
Hill Lands
 

Proceedings of an
 
International
 
Symposium
 

West Virginia University 
Morgantown, WV, USA 
October 3-9, 1976 

jji 

?''~f 



P N- R-P-6-- 4 ( -0
 



HILL LANDS
 
Proceedings of an International Symposium 

held in Morgantown, West Virginia, USA 
October 3-9, 1976 

Edited by
 

J. Luchok, University Editor
 
J. D. Cawthon, Associate University Editor
 
M. J. Breslin, Assistant University Editor
 

West Virginia University
 

Arrangedand Conductedby 

West Virginia University and the West Virginia
 
Forage and Grassland Cuuncil
 

in cooperation with 

United States Agency for International Development
 

United States Department of Agriculture
 
Agricultural Research Service
 

West Virginia State Departments of Agriculture and Commerce
 

The Claude Worthington Benedum Foundation, Pittsburgh, Pa.
 

American Forage and Grassland Council
 



West Virginia 
University Books 

(ffice of tPublicat ions 



Contents 

1. 	Hills and Uplands in Britain-The Limitations and the
 
Development of Potential / Roy lughes ....... .................. 1
 

2. 	Situation and 'Trends of Hill Land Management in Central
 
Europe/(;. Voiglkind rand (;.Spatz ... .......................... 8
 

3. 	 [fill Land Use in the United Slates/R. M. [Jivis ...... ............. 15
 

4. 	 Hill Country Farming in New Zealand: An Overview/R. W.
 
lBrolighnmlln il ). A. (;rant ......... ......................... 18
 

5. 	 Land and Life in the Nepal Himalayas/S. IB.Nepaii .......... ...... 24
 

6. 	 Hill Land Agriculture in the Humid Tropics/D). 1. Plricknetl ..... 29
 

7. 	 Development and Use of Hill Lands for Intensive Agriculture
 
in Sri Lanka/' R. aIui'i . . ... .. . ....................... 39
 

8. 	 Intensive Crop and Anim:l Production Systems in the 
Tropical IHill Lands of Pu irt~i Vi,cent -Chandler ....... 47Rico/l, 


10A. The Appalachian Mountains/Earl L. Conre.. ...................... 56
 
11. 	 Breeding Grasses and Legumes for lill Environments in

Britain / ..L.tli'ns(, .........
BrtinIN.L I................................... 	 ...... 559
 ... 


12. 	Techniques for Ilill Land Improvement Used in the United 
ier IldKingdom ' N,,we ......... .......................... 66 

13. 	 11 l,Land Improvement in Eastern United States/R. W. Van Kelren 77
 

14. 	 Factors Affecting Pasture Establishment in Non-cultivated
 
Seedbeds on Ilill uountry in Temperate and Sub-tropical
 
Australia/:. (;.Swain .......... ............................ 90
 

15. 	 Legume Based Pastures on Tropical Hill Lands.'(. N. Roberts ..... 101
 

17. 	Andean Culture and Agriculture: Perspectives on Development/
 
Shelien 13.Brush ........ ............................... 109
 

18. 	 Social Organization of Peasant Farming in Mountain Areas of
 
115
Mexico/ Mariel. Nart ilwz ..................................... 


19. 	 Sociocultural and Agricultural Organization in Hill Lands in
 
Kenya/Sus.ian W. Alm.\ ......... ........................... 119
 

20. 	Changes in Rural Social Organizations as They Relate to Hill
 
Farming: A Comparison Between Rural Mountainous
 
Appalachian and Greek Connmunities!'.ohn IPhotiadis ......... ..... 126
 

21. 	 Pasture Establishment on Unplowed lill Land in New South
 
Wales, Australia, /,. I. Ca idlmil. . .... ..................... .. 135
 

22. 	 Minimun Till age Establishment of Five Forage Species Using

Five Sod-Seeding Units and Two llerhicidesi'A. NI. l) :ker
 
and R.F. l)udIlv. ........... .............................. 140
 

23. 	 Pasture Renovation with Alternate Row Sod-seeding of Different
 
Legume Species/A. M. i)ecker. I. II. Vandersall, ad N. A. Clark . . . 146
 

24. 	 Herbage Variety Evaluation tnder Hill and Upland
 
Conditions in Wales/ James M. MI. Munro ...... ................. .150
 

iii 



CONTENTS 

25. 	Hill Pasture Improvement in Galicia/F. X. Sineiro ..... ........... 157
 

26. 	 Development and Productivity of Overseeded Pastures on Hill
 
Country in Northern New South Wales, Australia/P'. M. Dowling . . 163
 

27. 	Aerial Application of Herbicides, Seed, and Fertilizer Improves 
Forage on Ozark Hill Landsi/E. 1. Peters ...... ................. 	 167
 

28. 	 Production and Species Composition of Ilill Pasiures
 
as Influenced By Lime and Fertilizer! ,artin S. iBaker. ............ 171
 

29. 	 Effect of Phosphorus. Sulfur and Molybdenum on
 
Subclover-Grass Hill Pasture Yields in Southwestern Oregon,
 
USA/ lynn Cannoin ........... .............................. 175
 

30. 	 Lime and Phosphorus Response of Medicago sativa Seedlings on
 
Low p1! lIill Land Soils !). Webel 1. 1. leiderlong. 11nd F. L. llimes 177
 

31. 	 The Challenge and Threat of Tourism Among the Eastern
 
Cherokees L,1-rnie Friinch ......... ......................... 180
 

32. 	 Development Control in Hfill Lands R. I. KeIr. ..... ............ 184
 

33. 	 Social Adaptation to the Mountain Environment of an Andean
 
Village: William P. Mitchell ........ ......................... 187
 

34. 	S,rio-Ecological Evolution in the Hill Country of Southwestern
 
West Virginia;, Robert L. Smith ........ ....................... 198
 

35. 	Past and Present in the Swiss Alps/Ellen Wiegandt ..... .......... 203
 

36. 	 The Tragedy of the Commons Revisited: Land Use and
 
Environmental Quality in ttigh-Altitud, Andean Grasslands/
 
Benjamin S. (riu .............................. 208
 

37. 	 Combatting Forage Abuses and Social Problems for Atlas
 
Mountain Berbers 1 \. "litelhn m ....... .................... 214
 

38. 	The Evolution of Country Planning As an Alternative to Urban
 
Planning for Rural Areas W. l1. linslnm r Whit.. .... ........... 219
 

39. 	 Nute Ridge-Half a Century LateriSilas 11.Weeks ..... ........... 223
 

40. 	 Hill Farming in Relation to Future Food Policies/ l. F. Breimver . 228
 

42. 	 Economics of Hill and Mountain Farming in the United
 
Kingdom, 1. Pfeart:( ............ .... .............................. 232
 

43. 	 Economic Evaluation of Food Crop Production on Hillsides-

The Caribbean Experience' L. 13.Rankine . ...... ................ 242
 

44. 	 Hill La;d Farming: An ithi:.,Lational I)imension/kW. C. Thiesenhusen 254
 

45. 	 Crop Production on Hill Lands: Has the Small Farmer Been
 
Bypassed?/L. V. Crowder ......... .......................... 264
 

48. 	Crop Pruduction Complexes in Hill Lands of the Philippines/ 
R. L. Tinsley . .......... ................................. 	 277
 

49. 	New Systems of Hill Farming in Scotland/J. 13.MCreath ....... 285
 

50. 	Economics of Hill Land Utilization in Thailand/S. Vastvat ...... 291
 

51. 	 A Method for Analyzing the Contributions of Forest-Based
 
Activity to a Region/(;. W. Zirin ....... ...................... 293
 

52. 	 Land Use Patterns in Appalachia/[. K. Colyer. ............ ....... 297
 

iv 



53. 	 Rapid Adjustment Farms: A Method to Demonstrate New Crop-

Livestock Technology and Farm Management in Ohio's 
' 
Appalachian Counties/J. F. Jn(lerwood, W. P. Smith, and D. P. 
M iller . . . . . . . . . . . . . . .. . . .. .. .. . .. .. .. . . .. . ..
 

54. 	The Economic Implication in the Application of New
 
Techniques to Hill Sheep Farming in Scotland/l ". J. Maxwell,
J. 	ai!e, aid A. R.Sibaldl.. ......... .......................... 


55. 	The Allegheny Ilighlands Project: An Experiment in Packaged,

Team-Approach Technology for IHill Land Livestock
 
Production/1. 
 IiO .......... ............................. 


56. 	 Forage Improvement in Appalachian Ohio Through Sod 
Seeding/J. I. Und'wndood nid 1. C. CIy........... ............ 
 ... 

56A. 	 Interdisciplinary Research-and-Action in the Uttar Pradesh
 
Iills/C. R. Bailey . ............ 
 .............................. 


57. 	Crop Production of Arable and Meadow Plants in High and
 
Low Altitudes in Norway/ P. Solberg 
 ....... ................... 


58. 	 Crop Diversification in Lowland Bolivian Hills/I. A. Duke ............ 
59. 	Appraising Land Potentials for Commercial Apple Production/
 

. F. (;orind . . . . . . .... .................................. 
 ....... 

60. 	 Tree Fruit Production in the Mountains of the Central Atlantic
States 1iMStte, N.Inl5 I.llizrd............................341
ai. Ingleiind( S. I. Blizzimd .........
 

62. 	 No-Till Corn Proluction in Tall Fescue/J. H. iHix, Jr.. S. R.
 
kVilkinsui. and IL.A. Ilarper ......... 
 ......................... 


63. 	 Tillage Options for Corn Production on Sloping Topography/ 
S. %V. lini, 1). NI. V;III I)rbe . Jr.. and (;. IH.Triplet', Jr .......... ..... .
 

64. 	 Factors Influencing Hlazelnut Production in the (;iresun and
 
Ordu Provinces (if Turkey: An Analysis of Relative Efficiency

Bashd on the! Profit Function, lI. K~isn,ikoou mid K. Soie ."..... 


65. 	 Cropping of Lupinus Species on IflilI Lands in Sub-Tropical

Areas on the Elast Coast of Australia . NI. Flir hs ..... 
 ........... 


66. 	 Ironbark Ridges-Prohlems of IUtilization/ %V.I. Jolhnston ...... 
67. 	A 2[0-Year Stud.'., of Pasture Development Through Phosphate and 

Legume Oversowing on North Island IHill Country of New
 
Zealand' F. H.T. Sti;kling. . ... ............. 
 ............ 


68. 	 Stabilization (if IIill Areas iUnder Adverse Grazing and Climatic
 
Conditions at Wagga Wagga, 
 New 	South Wales, Australia/
C. NI. 	 A\d,t11iii ....... .................................... 


69. 	 Upland Soils of County Leitrim, Irelaad/NI. XVWlIsh ..... ........... 

70. 	 The D)evelopment of Lowland Hlill Tussock Grasslands in South 

East New ZealandiA. V. Print ll...... ...................... ..... 
71. 	 The Contouring of lill Land Into Linked Narrow Terraces for
 

Tree Cultivation /I. lisi ...... ........................... 

72. 	 Cover Crops, Mulching, Grass Barriers and Grass Waterways 

on Ilill Land Orchards, Ilsiae-tsa i Wang ...... ................. 

73. 	 Effects of Bench Terrace and 	Improved Hillside Ditch/Mien-chun Liao 

CONTENTS 

301 

306 

312 

316 

320 

325 

331 

336 

4 

344 

350 

353 

358 

362 

367 

381 

385 

390 

394 

399 

404 



CONTENT,'; 

74. 	 Farmability Evaluation of Broadbase and Grassed Backslope
 
Terrace Systems I1. 1). illuin .. 409
ss ......... ...................... 


75. 	 Traditional Slope Management: An Analytical Approach/(;. C. Wilken 416
 

75A. 	 Use of Aerial Techniques for Pasture Improvement in the Hill
 
Lands of Iran.'NV I. ( liibll i d A. Fshqhi ...... .............. 422
 

75B. 	 Fertilization As a System of Improvement of Eroded
 
Pastures, ). Filipevi;,ni Ste i ........ 427
miI . . ................ 


76. 	 The Selection and Breeding of Plants Adapted to Low
 
Fertilit' and Toxic Soils A. ). Ilrdshaw . ...... ................ 435
 

77. 	 Reclamation of Surface-Mined Areas in the United States/It. L. Barrows 445
 

79. 	 Some General Problems of Soil Erosion of Disturbed Lands
 
in the Caribhcan IL A. \\ ilson ....... ....................... 457
 

80. 	The Influence of Soil and Climate on the Productivity of
 
Grassland in Hill Areas AI. I, Ah:ock ...... ................... 465
 

81. 	 Responses of Perennial Grasses and Legumes to Slope and
 
Microclimate (). L. Bvinme.. E. L. Mathias. and G. A. Jtng ....... ....... 476
 

82. 	 Soil-Plant Ecosystems in Tropical Hill Country/(The late) D. F.
 
Nicholls a d 1). L. Pinacka6tit ....... ........................ 491
 

83. 	 Understanding Hill Land Ecology inNew Zealand As a
 
Basis for Management, K. F. ( )'Conner. ....... ................. 499
 

84. 	 Energetic Efficiency of Animal Production in Hill Environments/
 
. T. Reid 1n1I (). . White.. ....... .......................... 507
 

85. 	 Land Rehabilitation in the Upper Solo River Area/M. 11.
 
S,e(dlilm, and S. \iradiartal ...... ......................... 518
 

86. 	Rehabilitation of the Lynx Creek Watershed Degraded by Past
 
Mining Activities, T. R. Vermni. I.L. Th imes, mid 1) 13. . horud .... ... 523
 

87. 	 Revegetation of Steep Outer Slopes for Erosion Control in Strip-

Mined AreasiW. I. Arm iger. J.N. joies, Jr., 0. L. Ienn tt, F. L.
 
Biagic'. and (;. E. (,riehel. ......... ........................... 529
 

88. 	 Plianning Criteria and Use of IHighly Disturbed Soils/A. A.
 
Sobek, K. M. Smith. am T. Arkle,. I.. .................... 535
 

89. Reclamation of Mined Hill Land-Management Factor
 
Interactions/% . H. (;rthh , r. ....... ........................ 540
 

90. 	 Response of Four Grass Species to Rock Phosphate on an Acid 
Strip Mine Spoil/j. V. Schwartz 1). .am (]C. It".\...... ............ 544
 

91. 	 Tailoring Plants for Greater Tolerance to Mineral Toxicities and
 
lDeficiencies on Hill Land SoilsiC. 1). Foy. ...... ............... 5411
 

92. 	 Specialty Crops-An Alternate Land Use on Surface Mine
 
Spoil/. N. Jones, Jr.. W. if. Armiger, and ().L.. Hennet ........ 560
 

94. 	 Reclamation Technology Training in the United States/P. N. Angel 565
 

95. 	 Dwindling Wildlife in the Changing Ecosystem of the Northwest
 
Himalaya with Special Reference to Rare Birds and Mammals/
 
If. R. Kalia and 13.K. Kaul ........ .......................... 568
 

96. 	 Ecology 9f Borrow Pits/R. W. Enser and W. 1. C Iohd ......... ...... 574
 

97. Reclamation and Management of Surface Mines for Game and
 
Non-Game Birds/l). E.Smnuel and R.C. Whilmore. ................. 578
 

vi
 



CONTENTS 

98. 	Extending the Seasonality of Growth of Hill Land Pastures/
J. Ii. 	Ollerenshaw, W, S. Sthwart, J.F. Gllinmore, and R. H. 	 Baker.. , 583 

99. 	 Ecological and Production Aspects of a North- and South-Facing

Slope Pasture System/l,. P. Stevens, (C. C. Anderson, and P. R.
 
Ilenderlong .......................................... 
 587
 

100. 	 Seasonal Yield Distribution, N Fertilizer Response and
 
Utilization of Poa praten.sis on North- and South-Facing Slopes/

P. I. 	lheI erhm g, (). 1,. Bennett, md I' .. Malhias ........... ....... 
 592 

101. 	 The Utilization of Radiation Energy in Differently Managed

Alpine Pastures/(;. Siatz ant 
 (;. Voigtiinder ...... .............. 597
 

103. 	 Carbohydrate Content and Quality in Plants )epending on 
Climate Ccnditions in the Northern Alpine Area,/W. Kiihlhaiich . • . 601 

104. 	 Intensive Rearing Systems for Sheep Production/L. Ainsworth, 
I1,K It, 1haile',A. 	 1. I). P. (;. IN.Ling for(l, II. F. Peters, and 

I. N. 	 B3.Shieslht .......... ................................ 610
 
105. 	 Grazing Systems for lfill Lands/T. B. Trew. ................... 618
 
106. 	 Utilization of Pennsylvania lill Land Pastures for Beef
 

Production/J. 13. Vashko ami L. I.. \Wilson 
...... ................ 620
 
107. 	Sheep and Cattle Pastoral Grazing Systems on New Zealand Hill
 

Country/A. %V.
lintall ......... ............................ 
 624 
108. 	 Comparison of Hay Package Types for Beef Cow Wintering


Programs/L. L. WVilsto, W. L. Kielgaard, 
 P. M. Anderson, J. B. 
Washko, 11. Nehir. L. 1). I lofffnin, and T. A. Long ........ .... 627 

109. 	 Synchronized Estrus and Use of Artificial Insemination in Small
 
Herds of Beef Cattle/J. 13. Peters, 1. A. Welch, A. L. Barr, and
 
E. K. Inskeep ......... .................................. 
 631 

110. 	 Incidence and Methods of Preventing Grass Tetany/.W. H.
 
Smith, 1. N. 
 hId vges,minI V. L. Lechtenberg ...... ................ 635
 

111. 	 Grass Tetany as a Melabolic Problem in the Eastern U';ited
 
States/ L.1,. 
 Neid, (;. A. Jung, and C. F. (_Cross ...... .............. 640
 

112. 	 Dynamism and Conflicts in the Multiple Use of Hill Lands/ 
W. E. S. Nltc:h ... . . . . . .. ................................. 
 649 

113. 	 Integration of Ifort icul tu ral Crops with Cattle and Tobacco
 
Enterprises in ti Appalhihian Area of Western North Carolina/
 
I). 	 ). Nnthoinsm) ......... ................................. 
 656 

115. 	 Livestock Produclion and Forestry on Western Hill Country/W. Mosher 661 
116. Some Aspects of Sheep and Beef Cattle Production on New
 

Zealand tHill Country/(;. K. Ilight 
....... ..................... 
 666 
117. 	Forage-Animal Production Systems on Hill Land in the Eastern 

United States/R. V".Blats, R. C. I flamines, Ji'., . P. Fontenot,
C. E"0.Polan, II. T. Bryant. and 1.).1). Wolf. ....... 
 ................ 674
 

118. 	Animal Production Systems from tlill Country in the United 
Kingdom /I. i'adit. ........ ............................... 
 ..... 686 

119. 	 Technically Feasible, Economically Marginal and a Social 
Exercise: Beef Production from Hill Land in Fiji/I. I. Partridge . ... 692 

120. 	 Role of the Soil Conservation Service Plant Materials Work in 
Developing Plants for lill 	Lands/V. C. Shar ................... 
 697 

vii 



CONTENTS 

121. 	 Clipping Effect on Stand, Yield, and Quality of Three Warmn 
Season Grasses/ ).S. Henry. [.W. h'vrett, ant 1.K. Evans ...... 701 

123. 	Tropical Forest Land-Use Evolution in Northern Thailand/S. 
'Aa rik it Ii.......... .................................. 705 

124. 	 tHoney Production on Reclaimed Strip Mine Spoil!l. N. Angel 
and C. N1. (;hrist insel ......... ............................ 708 

125. 	 Use of a Mathematical Model to Evaluate the lydrological 
Effects of Land-Use Change" K. 1.L..rngf,)rd . 1. Il1,.N :(liinness . . 711 

126. 	 Federal-State Cooperation Encourages Ntultiple-Use 
Management ot P.ivate Forestland in Northeastern United States/R. 
F. WVat. . ......... ..................................... 	 716
 

127, 	 Multiple Use Management of West Virginia Hill Land/E. C. Bammel 721 

129. 	 Dairy Bek.f Production in the Guatemalan Highlands/I. T. 
Cabezas and K. 13rossaii .......... .......................... 723 

130. 	 Beef Production on Sloping Land in Southwestern Wisconsin/ 
1. N-I. 	 Scholl aind W. It.Patisonl ....... ....................... 728
 

131. 	 Pasture Management and Beef Production in the Southern 
Piedmont;S. K. WVilkinson and 1.A. Strredemann..................... 732 

133. 	 Pasture Performance of Beef Cows and Calves Grazing 
Orchardgrass, Tall Fescue, and Tall Fescue-Legume Herhage/V. L. 
Lec htenherg. W. Ii. Smith. ind l). C. ' etritz ...... ............... 738 

134. 	 Management Systems for Sheep and Lamb Production on Hill 
Land/I. M. lowis. F. C. Htinds, 11. A. Cat(!, N. E.Mansfield, and 
G.E. McKibbwn ........... ................................ 	 743
 

135, 	 Present Use and Development Potential of Hill Land in 
Ireland/M. A. ("Tooh! ......... ............................ 747 

136. 	 Responses in Output Achieved from Improved Systems of Hill 
Sheep Production 

Part I. In the Eastern Cheviots/j. Eadie, R. H. Armstrong, 
and T.J. Maxwell ........ ......................... 752 

Part II. On Blanket Peat in the West of Scotland/i. Eadie, T.1. 
Mavxwell. and D. C. Currij ....... .................... 754 

137. 	Grazing and Pasture Management Trial of Coos County, Oregon, 
USA/L. Cannon .......... ................................ 757 

Strategies for the Management and Development of Hill Land-
Summary of Discussion Workshop/E. DeVries ................... 760 

viii 



Foreword
 

The original purpose of the Hill Land Symposium held in Morgantown, West Virginia,in October, 1976, was to consider means of increasing the agricultural use and productivity
of hill land areas in the United States. Such a review seemed justified and timely
inview of the dwindling prime land resources of this country and of the increasingneed for animal production from pastore and forage crops. In recognition of the fact
that a majority of the world's population living in mountain regions do so in developing
coontries (Asia, South America, Africa), and with the interest and support of the Agency
for Internit ionaI Development, the scope of the conference was enlarged to consideration
of the use of hill land for both crop and( animal production in tropical and lemperate 
regions of the world. 

IE:mphasis throughout the conference was placed on the agricultural potential of hill
country in contributing to the world's food needs. Ilowever, since increasing population
pressures and changes in ag.ricultural and industrial technology have been shown clearly
to exert (Iaslic effects on fragile mountain environments, sections of the conference 
were devoted to disc:ussimn of hill ecosystems, of hill country for purposes otherto use 
than agriculture, to the impact of change socil andon cultural relationships among
mountain communitlie,. aind to the prohlems of effect:ive reclamation of severely disturbed 
or eroded land. 
The opening plentir 'svsionprovidies an overview of hill land use in different regions

of the world. 'thereafter, the :onferen(:e is developed in eight different subject matter 
areas, with invited nid cotnributed papers in eich. Discussion of the papers was recorded,
and much of this is inicluded in the Prccdtings. undoubtedly with certain of the
 
errors and inequilk'.s to which such mterial isprone.


It was an intention of the c:onference tostinmulate discuLssion of a 
common problem
by people with a wide v riety of int(rests and i'\perience-ulministrat-rs scientists,
advisory personnel, firmers ,Ir!individluals with, simply, a strong concern for a vital 
part of roa's natrirl environment. In ,n earlier colloquium in Ihe United Kingdom,
Watkin Williams (INy73) con:lurhbd that ininy discussion of hill agricultural problems,it is (lifficult to ivoicd developing either ;Isentimental or Ibrutal frame of mind. Such
atlituies again will be rvflic;ted inthe pre(sent l'rf) ,f' Iin.,and this isperhaps inevitable

in laking a dtiversifield approach to a highly c:omplex tiroblem. it is,however, the hope
of the organizers rf this (:onferece that. from the luroal canvas of interests and effortsportrayed, sufficient rom:'rn will be generated to encoinrirge the development of further
meetings of working groups or agencies with m(re specific ohjec;tiwes in utilizing and 
protecting the hill ard mountain land re'sources of the world. 

Editor's Note 

The till Lands Symposium was a monumental undertaking. Next came the task of
prep-iring the manuscripts fir, Iullication . . .the countless hours of ediling, rewriting, 
r iyping. 
The Edi or owes speial thanks to tht following:
My ollea' r's Jack ( ,[wthon and Mike Breslin, for all their help in editing and proofing.
Miss I0ht1,ag,e Crimnes, my secretary, for retyping many of the manuscripts.
Professors C. C. Anderson andi R. I.. Reid, WVIJ College of Agriculture and Forestry,

for profreading the first galleys and ironing out the fuzzy areas. 
Mrs. Rt, h Thouias, who kept trrr:k of all manuscripts anl delivered them to me.

Paul Stevenson, chief WV (
Graphic Arlist, for his suggestions and advice on typography

and design of the Proceedings: and Diane Lenhart, staff arlist, for cleaning up the
rough edges of (and, when necessary, redrawing) the charts and graphs. 
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1 . 
Hills and Uplands in Britain-The Limitations and the
Development of Potential 
Roy Hughes 
Welsh Plant Breeding Station, Aberystwyth, U.K. 

11]iversally, the term "hills" implies adverse char-icterislics of physiography and remoteness, andclimatic md soil constraints. The inleraclion of thesefactors confers a disadvantage on the whole hillfarming economy. Uiplake of technical advances fromreseinreh am developmient by hill farming has beenslow or nonexistenlt beclluse of lack of investmeintcalpital, high input costs rellive to low levels ofresp onse, sinall farm size, and la)bor shortage (Agr.
Adj. Unbit, 1970: Econ. lDevel. Conm. for Agr.. 1973:Jones, 197:1: Smilh, 1970). 

hi the IJ.K, there is often resistan:ce to governnmentinvestlIent iln lh(l d(velopinitt be-of h (lhiillfing
cause it sul)iporls onil splars: populatiorl
contritites such afsiall propl)ortion 

and 
of total agricul-titral miptlit. ()ne view is that since inputs give(! Iwelterreturn in Ihe lowllds tie 

to 
hills aIre best consignedlnature conservati)on, re(:re'tiin, ,in tlourism. At

the other extre:me, inluits have'. liven remconminvuinlhd
oIn the basis (if inlressive itnpro (ivls ill herhagmproulcU:tion, although wilh scitt cnsiiderititn ofo(ists otn systems (Williis, I!973). lowever, withteh!wirld(s bestagrin:li-itlrl 'llurl fring depetied 
the bllst lhns to pnrimairy crllps mankinfdtill! best hinds tonrIi Iomm, l
aind for hll countrl-Y to havel inu1cl ire important
role in suipplying ms need for livestock 

thehaevperially creligibility
Whiitevv,- r 'rentiith! ( slittis of if co(:untry's hillland, it is ilfportiht to keep opitions open and build

uip the technhology needed for fulure developrmentshould this I):o1m expelielt. This cill only he (on(
lhroigh asounld researhll.chnd developnllent progral. 

THE HILL LANDS OF EUROPE 

'l'he hill lands ill northifrn and southern Europlje 

lie in larg contigilolisImasses, and there are marked
contrasts betvven regions aiil in uiih diversity wivthinlheil. lrobleinls in Ille north and norhwt ls alelifferent from lhose in the soulh and southeast \vh,'r',

Summer111l's are wanllr, soils less alcid, no vxtensivepeIat (heposils occinr but population densily in someareas givos rise to higher land prissures.
I lills anl uplanls ha'e been defied is areas wherethe growth of plants for agricultural anl pastoral

production is depressd Iby climatic, soil, and lopo-graphic conditions. There is no slandard relalionshipwilh height above sea level, and in the U.K., the 

I 

cultivation of root crops and cereals ceases at muchlower altitudes than in the rest of Europe. In partsof the west of Ireland and highlands of Scotland 
peat occurs at sea level, while in northeast Englandand the Welsh borders land up to 400 m is plowed.hi some of the ilpine regions of Europe cullivat ionis carried outl up to - 000 m where high radiationand the! complex of vlley Ibottoms and slopes allow a greater crop diversity, frnim maize to upper alpine
paslure (Raieburn, 19(9: Davies, 198i).

In eneral. the (entrl imassif of' Europe enjoysmnuch higher levels of pro(duc:tion than those foundin northwestern E irope where iin extensive farmingconverl., a very low levl of vegetative productionper unit are into a riltively unfinished livestockproduct. In central Euro)pe, thl farming is relativelyless (xtensiv.e, conv(erting a higher level of vegetativeproduction into iafinished livestock product (liunt,
1,Ci8). 

Hill and Upland Farming in the United KingdomHill sheep faming and upland rearing take upa thir(l of the U.K.'s farm land-5.8 million ha of 
rough grizing, grasslando, n. for Aglor.. and crops (Econ. Devel."197"). .; nimproved native grassland"Iceotlnls for 70% of this area. The precise physical
dernmacatiorihrduclts, oif hills and uplands is impossible, and 

for graius under various hill farming andlivestock rearing acts is biased oini the type of farmingilescribed as follows:
 
possible, offi:iall
 

Land situated in an 
 area consisling predoinianll
of mountains hills or healh and which is, or 1iiniruvenmIent cotill lIe:mad,ilut no'. sniltahle for the use ofin th(hreeding, rearing ,iid maintenance of sheep or cattleopinion of the, appropriate Minister,for the carrying ol, to any material extent, of dairy 
farming,11he prIduction ti any matirial extent of fatsheep or c(itle or, lie pri1iiu:i on of crop!; in quanlitymaterially greater than that necessary to feeid theinmlber of sle l ) or cattle capalie: of lbeing maintained 
oi the land. 
Such land occurs in Scotland, Wales, the Penninesand north of England, ani the uplands of southwestE',ngland, and the Welsh Borders (Fig. 1). All hillfarming systems are hased on sheep, supplemented 

to various degrees by cattle; agriculturally there areno other opportunities. The saleable products arelambs, draft and cast ewes, wool, and weaned calves. 
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Figure 1. Hill and upland areas in Britain. 

Output and profits are too low to provide capital 
for improvements and scope is often further redulced 
)y limited areas of improveable inbye* land, lack 
of suitable huildings. and heavy reliance on common 
lands* which ;an lead to overstocking. Further, 
farms are very vulnerable to year-to-year changes 
in both prices and weather conditions (Jones, 1973; 
Agr. Adj. Unit, 1970: Smith. 1970). 

Grants and subsidies have catered for land im
provement, buildings and access. Ilithe poorest areas 
only a small amount is claimed annually because 
farmers cannot raise the balance of capital needed 
(Smith, 1970). Hteadage payments are made on the 
hill cow and calf and on hill sheep. At times grants 
an] subsidies amoun to more than the net farm 
income (Jones, 1973). 

Hill and upland farming in Scotland, Wales, and 
England contribute only 7% of total agricult Lira] 
output, but make. nevertheless, valuable contribu-

Enclosed land aroutind the homestead. 
"Unenclosed land held in joint occupiotn by a communily 

and grazed incommon. 

lions to the livestock industry by contribut ing 50% 
of British sheep and wool production and 20-25% 
of the beef cattle output. The hills and uplands are 
the main source of store aninals and hardy breeding 
1973). 

Hill farm systems in the U.K. are as varied as 
the economic ati physi'ill coinditions which crealet 
them. At one extreme the hill sheep fairms of the 
Scottish highlands can exlend to over 100 ha but 
have little inbye land. very low stocking rates, little 
grazing control, very limited wvilerlig land and 
Smarked under-utilization of pastures in sumnmer. 
Three-qtiarters of all hill land in Scolland is stocked 
latless than one ewe/lha and oite-fifth at less than 

aln ewe/3: hat (Cl lllinlghalln 0 ill., "19-70). 
At the other enld, in southwest England and Wales, 

land is totally enclosed and the ratio of inbye to 
hill is seldon less thai 1:15, and onithe better farms 
it is I:I.Ihere isno revognized otlimu, but when 
ralins are wider Ihain 1:20 it is important to try to 
irrtprokvu suiitable aIdi'acent land11 to aulgiment the inlbye 
acreaige. In \Vales, m vegetalarge airea t the natural 
l tion has Alrelv hvien retplaced hy sown pastures. 

Little renovitiol has taken plwot, however, oIlt 
wetter lands t higher elevatims (up to (t0 i). 
Stocking rtls (rihigher' than elsewhere iinthe .K., 
at 2.3 ewes"h,h ,111d oJver-graizittg illSnille aras has 
led to deteriorlatioln illplstures uitd redl(cioll ill 

perfornm n(:.
The uplaid sector, as distinguished from the hill 

sector. ocupies the lower slopes on the betler soil 

types in the lower rainfall zos,e.,g.., Welsh Borders 
and Penninee, and feat oreS :attle pr(uninently. It 
comprises fit";, of the total area hill countryibuttof 


accounts for 85";, of the total production (Econ. 
Devel. Conm. for Agr., 197:). Ilere, lamil improve
ment has already made a imajor impact and (i some 
farms nearly all the rough grazing has been replaced 
since 1945, thereby c(realing a wider range of man
agement opportunities. 

CLIMATE, SOIL,AND VEGETATION
 

Since it is the sole source of ruminant feed for 
most of the year the nature of the native and improved 
vegetation is fuindamental. It reflects soil, climate, 
and pastoral system, and therefore Ihe environneial 
limits to production must be quantified. It is difficult 
to separate soil and clinate effects, but reciprocal 
soil transfersludies have emphasized climatic factors 
as a major influence governing differences in grass 
produ(ction between hills and lowlands (Hughes, 
1965; Lovelt tand Alhcock, 1966; Al cock, Paper 10, 
herein). 

Climate. In the I.K., cloud cover, rainfall, and 
wind velocity increase, and bright sunshine, total 
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raliation, evaporation an( temperature range de-
crease with increasing altitude. Maximum tempera-
tire decreases more with height than average mini-
mum. E.ven small changes in altitude over short
distances cause rapid changes in the length of the 
growing season, growth rates and yields (Ilughes
and Mtnro, '196(4, 19(18). Compared with many con-
tinental :ountries, the changes with altilude in the 
I.K. are: more rapid and varied. The (Idline in lengthof growing season varies from 4 days/30 m height
in thu northeast to about 10 days/30 in in the 
sout hwest. In Switzerland, the 2 days/30 m change
suggests the sam( length of growing season at 600 
m above sea level as the t.K. has at 300 m or less.

Farming is partictularly affected hy the length of 
the winter, the considerable temperature restraint 
or spring grass production, and high rainfall in
nmid-stinine r which causes extre:m[e variation in the 
(lha ntity and lqUality of hay. Marked differences o:ctrfrom year to yem, including winters severe enough
to c:irise sheep losses and to drastic:ally redtce 
sulibsequrne pasture yields. In mid Wales, intensively
imanaged Loliurn pere n e swards can reliably pro-
dhice 15 MV/ha in the lowlands and 10 M'T/ha
at 300 l inia favorable season, but winter damage
anil low spring t'neperaltrs canril ridt:c the latter 
yill to 4 MT! ha in three1years out of ten (Munro,
1974). 

There are many prorlens conc:erned with sttclying

r:rop-we ather responses aid site potential in hill 
art as.Com1phexes of slope and ispect affect raliation,
henperatlhire, an(t evaporation, while harrier and 
claiinelling effects on wind cre:ate further coniplica-

Braemar, Scotland 339,n 
BuxtonEngland 305rn 

,, Syfydrin. Wales 335m 
- Ben Nevis. Scotland 1343 in 

0 .1 
\EE 

tions. It is essential, therefore, to take meteorological
data on the actual site, though there are pitfalls in 
relying entirely on ohysical data and on derived 
measurements such as potentiil transpiration. Esti
mates of the onset of spring growth from such lata 
showed a three-week difference between 30 anid 3:30 
m elevation. In terms of grasses overwint ered on 
these sites the difference may be six weeks (Ilughes
and Munro, 1964, 1968).

Climographs are a useful way to present pictorial
comparisons of the temperature/rainfall patterns in
different countries and within countries such as the
U.K. where small differences may sharply differen
tiate the biotic potential of two nearby areas. Poly
gons produced l)y plotting monthly temperatuore
against rainfall, and joining the points in sequence 
are presented in Fig. 2 to illustrate variation within 
Britain and comparisons with central Europe. 

The need for more direct measuremenots of theclimates that typify hill country has hen emphasized
(Raeburn, 1969). Ecological and land use maps are
useful guides, and in conducting a soil/ vegetation 
survey for Scotland the Macaulay Institute found 
it desirable to characterize the climates of sites,
mapped on a scale of 1:625,000 (Birse and Dry, 1970;
Birse and Robertson, 1970; Birse, 1971). Three maps 
were produhticed, one based on accumulated tempera
tures and potential water deficit, and the second 
on exposure and frost; the third map oefined the 
regions on the basis of a scheme of hioclimatic 
sul)-regions. This approach is strictly geographical
but forms a good basis to extend to more cirect 
agricultUral usage. 

/ Graz, Austria 344 m 
- - - Basel, Switzerland' 317m 

Davos, Switzerland 1560m 

o 'II
 

5I 
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Figure 2. Temperature-Rainfall Climographs. 
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HILLS AND UPLANDS IN BRITAIN 

Soil. The uplands a!n highliands in the J,.K.are 
dominated by Palaeozoic rocks, characteristically 
haider sedimentary, crystalline igneous and meta-
morphic types resistant to weathering (Pearsall, 
1968). There is a natural decline of fertility with 
altitude, soils being typically shallow. sioni*', and 
poor in structure, with low nutrient status often 
exacerbated by excessive leaching aiid waterogging. 
Extreme acidity is often en(:ounterml (pll below 4.0), 
rate of organic matter decomposition and hunifica-
tion is retarded, and ac-!te deficiencies of' cal:iun, 
phosphate and, above ll. o: availible nitrogen, are 
common soil features. Poorly drained gley soils 
in valley boltomns often have high contents of ex-
changeable aluminum, 
Cround drainage conditions var*y markedly over 

small distances, giving complex soil (listrililtion 
patterns with marked gra(lients in ptt. relox poten-
tial, loss on ignition, silt coltent, C/N ralio, base 
saturation and cation exchange c:pacitv (Munro et 
at.. 1973). Five inai groups od soil ,3-1 usually 
distinguished-skeetal, peat, poizols. gileys. and 
brown eirths (cromplton, 195). 
indeining her sMilulimitnr to p-,otkent( 3pa 13 

mprovement Munro aid co-workers (1973) hav 
emphasized the inajor rol, o' soil in the success 
or failure of sown pastures. In (o)initilg soil n
trient resources stress is lii:dl on apparent density, 
which can vary 6-fold betwen dep p3531 ind 
eral soils. In particular, lime requirement is greatly 
influenced by bulk density, and serious over-limino 
of deep peats could occur, leading to induced potash 
deficiency (Munro 0l al.. 1973). 

A major limitation is the low level of available 
nitrooen. During 1967-70 the actual N uptake of 

a sown perennial ryegrass pasture rainged from 1.5 
kg/ha/annum on a peaty gley to 65 kg/ha on a 
more fertile, free-draining brown earth. This con
trasts with the 150 kg released by intensively man-
aged lowland soils under paddock grazing (Munro, 
1974). 


Table 1 illustrates typical soil nutrient concenlra-
tions; it highlights the poverty of hill soils, 

Vegetation. The pattern of spacial distribution and 
inherent productivity of the main vegetation types 
is closely linked with soil environments, especially 

TABLE 1. MINERAL CONTENT OF SOILS 
(After Hughes and Munro, 1968) 

Kg4nourint/hb 
Soil (i Nig K >N, 1 N At Nn Cu 

Hill mine!ral 94 65 :120 43 4 235 623 115 o.73 
Hill peaty gli.y 74 48 119 43 7 87 692 10 0.21 
Lowland minrdl 2690 157 179 95 13 - - - 

pH and drainage, and with grazing pressure. The 
best indigenous pastures are associated with grealer 
soil base status and grazing pressure, and are domi
nated by Agrostis and Festuca species. tIteridiumn 
fern is a problem when it dcaminates the grass 
component on such mineral soils. At the other 
extreme, ubiquitous blanket bog sul)ports only very 
poor quality Calhuna-Eriophort-im-7ri(:hophor
urn-Sphagnum vegetation. Including heaths, Cal
luna is a major component of Scottish rough grazing, 
covering some 1.5 m/ha.On more acid soils in Wales 
grazing pressures are high enough to eliminate 
heather but not to prevent the relatively unpalatable 
Nardus and Molinia dominating in its place on 
peaty-gleys and peaty-gleved-podzols. 

Yield potentials are not easy to assess and estimates 
have varied consideraily, but a rough (hatim point 
would be as follows (laidie, 197:1): 

Agrostis-l-estuc. 2-3 MT/ha/year
 
Molinia-Nlardus 1-2 MT/ha /year
 
I'hdihbl-Callmna 1-3 MT/ha/year 

A good lowland pasture containing white clover in 
a high rainfall area would pirodc:e 3.5 to 6.5 MT/ha 
withot nitrogenous fertilizer. 

Feed qeality for the species in the above list is 
ve!ry poor, dige stihile energy, protein and mineral 
cry por.tigesti ng roteinha ieiral 
( oncentration of standing crops of' herage being 
generilly well below aiinial maintenance require
ments (Munlro. 1974). DOMD levels (digestible or

ganic matter expressed as a of dry matter) are 
illustrated Ielow: 

Jurne August December
 
Agtostis-Festcwa 56 44 41
 
Nardus 48 50 35 
Molinia-Trihophorim 42 45 26 

'The growing season is short, and under tlle year
long. free-range, set-stocked pastoral system, sheep 
have to graze very selectively to obtain a reasonably 
digestible feed. Despite low stocking rates the degree 
of selection opportunity is inadequate it certain 
times to satisfy nuitritional demands.At worse, where 
hard winters and low suminier stocking iates prevail, 
as in Scolland, a vicious c(ircle is 3;redted inwhich 
the quality of the standing crop of herbage is diluted 
by the buihl-up and carry-over of rejected herbage. 
At best, utilization efficiencies are 30),. Improving 
the animal nutrition cycle by greater grazing control 
is an important objective, but sheep nutritionists 
have not always been attracted hy the potential 
contrihution of improved pastures. By the same 
token, pasture improvers have been mainly interest
ed in the techniques themselves anti less concerned 
with whole farm management systems that could 
benefit from the improvemient (Agr. Adj. Uinit, 1970; 
Eadie and Black, 1908). 
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HUGHES 
THE DEVELOPMENT OF POTENTIAL PASTURE IMPROVEMENT 

Elucidation of Potential. Itemphasized that has already been 
Current tP'(doetion. Regional differences in sys-

the soil, climate, and vegetationlimits have to be quantified and related to produclern and in husbandry practices reflect quality of tivity (Munro and Davies, 1973; Alcock, Par,: r 80,lanl anti opport unity. On the poorest farms, e.g.,
western Scotla nl, rates of lamb growlh (10-15 kg/h 

herein). The scope for improving total ant! seal.onal 
dry matter production and the feed quality of per year) he;aviar, ly siockecl, more favored Welsh farms. 

theliea i(n r less than half the 30 kg/ha found on standli ng crop by grazing coot rol leading to betterutilization must'I'he (;mparison with the lowlands is 
be elucidated. even more Marked increase inproduction, however, needs fertilizer inputs and,telling (ladiie, 1973). On the hills, stocking ratesof (.t ewes/ha, 0(,, lamls weaned and lamb live- possibly, reseedling, and the potential product ionweights of 24 kg, are associated with 2000 kg/ha at different levels of fertilizer input gives a moreof pasture production, giving 15.3 kg/ha of weaned The potential varies with Muesoil, naive vegetlambs per annuim. This compares with 600 kg in The pote Resuth t oinative reaIi. Inwlands. According to Eadie (1973), this 40-fold tion, and site. Results for a 2.olinia/Nardis areadifference of lamb output is a function not only on a peaty-gley are shown in Table 2.of a 5-fold lifference in herbage pr(iduclion, butilso(a 3.5-fold difference in the efficiency of utilizing TABLE 2. Annual yield of dry matter in kg/hathe pmsture and a 2.25-fold difference in conversion and feed quality of herbage from swards 10efficiency hy Ihe lamb. years after different treatments applied toAgainst the background of low outpul relative to Molinia/Narduscosts, Ihe only opporlunity for increasing oulput (Davies, D. A., Welsh Plant Breding Station,lies ini lechnical improvement, particularly to create unpublished)
an overall increase in the plane of animal nutrition, unpublished)lie kevy f r w hich lies in pasture im provem ent. ''le S war Irvai1 i i Yif-ld ' M ) 11NM ;nain trendl hias lbeen to remain slatic and rely heavily
on subsilies. Somne farn amilgaailion hias increas(d 
 Original hlirhiag 1 1210 37 7.1 3.6the size of the land nallilgellent unit, iandi a limited Cmnnrolhd grazing 2 210 49 15.6 11.9use hils b(enrniadh! of low cost niethods on hill sheep Lime ,lid basic sl,a 2521 511 14.6 11.0firns. 1InWales, mainly ol the upland, ind on11 drier Lime, basic slag and 50 kg N/ih, 3 410 66 17.3 12.7slopes of the etter hill farms, greit utse! has been line, basicslag ad25(1kgN/ha 41171 7:1 24.8 12.0iide of various governmient incentivus. Since 1952. )atapno C(mpli-, 4940 7,1 11.6 14.1ove!r 1. imillion hli of pasture have been improved, F'iag-I harviser firlilizir and 5570 73 111.1114.2
largely by plowing andI resee ling. This, ind the ise Rnliv'auii I sved mixtun, ii 10(1 72 17.11 16.1
(if root crops, has led to higher sltocking rates, iore Phi ii'a ni Resieud Cinphet, Mirilizer. 23 L. ine 5 k N I i 2(0 75 1ri.0 1z.7L]imbs reired per ewe, rediced ewe nortility, hiavier s. 59 .vst. rlir, 5(0 kg N/ha 6:1(1i 70 21.4 1:1.5laibs altweaning, and heavier fleeces. Min, such S. 21 fariir's (ot on2ly supply hreeding ewes and store S. 59 j )l50 72 214.4lambs forlhe lowland fat lanl) i'rket, billit also have 

11.5 
enter(t hi, fatl [lmb malrketl themlve~h(s. Similart 695o 75 4.All Iriratmulis :untit grazilil rhlinnatlv.inilierle ts in atill output halve reulted inliil il pvimlell, I lil 

Sicking rate adjuslte according t hi rlteag on offer.ltle out hi e 1'(:tllh,:shet ll io. Daia tased on six sampling prriods.it is possible to maintain afhigher ca:ttle:shevep ratio.
As ia direct result, hill-ewe nuniers in Wales haveincreaseld by 17% diinhill cows by 2351%, (Munro, Techniques. (See Paper 12, herein, for more de1974). tailed discussion of techniques.) The hasic techl1w hills (If Britain are niit inienable to vast andI niques for bringing about marked changes in therapid change. Plowing or roltali ng large ireas ian stlle and botanical composition of hill swardshlead to ilidelegrazing, (Irainage pr(ilemls anrd 1I1tnclis 

anI 
for reseeding a whole ranrige of hill soils were recordinviasion, ird iiltimale (leterioration. "h'lle issue of ed 40 to 50 years ago (Hughes, 1970).Ihle cornlini) aninds hits to hbe In the _.K.considered since 80% lie (:ornerstone of hill land improvement has beenof Ihe 0.6 million ha is grazing land, and little the inlroduction and survival of Trifoliuni repens.positive a(lvaice has been made in its use, even The main cause of swar ldetherioration after reatmentwhere soil and olther factors preserlt ideal opport u- is poor drainage, followed by inadequate fertilizernilies for development. maintenance dressings and lack of grazing c:ontrol.When considering land improvement, therefore, Plowing wet land has led to such an invasion ofIhe fundanienial considerations are the potential of juncus species that the sward can be Poorer lhianithe land and how mucth to spend on it (Smith, 1970). in its original state. 
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Improvement Strategy. The basic strategy for fur-
ther improvement in Wales is to intensify production 
on the cult ivated and inhye areas. In order to improve 
the yield and quality of herbage conserved for winter 
feed it is necessary to relieve stock pressure. It is 
essential, therefore, to improve the feed value of 
the surrounding wetter grasslands by surface treat-
ment techniques. Studies on both problems are in 
progress at the Welsh Plant Breeding Station. For 
example. (1) a whole new series of bred grass and 
legulme varieties are being evaluated and production 
potential elucidated for different levels of fertilizer 
input. Emphasis is given to feed quality charac-
teristics of hay and silage crops and the lamh-fatten-
ing I)otential of aftermath growths: (2) by seeding 
different propoi~tions of a wet Molinia/"N'udlLs/ 
"richophorumarea the following improvement in 

annual livestock output was achieved: 

Control. 2.4 ewes/ ha 35 kg live wt. gain/hia 
20!; improved, 5.6 

ewes/ha 91 kg live wt. gain/ha 
40; improved, 9.8 

ewes / ha 153 kg live wt. gain/ha 

The figures are means of the five years 1972-76. 
The Ministry of Agriculture started a large-scale 

development project in 1971 on a mountain area 
of 840 ha lving between 485 and 565 in at the 
Experimental Husbandry Farm in mid-Wales. 'h( 
principlesinvolvtd are: (1)identify the feasible areas 
and consider the best techniques to apply to the 
plant communities present. (2) ascertain which areas 
should be, if at all possible, enclose(d, (3) assess 
the need for access for the transport of lime and 
fertilizers, (4) estimate the costs of roads, and (5) 
estimate the c:apital needed to finance the program 
and to purchase stock. 

A survey revealed 200 ha of improvable land. 470 
ha of useful sheep grazing lanl, and 170 ha of little 
agricultural value (Eriophorurn bog). Much of the 
cost of improvement, fences, and access roads was 
met by the sale of 170 ha for afforestation. The effect 
of livestock output and on returns is being monitored 
over several years (Roberts. 1973). 

In Ireland a country-wide estimate of the develop-
mental potential of land for agriculture was made 
(Lee and Diamond, 1972). Potential levels of animal 
production were related to soil type and then to 
present levels and to recent trends in the livestock 
population. The extrapolation of animal production 
experimental data to the country at large was then 
possible. Targets in terms of livestock units per 4(1 
ha at two levels of nitrogen inputs were derived 
for each soil type. 

In Scotland, the Hill Farming Research Organiza-
lion in studying input/output situations and com-
plete animal product ion systems both on the ground 
and by means of modeling techniques (see Papers 

54, 118, 136, and 42, herein). The greatest success 
is achieved where a land improvement program is 
based on a concrete livestock policy for the individ
ual farm. Having decided production largets, the 
degree, type and extent of land improvenent neces
sary to meet the livestock demands must he deter
minel. The facilities and skills available to apply 
the management systen necessiry are vital consid
erations, since any substantial improvement in 
grassland, stock-carrying capacity, and livestock 
quality has to be linked to high management stan
dards. 

Research is still required on specific components, 
but development must be considered on the basis 
of the complete hill farming system. 

LAND USE 
The object of any multiple land use strategy is 

to make the best use of physical aniid economic 
resources for the betlermenl of local and national 
well-being, serving both the prevailing economic 
and social needs. In Wales there is Particular empha
sis on curtailing or even revelrsing the drift of young 
peoph away from the marginal lands (Welsh Coun
cil, 1969). For most hill country, the basis of such 
a strategy is it viable, efficient agriculture. The need 
for a rationale with forestry, lerea tioiwaterstorage, 
and tourism is as well recognized as the need to 
balance the loss of good quality land to industry 
and roads (500(10 ha per annun) by improved 
agricultural production from underdeveloped land 
(Econ. Devel. Comn. for Agr.. 197:3). 

While technically a very hligh proportion of hill 
land can be improved, economically some areas 
being currently farned cannot be improve(l and these 
should he identified. Large tracts of wel moorland, 
dominated by species (ifthe lowest agricultural 
value, with less than I % of suitably sited cult ivabhe 
land, and wintering ground a long distance away, 
would seem to have no future (Agr. Adj. Unit, 1970; 
Hughes, 1970). 

There is still a ned for re(connaissan:e and( air 
surveys to enhance knowledge of the distribution 
of vegetation types ( inand soil aii improvlmennt 
land classification categories. National decisions oil 
land utilization could Ihe better founded, and dlirect 
competition between forestry alnl sheep farming 
could be avoided hy (:arefu l siting based on land 
capability assessment. Maximnm benefits can be 
derived by giving upiselecte(d areas to forestry and 
the provision of access roads enabling surrounding 
land to be improved to a state where an increased 
livestock holding cani be maintained (Roberts, 1973). 

Again, at farm unit level, basic map information 
and data from detailed studies of physical and 
biological limitations and estimated improvement 
potential will allow farm ecograms to be constructed 
on the basis of the soil/vegetation mosaic. 
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The Future 

It has been suggested (Econ. Devel. Cornmm. for 
A,'., 1973) that there is a need for ispecial govern-
nienl sludy to collect aIn] analyze data to identify 
conditiions inle' which it woulh he of continuing 
contmit: valuelto the nltioln to en(courage (attle 

and shel) product ion in the hills and uplands of 
the I.K. The latter appear to havie a reasonably 
attrac live Hlli're in the context of the European 
Eco noico uity (EEC). Farm incomes in-
criasm in the early 1970s, only to suffer a recent 
set ba:k utieto e;:(talating costs. (;iven the positive 
ill)proiath in the -less favored area" directive (EEC 
andI it iirlher inprovelent illt:(operation hetween 
farmers in the hills, iplandls and lowlands, the 
availability tof technical developments, thanks to a 
sound research and development program, could 
lead to prosperity in British hill farming. Government 
polity iavOs ian expansion in the grass/livestock
indtustry (Ctomm anId Paper, 1975), and the hills anti 
up)lantIs must (he with abe :hairgel making major 
collrihtll ion . 

'he main r'etluirement is not for more basic re-
searlth bit for ai economic nI 1mnagement frame-
X 01k Will I /ns,|173) will generate confiden cethat 

in the appl li:tIion o)f tet:hrldogit:al improvements. 
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Bob Chaplin (Mississippi, USA). In looking at your 
slides I noti(:e(d Ihat there were a few small woodlots 
anti in your (;losing remarks you mentioned forestry. 
Whit are the econoinic differene:s in production 
per ha for forestry compared to grasslands? 

Hughes. 'The woodlots on the slides were shelter 
belts. I am not qualified to compare the economics 
of forestry andl hill tarming. Those that are cannot 
always agree on the system of accounting, but all 
agree tHI tavrest rates are al essential consider-
ation. Bearing in mind that most of the land I 
discussed is suitable only for the production of soft 
wood for paper pulp, the return per ha would be 
heavily in favor of sheep production on farms with 
a plannd land improvement program. 

R. E. Blaser (Virginia, USA). I was very surprised 
at your report that nitrogen fertilization deters winter 
survival. Indeed, we find the reverse even ill very 
low temperatures withi lolum. pea5s. and manly spe-

the very sound principle that oncies simply based 
respiration, that is, cell division :!nd expansion, is 
very low during cool periods. whereas photosynthe-
sis is very high so soluble carbohydrates continue 
to build even with autumn and winter N fertilization. 
This autumn and winter N fertilization is the hack-
bone of the turf program and in forages it's an 
excellent procedure to accumulate forage in situ. 
On the other hand we encounter winter kill in the 
summer by using too much N. especially in the spring 
season. I was wondering what principe is involved 

when you get winter kill, since at temperatures much 
lower than yours, we don't. 
Hughes. The principle is based on the particular light 
regime you have during crucial periods. In our 
autumn and winter, light is a major limiling factor-a 

mere 70 cal/cm /day. To evaluate the winlering 
ability of grass breeders' populations we apply heavy 
nilrogen and allow growth to accumulate. Following 
defoliation in the autumn when these grasses expand 
their leaf surface then they're virtually using all Ihe 
photosynthates to (d0so and there is nothing going 
down as reserves. This is very liargely why we do 
have this relationship between high N input and 
winter kill, despite the fac:t thait our winter tempera
tures are higher than yours. 

Gus R. Douglass (West Virginia, USA). I note in 

your di,;cussion that von made no mention of chemi
ciil weed control or use of herhicides to control 
unwanted species. I wondered what your thougts
were in reference to this? 

Hughes. h'le oalv plie for herbicides on our hill 
farms is as a lre-Ireat ment prior to upgrading the 
botanical composition and feed quality of native 
vegetation. Their use will be discussed in New
boutld's paper later in the conference. If you want 
to invest in 'tich an input, the crucial fieatiure is 
whether any incr ase in output is sufficient to justify 
it. In those lerms using cheinicals to control sward 
comnosition after sward impr.ovement is a very 
doubtful proposition. 

2. 
Situation and Trends of Hill Land Management in 
Central Europe 
G. Voigtlainder and G. Spatz 

Lehrstuhl fur Grunlandlehre der Technischen Universitat Munchen, Freising-Weihenstephan, 
Federal Republic of Germany 

Demarcation of Hill Land 

The hill land regions in Central Europe mainly The uemarcation of hill land in the different 
consist of the German and the French hills and the countries is not standardized. According to a law 
Alps, which politically belong to France, Switzer- dated 23.6.61 the French hill lands include commt
land, Italy, Germany, Austria, and Yugoslavia. Look- nities which have more than 80% of their area above 
ing at Europe as a whole from the North Cape to 600 m above sea level or which have differences 
Sicily, these mountain regions are located in the of not less than 400 n between the highest and 
southern part of Central Europe. the lowest point of cultivated area. Neighboring 

8
 



communities under similar conditions can be excep-
tionally acknowledgecd as hill land even if they (o 
not completely fulfill Iihe requirements. So, in 1962, 
4263 communities were acknowledged as hill land 
coinniunilies, 1165 of which were in the alpine 
region (Rintelen ot al., 1973). 
;"ly has siinilar regulations; 80% of the communi-

ty area must he al)ove 600 in aiiove sea level, hut 
theidifference in altitude must be at least 600 m. 
Exceplions ar(e possile as in l'rance. So 3971 com-
munities helong to the hill land region, roughly half 
of them located in the Alps and northern Italy 
(Rintelen W aW., 1973). 

In the Federal Republic of Germany an altitude 
of at least 500 in ahove sea level and] a slope of 
more than 25% are requirel. In addition, extreme 
conditions for climate, soil, marketing and traffic 
are also considered. So 156 communities belong to 
the hill lands in Bavaria (Rintelen el W., 1973). 

The alpine regions are only of minor economic 
imlportance for Germany, France, Italy and Yugosla- 
via. For Austria and Switzerlan(, however, they 
represepI the central region of the state. Compared 
to France this is demonstrated hy Ihe following 
figures (Tabhle 1). 

TABLE 1.Percentage of hill land area and 
corresponding population in France, Switzerland, 

and Austria 

Iill
l.11d 


our~ o;,1"fTolal.\ea 'of Iopulation 

Sw i I,.rli i 
4.11

5%.5 
2.1 

14.9 

66.0 32.0 

ilohi. 1971) 

Situation of Hill Land Management 
Although lhe economic and structural differences 

among the hill regions in Central Europe are ex-
Iremely large, one can say that in Ihe past they have 
been titilized agriculturally as much as possihle and 
necessary. Especially during periods of crises and 
wars, areas with lower proluctivity were also uti-
lized. After World War 11the economy of the coun
tries mentione( went through a boom, which showed 
different rates of increase, btut also offered possibil-
ities (f income outside agriculture to a larger extent 
than hefore. 'he salary thus ohtainedl was soon used 
1isa guideline for further land utilization. 

At Ihe: same liine workers steadily left the farms, 
the (;osts increase(l and plant and animal production 
was intensified by neans of (: ,mnistry, technology 
and(engineering to an extent never observed before. 
This trend to increased agricultural yields could not 
be followed for a long tine by most of the farms 

VOIGTLANDER AND SPATZ 

in the mountain regions. Extreme slopes and alti-
Itides, small farm units and splitting of ownership 
limited the is(of labor-saving machines; especially 
low production potential inhibited sufficient financ
ing of production increasing means because of rough 
climate and poor soils. The changes in profit of hill 
farms compared to low plain farms with high yield
ing conditions from 1959-62 to 1966-69 in the 
Federal Republic of Germany are demonstrated in 
'Fable 2 (Rintelen el al., 1973). 

The same conclusions can he made from French 
investigations. Comparing the mountain region of 
Beaufortin with three low land areas, the results, 
demonstrated in Tahle :3,were obtained. 

Only the following criteria showed hetter results 
for the hill land farms: fertilizer cost' pr:'.ha agricul
tural area (a.a,), costs for bought-in feedstuffs, indi
rect costs and charges on real estate per ha agricul
tural area. 

Because of the decreasing profits many far;-as in 
the hill lands have already been given up. In most 
cases these were smaller farms. They had been 
atilized as part-time farms from the beginning, or 
the owners had no chance for subsidiary earnings 
and therefore had to look for jobs farther away, so 
that part-time farming was not possible anymore.
The ahandoned areas became fallow land. Only to 

TABLE 2. Reduction in profit of hill f,.rmscompared to low plain farms with high-1ielding 
conditions (=100) from 1959-62 to 19i 5-69 

(Rintelen et al., 1973) 

,'vraw in Agric:ulluraI Arov Arithn. 

the Years Up to 20) ha 20-50 ha Above 50 ha NIcans 

11)50-W, 
i66-69 

Ruulm:imn 

70.4 
59.2 
- i.2 

77.5 
71.,1 
-5.6 

59.2 
57.11 

-1.4 

6.0 
63.0 
-i.() 

TABLE 3. Comparison of hill farms with farms in 
three plain areas in Savoyen (Veyret, 1973) 

Rtlt iva(,rforn,01:e in (lil 
Critirino Land (Plain 100) 

ryar It1-95A\'ralgv inkik yield /cowyt rm 

(;russ muulmi
per ha iigri:ulhnral 
arva 59-75 

Milking cows per laIorer 65-90 
Milk yield. kg/laborer 62-74 
Gross ouipui/lalborer 54-71 
Agricultunra in:ome/ha a.. 72-111 
Incouin/lahorer 56-79 

Working capilal/ha ma. 67-75 
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a small extent were they utilized hy neighboring 
farms because manifold difficulties which varied 
from region to region opposed independent forna-
tion of larger farm units. The fact that fallov lands 
are first found in smaller farms has been demon-
strated by Wiirfl (1976) in the Rh6in hills (Fig. 1). 

.. 


4040 

forms 

3 utiIized o.a. 


30 30 


20 fl- 20
II 

/ II 
IH[o 



10 S] 

II 
1.0 3.5 S 10 25.C 


Figure 1. Number of farms with unutilized agricultural area 
(a.a.) and the percentage of total a.a. in different farm-size 
categories in the Rhon hills(Wurfl, 1976). 

It is hardly possible to foresee the extent of those 
areas which in the futuore will not be used agricul-
turally anymore because of the unpredictable politi-
cal and economic impulses. In the Federal Republic 
of Germany for instance this has meant 300 000 
ha since 1945 or 2.2( of the total a.a. Up till 1980, 
Menzinger (1974) expects an extension of fallow landl 
up to 500 000 ha. that is 3.7( of a.a., whereas up 
to 1985 one expects 1.5 million ha. that is,11.2i7; 
of a.a. However, fallow land is not only located in 
the hill areas, but also to a considerable extent in 
the plain with unsuitable farm structure, on poor 
soil difficult to cultivate and with Fuitable income 
possibilities outside agriculture. Basically, one can 
differentiate three kinds of fallow land with specific 
causes for development, according to Steinhauser 
(19741)): 

1. SocialFdlow: Areas which could be used agri-
culturally because of their natural conditions but 

the owners of which make money outside farming 

to impro e their social and economic situation. 

2. StructuralFallow: Areas with suitable natural 
conditions abandoned by existing farms bet:ause size 
and location do not permit a profitable agricultural 
utilization and because structural deficient:ies can-
not be eliminated except with relatively high input, 

3. Marginal Soil Fallow: Areas with unsuitable 
natural conditions, where iagricultural utilization 
under the present price-cost-relations is not profit-
able anymore. 

In the hill lands almost exclusively marginal soil 
fallow can be found. On the furth(r management 
of these areas only general proposals exist. What 
kinds of denands are postulated by ecology, land
scape and tourism in respect of utilization and 
management of fallow land in every single case can 
only be deterninvdt by investigation of the function 
of single parts of the landscape and by arplanning 
concept for th1w total region. 

Future Trends 
For utilization only three alternatives exist: (1)

natural development without any substantial activi

ties by man (go,ided succession); (2) afforestation; 

(3) extensive landscape utilization anti cult ivation 
(to keep the lantdscape open). 

The naturaldevelopment of vegeaion on different 
types of fallow land is in some cases permissible(Bauvr et al., 1975), however, innmostcasesaitcertain 

amount of cultivation is necessary. For instance,mowing of d.ry meadows every fifth year to preent
the regrowth of forest, or extensive grazing of heath 

and (try grassland to maintain the rare xerophil and 
thermophil flora and fauna. The fallowing of wet 
meadows, generally accepted as suitable, without 
activities by man might also )ecome a problem with 
regard I estheti,: aspects if, for instance, plant 
communities rich inl Filipendula ulnaria and pool 
in other species developed. The natural tevelo)ment 
of fallow along the hanks of rivers and lakes and 
in the periphery of forests is very desirable. But 
here too it is not possihle without guiding and 
forming manipulations if one has not only ecological 
but also touristic aims in mind. 

Total afforestingof all areas abandoned hy farmers 
cannot be accfepte(l. A forest percentage of 60%, 
and in some mountain regions op to 70%, is consid
ered as the upper limit for forest in Central Europe. 
Since the forest percentage in the countries men
tioned is still essentially under this limit, that is, 
30% in the Federal Republic of Germany, the increase 
of forest is still tinobjecttionale although the large 
regional differences and demands have to he consid
ered. The afforesting costs however are c:onsideraile. 

The closer you get to the upper forest boundary, 
the higher the costs are, until afforesting becomes 
completely impossible. 

le ar
range(] by agricultural utilization but also hy mow-

Extensive managenelt of fallow hlnd ocani 

ing, mulching (leaving the mowed material on the 
field) or herbicide application. For an extensive 
utilization the conditions and the potential yieltds 
of these areas are very important. Full-time as well 
as part-time farming is suitable. In order tio(o 

full-time farming successfully by exteisive means, 
large enough farm units either have to be present 
or be created. This can be achieved by pur:hase, 
rent or cooperative farming. legislat ive steps 
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towards an improvement of existing iaws for rent sheep farming offers the best chances, thatand c:onsolidation of scattered holdings are of special 

is the
lambs not used for flock replacement are sold forimportance. If possible, consolidated areas of more 50 DM/lamb at an age of 1-2 days to specializedthan 100 ha should l)e formed. Quadflieg (1971), fattenning farms. Under these conditions 500 ewesfor instance, recommends 150-200 ha for profitable per iarm (800 reared lambs/year) per 125 ha cansheep farming. Zapf (1972) considers areas of more be managed by 1.5 laborers. If this farm is providedthan 100 ha grassland as necessary and Andreas with buildings and machines, it is true that a profit(197:1) uses 100 ha and 3 000)starch equivalents (SE) cannot be made, but the farmer can make it withper ha for his model cal:ulations. Steinhauiser a support of 150 DM /ha. In (;ase of construction(197,1a) also calculates with 100 ha for a highly of simple new buildings 225 DM/ha are necessary.mnechanized farm specializing in combine harvest- Based on 150 ha, 600 ewes, 900 lambs and 1.5ing. Part-time farming on arabll land is especially latorers, the support amounts to65 anc 140 DM/ha,suitable for smaller scattered plots. This typ. of respectively. Under these assumptions sheep farmfarming requires an efficient and well-functioning ing is by all means competitive against mowing andmachinery cooperat ive. mulching which costs between 50 and 300 DM/ha.

Utilization of Arable Fallow Land This is especially true for difficult locations, likeArable farming is especially possible in the hills, steep slopes and stony or rocky soils. Eckl (1976)in the jura, in the French "massive centrale" and calculated the supports for hill land managementin othern moontain regions with suitabhle slopes Ind depending on the number of ewes per farm and 
high plains. Provided one laborer (2200 man- on the equipment with buildings and machineshottrs/year) car t farll 1(10 ha by combine harvesting compared to landscape management by mulching(St iidhausrr, '1974a), a net return of 16000, DM/ (Fig. 2) and differentiated three types.

la borer/ year c(;al be achieved taking into account DM/ ha A

the present price-cost relations and a yield potential 
 700 
of :0 (it cereals/ha (the commercial salary was DM
 
'16000 in 1973). Since 30 dt/ha can 
 be obtainedin hill areas suitable for cropping by means of good A 

T B 
c
mechanical technology, extensive crop farming 600 •  2.5 ewes/ha
should be possible without lany governmental 3,0
3.......
support. For part-time farming on scattered plots 3.5

:j5 dt/ha are necessary for achieving a parity income A .
of albut 7 IM per hour. 500 \
 
Extensive Grassland Management 


A"
Ixleisiv: mianagenment of hill grassland is more


difficult. 
 For this lype of fallow land especially the ""'" 
labor-and capitil-si'ving methods of extensive cattle- 400
 

and sheep-farning aire suitable. Under special
conditions, for instance if agricultural utilization is %
not possihle Iecause of the location of Ihe plots 300 .. Aand lack of farms, certain cultivation methods, like

mowing, mulching and application of herbicides are 
 A 
of inlerest. 

The organi'zation of grassland management in hill 200 
lands is to a considerable extent determined hy the 
quality of the location. According to Steinhauser(1974a), three locat ion variants :an be dlifferentiated: 

1. Sheep farm:ng on large co!ISolidatelgras'slandareas 'ith low fodd,,r produitivity. The net yield 
100 

. / //// /[/*(/',///(If such areas is asstimed to he roughly 500 SE/ha.
For this type melhods of sliepherding are particularly
suited. Although nigratory herding, as in southern 10 L 
Germany, still plhys a certain role, local shepherding 200 300 00will reach a greatler imortance inithe future. In ewes per farmthis case a shepherd, living in one place, moves
around in the neighboring regions with his own Figure 2. Supports for hill land management with local shepflock. Since for lamb fattening the fodder quality herding compared to mulching by leaving the mowed materialof these pastures is not sufficient, a more specialized in the field (Eckl, 1976). 
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A: New machines ard builings have iibe hought. DM/ha 
Plots for wintter fodder have to he rented. Sheep farming 50-225 

B: Builings inl machines are available, hut on- Mowing and harvesting 150-300 
tail permament (hepreciation. Plots for winter fodder Mulching 50-100 
are available. Herbicide application 200-250 

C: 1Buidiigs are availlible, ciannot hee used other- 2. Management of larger consolidated grassland 
vise and do riot cause depreciiation. Capacities for areas with betterfodderproductivity(net yield ahout 

ma(:hines and areas for winter fodder are availahle. 1800 SE/ha). With increasing location quality, local 

Fig. 2 shows that farms of type 13witih 400 ewes shepherding and mechaiical cultivation compete, 
and different slocking capacity/ha can be (:ompeti- with extensive methods of cattle farming like cattle 
tire to iniilching. [or type C the situation is even hoarding, rearing or fattening of heifers and stickler 
better. However, these farms aret so-called dying cow herds. Thorough calculations show that on 
farms, which probably 'willrot be oeratled .n the locations like this cattle farming is superior to sleep 
future. Type A with 400 exxes per farm is not farming, taking into account Ihe saie production 
competitive at ;ll. At least 5)0-Wi() w-es are required technology. Rearing of heifers and :altle boarding 
to reach the range of uulchin, costs. Eckl (1976) can even lead to (:clronal(: sur)luses if huildings 
assumes that mainly type B will he prestnt in 1980. i re available. If, hov(wer, for the inanageinent of 
For this calculation no interest for buildings. ma- grassland areas with cattl, r, huildings have to 
chines and tmulching eqimimt is taken into a:- i)e constructed, considerihle subsi(ies would he 

tounlt. I.nUl hr t.miditions with achieve ofl best, shep firming necessary to) at net return 16 000 DM/h
400 ewes petr furm is competitive with mulching borer y'ear. Furtherlhetils itre in Table 4,based on 
(Fig. 3). calculations of Steinhaliser (1)72). 

Dependiegon thtnuturA1 cnlditions, the size of 
the mana~ged at'uis aid the iassunw(i )ruduction 3.J'kunagetmett of sinaliet ,prasslamulplots with 

armeing. Ilitechnology, th, calc:ulatUd sts for fallow tneveragl- good hilhr pnduoc-tns sal p 
several hill land locations smaller plots are tilized
mnent vary considerably. According tu different ,m-

t i!:bys te paddocking of sheep. IHlowever, if one wants to 
achieve a net return of 7 M p)er man-hour from 
sheep firming as part-time farming, under practical 
con(litions ininageinet supol)rts of at least DM 
300/ha (Steinhumser, 197-1a) resp. 295 D M/ha (Eck, 
1976) are necessary. Paddocking of sheep, however,DM I ha 

500 Type B 	 is olik suitable f'r cult ivation (f landscape; with 
-- - 2.5 ewes/h 	 special limituiuns because the required fences limit ......... 3.0
 

.50 3,5 	 the tourist's way. li addition, paidmcking requires 
an intensification. biojus otherwise the (costs for 
the fences become too high. Since by this method4.00 
only small areas with relitivuly high souppmort s per 

350 \ ha can be managed. paddo:king of sheep wx'ill nlot 
)e considered fturther. 

300 - .Comparison of the Different Management Systems 

Consid(ring the figures ind ci hul;itions tnra250 
tioned above, the (lifferenl mlethods ial Ilie eyvulumateid 

200 - as follows: In poor areas sheep are the most suitable 
,".. ~ animals because they are aide to utilize lox quality 

, forage, are resistant to diseases, and can tolerate150 / 
/ n [Cuhing /, //~adverse climiatic conditions Ili iaddition, they are 

100 -able to move! inl large clifficilt areas and to select 
- , " the most suitale fodder. tHowever, inl case! of a, 

so -stocking rate that is too low, sheep grazing has to 
be couniineld with o:casional aftermowing. If buil

0 - ings are availabl, sheep farming is sulerior to 
mechanical cultivation. If new buildings are neces

200 300 4.00 sary, sheep farming can only compete with iechamui
ewes per farm ;al cultivation by applying very good production 

Figure 3. Predicted supports for hill land management with t:chnology. Wili increasing quality of location the 
local shepherding compared to mulching in 1980 (Eckl, 1976). extensivi; methods of cattle farming hecome more 
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VOIGTLANDER AND SPATZ
TABLE 4. Subsidy required and surplus, respectively, of management per ha fallow of extensive cattle 

farming (yield: 1800 net-SE/ha) (Steinihauser, 1972) 

Kinloof FiIning 


RIva ng (if hvifvrs
1l Slinris/farm) 

,tltujiv i f h e flfesni r1.5 i1hrs/rm) 

h j l !y(.o w ith-uc w hord s 
se;inj o,,If tlh!Sion-'ce 

C,1.5Iiohrs/,'mim 

G(1i14. huofj-dng"
( nrl'lilofrmlllinlg)"' 

Niilnihrof ;ow s. 

Irodhiced 

llits/year 

M,11h,ed
iallow 

Lamni ha 

SuIlii(y(- 5or Surplus ( + )
l)M/ha Fallow Land 

Old IhiIgs. Nmw Ildg:. 

(0 70 0to -30 -275 to -325 
(15 ("35 -100 to -15(0 -300 to -35 

o 

95' 115 -150 0t-200 -400 to -450 

200" 60 1-50 to +"1(0 -25 to -75 

tril ng gr,izin seas, m (5 months) (ill( Iabore+r is availail for the animals (income iO3)O,- I)M).
Nutuvi if mimials. ,I (Col'lanl"Inlsionsvih, 

n0(mote competitive. With available huildings anel retourn surplu s of 50-100 DM/ha can he achieved
by ;ttil:e boarding as parl-time: farming. Rearing ofheifers requires only low management subsidies andis then aiso superior to sheep farming. Stickling :owherds are evalltated differently. Whereas Stuinhatiser 
(1972) found theim in last place"! amtlong the differenttypes of t:atle filrming, Andreae (1973) :onsi(dere(l
themn to he in first place wilh regard to output per 
untit ofiarea antidto prottcltivily (of libor. This mightbe tItte to differeit hasit: dalta; however, it alsot showsthat oily a fev w(el-founded r(esUlts exisl in this
fi(1. ll ahinycas. tl itltilolit of stppotrt reqitiredl
it;cr,tses s(1Vte'ely if'new filllls hflal(
to bulit,()tctlrse st'verdl mi.ttril ,foi(ic

sut:h as (litnlale nll(d sillary costs, have 


iind e(+tCI ctndilins, 

Ithe :nsitl-11rmyh. Tlle resttlls of (;:;lt (1975) (hmnstrtth, thiatby vatriliiin (If Ihese two influtett-iti fitctots tlh( 

r -li\ !sttple ritrity (If s cttk ling cow hie ds aga in st 
tthlching ca I)re:velsd. Figs. 4 anld 5 show

1t(tmer s utitIi e climnatic cor litiois catile farling 
that

is 
sulperio r, w hereas t lun unsuitable t:lim atic cond i-er 
lions tnechanical ctltivai)ion is stu erio r. Increasing

i;thtor costs favtor the nechanical intylhods because 

Ihe llecessi y labor inpul is lowvr ihallthat necessary 

in (:a t le farl ing .So far Ihe possible antid existing developments of 
hill la d I tia getnier t have h e n Xention d. Other 
possibililies, such as hol)y-agricilttre, horse farm
ing, deer parks, andi fishing lakes have intenlionally[lot hueein dhealt will. 

Prospects of Hill Land M anagem ent 
lip (titil now only few\ farmers work as full-timefarmers on fallow hill land. 'lhe still existing farms 

are also operahted parl time to i large extent, which 

is very difficult to quantify. In order to create farmunits large enough for full-time farming, partlyinsurmountahle difficulties exist: (1) scattering ofholdings prevents the formation of larger farm units;(2) the experience of two world wars prevenis selling
and long-term renting of agricultural an( fallow areas 
at economi(: conditiotns; and (3) legislative and planning guidelines do not exist to determine the futureutilization of all areas in the hill lands. By this fact 

DM/ha 
+ 160 

U 
Z 
-,
 

120 

cow 
herds 

1 
80 mulcing 

1,-,MI 

m ulching 

5 -ulcing 

s , o w 
40L 


herd 
S eN 

6 8 10 0C 
daily mean temperaturex) s e te p r u e 

x) mon-hour 
Figure 4. Influence of climate on the costs of different kinds
of hill land management (Gekle, 1975). 
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DM/ha 


280 
sucklr C0* herds 

0 cc 2000 SE/ha 

. 2.0/ 
cc soo SEth,, 


200 -

'c Sells 

16 

120 
cc 1 dt, ,h 

TO I 
80 .. . ...... 

I________ -~ 

___o_-_is40 

0 -J- _ 

10 15 

labour costs (DM/man-hour) 

-40 

Figure 5. Influence of labor costs on the different kinds of hil 
land management (Gekle, 1975). 

the reallocation of land on a voluntary basis is 
limited, 

In this stage of uncertainty all governments intend 
to preserve the existing full- and part-time managed 
farms by subsidies as long as possible, especially 
in places where no jobs outside a-riculture can be 
created. This is most easily possi ,e in traditional 
tourist regions, where the combination of cattle 
farming with tourism has proved to be viable. The 
recession of the past two years also contributed to 
the decline of farm abandonment. 

As a result only the poorest areas on steep slopes 
and high altitudes have been given up in the German, 
Austrian and Swiss hill lands where efficient valley 
farms with intensive cattle holding are nearby. In 
this case enough cattle are available for utilization 
of the alpine pastures from June to September. Only 
where the farms in the valley are too small has 
farming been given tip completely and along with 
it, alpine cattle keeping, unless transport of cattle 
from more (listant places can be organized. 

The most difficult situation can be found in the 
hill regions, where tourism has not yet been estiab-
lished or exists only to a small extent. This is also 
true for the hilly regions of Austria (Plank, 1975). 
In these areas the inhabitants depend on jobs outside 

14 

agriculture. Some have jobs far from their homes. 
Whether they return home daily or o) weekends 
is less important for the land management. This ismainly done by the women or the children and 

therefore farming is frequently given up totally. In 
these areas planning of the future land management 
by extensive cattle farming, afforesting or quided 
distribution of fallow land as so called ecological 

is of special importance. 

Conclusions 
A planned management of hill land is definitely 

necessary for a balance of ecology, water manage
ment, structure of population and tourism. It requires 
legislative and national planning steps to guarantee 
an optimal distribution of agricultural areas, forests 
and fallow land with special consideration of all 

re levaniit demandls. o l 
As long as uncertainties in this field exist, there 
justification to maintain the still existing full-time;anti part-tim, managedl farms by subsidies and( to

promlote the different kinds of extensive cattle farm

ing. This is the best way to create land reserves 
for periods of crises and to avoid wrong decisions 
by afforesting al the wrong place. Fallow land, 
excluded from afforestation, is also to be tolerated 
because, it can be desired on the one side and on 
the other side can he utilized in another way at 
anv time if necessary. In any case it is clear that 

any kind of hill land inanagenenIl has to be supported 
financially. On the amounts of subsidies which are 
required for the different kinIs of managemenI, 
definite lroposals based oil several investigations 
have been made in Central Europe. Of course the 
costs per ha are not constant but vary with every 
change of costs for machines, means of production 
and salary. Therefore the calculIai tions have to be 
steadily updated, in order tIotake into account the 
common interest, and the interest of the manager 
as well, to utilize an(J to cultivate the hill land areas. 
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DISCUSSION 

G. Jung (Pennsylvania,USA). Please Comment oil
 
how you go ahout getting the support of legislators
and whether you have found it difficult or easy toget lhe legislation you isfeel necessary for wise
land use nlnagement. 

Voigliander. It is not easy to obtain subsidies from 
the government, but the situation could be improved
if the public is more fully informed.In any ase thorough regional planning m ust be 
developed. For this purpose, new laws are necessary.
This 	would enable the farmers to decide whether 

preferable cooperateit is to with another farmer,to lease or to sell their land. Until now little work
has been done in the Federal Republic of Germany
except in the province of Baden-Wfirttemberg. Onlyon the basis of obligatory structure and landscapeplanning a greater mobility of land will be secured. 

Then we shall have larger holdings which are necessary for the utilization of fallow land. At present,the owners of the numerous small farms neither are
inclined to cultivate nor to sell or to lease theirland 	 because they feel that they 	might need it in
the future. 

3.
 
Hill Land Use in the United States
 
R. M. Davis
 
United States Department of Agriculture, Soil Conservation Service, Washington, D.C., 
 USA 

West 	 Virginia is an atpropriale place to discuss 1800s-no one would have quarreled with suchhill land. People hurelIave adapled to 	 ana rugged observation. But in the twentieth century it hashandscape. They have faceo the challenges that living become understood that hills and mountains areinthis kind of country can present. They also have much more prone to decay than gentle valleys. Hillenjoyed the ad vaitages of hill c€ounlry living, where land 	must be protected against erosion after cultivathe quality of life ill sole respects is more satisfying lion ... reclaimed after mining . . . and replantedthan 	in other parts of the Unitel States. after 	timber harvest.hi one sense, hill land reseml)les most other kinds Let us look at soei; of the majorof land. It is a basic natural resmirc,. It is available 	 hill land uses
in the United States, and at how hill land-a nationalin finite quantities. And demand for it is growing, land resource-:an be protected.In another sense, hill land is unique. It is moredaptal)le for som(e uses 	 than for others. Yet it AGRICULTURE REPRESENTS THE MOSTreqluires sorm(e very special kinds orf care. [low it SIGNIFICANT USEshouhl be tended depends largely upon

used-for agriculture, 	
how it is At first glance, this may seem incongruous, since 

or forestry, or a corn 
mining, wildlife, recreation, inany characteristics limii the potential of hill landation 	of these, for use as cropland. Its slopes may 	 be too steep.An American author, Nathaniel [lawlhorne, wrote Its soil coverthat 	 "Moontains may be too rocky or shallow. It mayare earth's uindecaying monu- tendmerits." When that was 	

to erode easily under cultivation. But cropswrilen-in the middle are grown on this land-and grown very extensively. 
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HILL LAND USE IN USA 

Why plant on such land? Generally, because it 
is profitale t do so. Potato farmers Maine achievein 
very good results on sloping lands. Wm.al yields 
in the hilly Palmuse country of Washington. Oregoln, 
and Idaho are among the highest in the world. When 
it becomes profitable to farm a given It of hill 
land, the chanices are that it will he farmed. When 
it becones vital to illcleds( production of food and 
fiber to meet worldwide demands, the challces are 
thait more hill land will be farmledi. That is the 
traditional demand-suipply formula, and it is still 
operatin g. 

Although popltiltin growth in most of the devel-
ol.ed countries huts dropped close to the rlplacemenlt 
level, populillols in less-developed cotunlries are 
growing ill ates I)witer thin 2.5". 'tl,il worlid 
population has alreadv pvassed 4 billio and may
climlh to 7 billion by the end of this ctnturv. Not 
all of these new arrivalls or their nalitios will he 
able toprovide all neede'd iod. i:lothiiig, and shelter 
for theniselves. So, the t'niteid Stahs. which already 
sends harvosts froim :3 iout of ivt'rv 1( hi 1o fu,'rign 

milerk islll;I ,v chl l.] upi th)pr vidl, ' in limnie 
C011111f'rlirci odld fot-aid exports.

At preseint. these I'pIs :llsi.,t l of wheal,(rgelv 
other ciereAl gr,ains and soyh ,,ns. Hut shipmn-its of 
red mial products are Also rising as p,,ph'jl Incrme 
miore affluen nd clliau their nutritionnal levels, 
Even now. the one-third of the,world's poptlation 
residing ill developed intios isis almost its much 
cereal for livestock , the, other tw,-thirds offeed 

the world's inhabitatls (istil (directlv aIsftmd. 

This potential demindl for red met( cmld push 
more hill land into (gricultu'. since such lid can 
be adapted far more e!asily for lasture or grazing 
than for cropland. 

Where irrigation is n.ecssiiry, it can pose a prob-
hem. Water naturally runs mrer readily off sloping 
land. At certain lmcations ill southern Cilitliriiia. 
sprinkler irrigation oir drip irrigation syste.ms hove 
been incorporated into eChniqtu.,s for growing ajvo-
cados and citrus prodltis on land that slopes up 
to 70 to I";,. This tImChnique moistens only the irea 
imimediuitely arotlind the pliant. It not only collserves 
water, but also reduces the nieedl for leaching the 
whole field in order to lower salinity, 

Other methods may be adaptable for specific types 
of agricultural problems, is will be outlined la.ter 
in other papers llthis symposium. 

But whether lhe land is used to ra ise crops, forige, 
or livestock, it needs careful conservation atthenion. 
Any American who wishes to put his hill Iand into 
farming can get help from the 1J.S. Department of 
Agriculture's Soil Conservation Service in protecting 
his soil and water resources. Among suggested 
conservation techniques are several forms of con-
servation tillage, including no till. Such approaches 
reduce the number of times that farm machinery 

must be driven across the land and keep a plant 
cover oln the ground for longer periods. These meth
ods also permit more efficient cropping on stheeper 
lands. Some good studies using these techniques 
have been conducted in West Virginia, for example. 

Mining 
Mining is also a significant activity in hill country. 

It gives every indication of growing in importance 
in the ilnmediate futlure. Allong the minerals and 
metals extracted from America's hill lands are coal, 
petroleum, natural gas, and uraniUmil. These energy 
resources iare in increasing denan(is hdomestic
 
energy usage colltlnies its upward spirll.
 

Thus, the IJnit!d Sltates us well as other countries 
cill eXpect ia conci'd effort to step tip cIal extrilc
tiol, even as explorlioll is intensified to find new 
Sourl'Ces Of peitrldetlill, lllturall gas, iand Ill umiillii. This
 
translates into further large-scah distIluibnc'-soff hill
 
land, illnch o which is cuirrently 115l1 its crpllli
 
i'grassland. Projected (nergy dem,ind in,i isill
 
in strip niii ing oin more than2 nillion ha ill tie
 
lnite ilStaltes tiin Serviceby ltntO. The Soil (;oiser'ui 
is deeply coliwerle[ ilbollt the omssibh ,llenvirl
n ldeand a1gricultural conseqtio llles of this dlevel
opilllnt. Our ilntere-st li-s ill Issuringithilt r[climthlioill 
is included in develhpnlent plils-that strip-llniied 
land will be returned to i condition suitalble fillr 
miore wrpnrmaIllt ise!s. 

'the federal golVernmn is ll oneillill this coii
cern. Local citizens, whose lives huive been inniedi
ately ffe by) mining ()pritiills, share it.lI 
normiIl year. West Virginii lealds the coutr in coli 
producti l i Ililes iblomt 20"', offtile [U.S. totill. 
It also l)rodii(:es ind mirkets more natural gus thin 
any other stale tuIiist (t the Mississippi. 

Other arf;as of the comity-fron i iwigh oring Ken
tucky to tle Norlhern t;re,tl 1lliins-Also are( 
experiemcing i push for higher coal and mineral 
production. ;teps ilremly ire Iing tiken to) alssule 
thit strip-mined lard will be recliilned. In Pike 
County. Kentucky. for eximiple, conserviationists are 
encouraging landowners to make recliniuilttin a part 
of their leasing contracts vith ;oil companies. li 
this way, landowners can maintaiin-or enhance
the long-term value of their lind. Coil companies 
can begin planning for( reclamation fromn the time 
the contract is signed. They can begin breaking 
ground and stockpiling topsoil with ultimate recla
ination in lind. 

Wildlife 
A different situation exists with wildlife anl rem:

realion areas in hill country. Many species of wildlife 
have been able to survive only by making their homes 
in the.t rough and rem(hii hill lands. Since many if 
these birds and animals represenl a special kind 
of treasure, they deserve aspecial kind of' lrothection. 
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Man himself often finds a refuge of sorts in the situation, from location to location, and from landhill c:oOntry. In the past few decades, more and more owner to landowner.people have been constructing vacation homes on In a free enterprise sOCiely such as the UnitedA meri(an hillsides. Even rising gasoline costs-that States', economics often determines land use. Whatmake travel more expensive-have not stifled this is most profitable to do is often what is done. Buturge to escape the confines of urban living, not always, for the hunian element-the public-West Virginians are well acquainted with these may he unpredictlAle. Maty people who have estab"leisure time" Visitors. More than 10 million vaca- lished themselves intioners come to West hill country become stronglyVirginia.every year, adding atlached to their surroundings. The 3 do not takesome $600 million to the state's economy. More than kindly to change, even when that change might mean400()0 hat of West Virginia laid have been set aside a higher standard of living.for rec:reation-mnainly illstate parks and forests. The extent of resource management nee(ls can.-alsoRecreation is iagrowing industry in the hill country, influence land use.alin] this growth is Water quality, for instanc;e, isbecoming stronger because of the focus of efforts under Sect ion 208 of Public Lawpopulation growth, shorter work weeks, and more 92-500. The intent of this section is to reduceleisure time. Th us, hill waterland is looking more and pollutants from all sources,nore attractive to including apriculture.more ani more people for use Its impact Villi he widespread. The USDA is assistingas park ind recreat in space. -lunters also Vill want the Environmental Protection Agency in preparinginore of these lands for preserves, refuges, and national guidelines and] policies.wilderness areas. Ideally, technologists should be able to come up

with a computer that will weigh all the facts aboutForestry a given parcel of land and print out a1formula for 
use and treatment of that parcel.Anolher imnortant activity But land use ison hill land- not yet an exact science. While a lot of data already

forestry-is closely related to wildlife and recre- areatiov:ll available-and more datateds.According are forthcomingto a 1969 report by USDA's daily-workable land iuse concepts are still beinglconiomic Research Service, 58% of the 910.6 hat formed.of land ill fil!tUited States is privately held. One-
third oif 

So far, planning-hy individuals, corporations, orthis land is forest land-mos of it in hill government-planning that considers all values-iscountry. Almost 80%,of the total land area of West the only workable key that can unlock the fullestVir-in( is forested. potential of any given tract oif hill land. As conserva-Nearly iall of America's forests are now theunder tionists envision it, this kind of planning shouldinfluence am manaitgement of man. In economic imove ahead interms, this wouldl three general stages: Identifying theiappear to iassure i continuing flow most effect use fur each tract; developing anl usingof siw logs, vener, piulVpwood, fuelwuod, aid other the conservalion lechniques that will hest maintainlimbter pronlnts. Yet forest anitnit'gemillnt needs to the lanl in its desired use: and blendingfocus not the useonly in \woold fiber lrolduction hut also of all hill lands with that of other available landson other resource valus-like wiaer, wildlife. recre- to produlce the iost efficient national mix.ation. ilnil environienlilal indI esthetic qualities. So
the iltimate use of any paircel of hill land will 
probaldy be detirrninil withinage of total land ir~ i'l((ni !uIse. a milch larger pack- DISCUSSION 

MuIiphe uses, w\'i!n together inoftot logical oLderall Bob Van Keuren (Ohio, USA).paltien, represent an (olitoinunienue for achieing What is being (lone,or what can we do about protectingeconorni:, enviriinrentli, some of theseall(other socially desir- ecologically fragile areas such as deserts, mountainable golls. In certiin instances, for exrilph, senit nieado.*s, steep slopes with very thin vegetation,igricultural isivs of land illiy be ctoirilraliile wvith from recreational uses such as dune buggies, trail
progrilnls to proivide open space. MinVy people ill hikes, motorcycles anid four-wheeled vehicle racingexpanding cit is w*ant to see sulh open space pre- and so on?slirved. Some strip illies may he iised for land fills Barry. Fron a technical point of view, there areor recrealionil development; or even relurnel to crop many answers that we as scientists and techniciansprodicl mii. 

Plluing together such 
coldh give that would help preserve and maintaina iind-tise package first fragile areas. But we are talking abouit the valuerequires answers toItwr iasic qunestions: Wlhat is syslen of the people who own those landsIhe most effective ise for a givenm tract vs. theof hill land? value systeri of thelleople who (ionot own themWhat steps shoill lie takell to maintain tlhe land and have lifferent needs. I do not see it as primarilyin a coilition to fulfill that ise? a technical problem: I see it itsone of institutionalThelianswers will likely vary fron situation to arrangements for debate about these lands, about 
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their value and about the need to protect them, that 
result in some kind of a public policy decision. I 
would see that in our system in my own organization, 
We have no control of any lands. The Department 
of Agriculture has control only of some lands in 
the National Forest System. Of course the public 
issue is )eing raised about some ef these very lands. 
I'm aware, for exanple, that in parts of the Southwest 
where feral animals exist, wild horses most parlicu-
larly, uhhate going on right now relates both to the 
National Forest lands and the Bureau of Land Man-
agemnent lands, 

I don't know of any real way to resolve that issue 
except as the public may understand what the 
proll,rns really are and help to develop public 
policy. 
Maurice Hleath (Indiana, USA). We red in the
popular press that the USDA has announ:ed thit 
popularoress on aotherA hits linnounce tht 
someone has found another 110 imillion acres in 
this country that (:ould rightfully go to grain crop 
production. This seems to nm to he sonmewhat con
trary to the teaching we have been getting from the 
public emplo ees the last thirty or forty 'ears. There 
dues not seemeto be enol'h Concern about our frest. 

d0
pasture. or hay acres. I wonder if you would conmnent 
briefly on this-where this land is coming from?Is it going to create further prohlems! In the .e 

River Valley I'm seeing latnd that was Abndoned 
a few years ago that has since been rehabililated 
with very intensive graissland livestock production 
on it. With the younger generition coming along,this land has changed hands and is now back in 
row coplproduction. I wvonder if this land borders 
row croptyprodton. woder iwho 
on this type of a movement? 

Barry. As I understand the issue y'ou have raised, 
one is the figure now coming out of the Department 
of Agriculture about there being something like 110 
million acres of potential crop lands in the United 
States vs. the traditional figure of about twice that. 
I think the concern now is why is the figure only 
110 million? 

4. 

We were involved with trying to assess how many 
acres of land are available potentially for cropland 
production in the United States. We found that some 
parcels are too small to be deheloped, at least under 
the current views, because farms are getting larger. 
Some tracts are too isolatel to he develo'jed readily 
or economically, at least in Ihbe lime we're thinking 
about. The survey did indicate that there are roughly 
about 110 million acres available for croplhndl pro
duction; the inference from this is if we have sone
thing like 5 million acres of cropland going into 
other uses each year, then in 20 to 25 years the 
amount of potential cropland \will be pretty limited 
in the U.S. There is much more land that could 
be used for (:ropland that is now in forest. These 
acreages are just not conveniently locaited in the 
right kind of settings to represent a true potential
for development at this stage. There are concerns, 
then. as to how land will be used.

You may know that the Department of Agriculture 
has issued a statemnt about the preservation of 

prine agricultural land. The Federal committee 
(Council on Enviro(mental Quiality ICEQI), that 
(leals with enviromnalm impact stltements has said 
that its new) (eevelopienltsoccur. environlmental
ptitilllliplls (s iscuss evimpact of 

impat statements are to (liscuSS the impact nmoving prime agriculturall lands into other land uses. 

In the i sesartinlt.i jn b in my agency,espec:iallly 
of all (f the ssues that have been raised in recent 
years this one has triggered the feelings of inn 
many people abot the I~resr\aticm of prime agricultural lands of the Lnited States. Interestingly
enough, most of these ]letters come from non-farmers 

are concerned about the losses of these lands.I hear farmers and many other people talk abollt 

the fact that farmers represent ,hout 2'1, of the 
population and they really don't naye inuch of an 
impact on the decision-miaking process its it affects 
agricultural lands and, more particularly, the hill 
lands that we're considering here. 3ut the fact is, 
there is a lot of public concern aboutI the future 
of these lands. 

Hill Country Farming in New Zealand: An Overview 
R. W. Brougham and D. A. Grant 
Department of Scientific and Industrial Research, Grasslands Division, Palmerston North, New Zealand 

The steep and mountainous nature of the topogr-
phy dominates the New Zealand landscape, some 
50% of the terrain being classed as steepland (slope 
> 30 ") and 20% as hilly (slope iB0-30°). Of the 

remaining 30% if land with slope less than 1180, 
only 3.2 million ha or 12% of the total land surface 
is classed as plowable. The landscape is largely a 
result of rapid uplifts in rmcent geological time 
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coupled with strong downcuIling by streams, and
particularly in Ihe south, exlensive glaciation. The 
South Island is (lminatel by It( Southe rn Alps,a barrier of hard melamorphic and sedimentary rockmountains reaching about 4000 in and flanked oneither side by lower ranges of hills of similar material.
Low land is limited to intnrmontaine basins (inoraines), alluvial valley plains and horder plains,d(ominated by the Canterbury plains built lip on the 
eastern sidle of Ihe Alps. In the North Island a hardse~dime,,ntary rock mountain chain, of lower altitu(le
than in the South Island, is again the dominating
fealure, flanked on either side by broa(I hands of
hill country formed from dissected uplifts ofrecent sedimentary rock. 

more 
The center (f thl Islandis dominated hy un elevated region of active volca-

noes surrounded bly a wide plateal formed fromthl ash of prehistoric eruptions. The low country
is limited to alluvial valley plains anti san(dy coastal
strips. 

About 13 million ha, or 500,, of the (llorntrys landsurface can be classified pastoral. The eainder
comprises approximately 0.5 millionfi ha of arablelands, i.3 million ha of forested lands, 6.hi million
flit of other nonforeste(l land (scrubl, s(econd growth,wastelands, barren lands, (:ilies, roi(Iwi(ys, 0tc.) anlld
0.4 million ha in lakes, rivers, etc. Thus more than,95;, of the country's farmed lands is (evoted( to 
plastoral fl'arming, nearly two-thirds of which is insown plaslurvs, thel rernaiilnder being nminly tussockgrasslillds(Fliciclopaediaof Nuv/,eiihind, 1l6i). 

Tb 1:1 million ha of pIastoral l nd r;an e classed 
into Ithree main categ ries ('ig,. -1).Fi"] 1i1d Rollingi (ollrr.. (Ileisive).

I lill Cuuutrrtry%(Iolh w.' dldr'Y) 

I lin (onirv (l'Ntvosivi,). 

these :tegories are 
based on characlheristics such as topgraph', elehvalion, c:linae iand esp:cially

firming pNtern, which in turn deterline in thelbroadest sense paslutre comlo)sition ' pro(lurlivity
,1n(1 stock-carrying caipaiti es,' 
FLAT AND ROLLING COUNTRY 

t\ recenit analysis (lBrougha , 1973) inticates thath 
flait and rolling coulltry comprises a landllarea of
alooll 4 million ha supporting an animal population

of hil(ilt 60 millioin eve eqluivalents. It has a carrying 

caci;iy f s ithing close to 15 ewe equivalentsper hi ant Ithe average am)rrnt of dry mlhtter on-sul (l each year' fro m each ha is ho tl 1000 kg.H'lhese animals are parl(lrnok grIze(d throughout theyea r. 

Biefore EtLropean settlenent (aronrid 1140) thevegitiion of this type of countlry in th( North Island
conlprise(d Ferillnts, Scrublands, Swarnllhds andIo a lesser extent mixed Iroad-heaf/pud(rarp forest
(/Vodocan'prs dacrj'dirln and I'. )hylloc:JIellus) and
KaLiri (Apathis australis) irit(, nortlh. Iirith( South 
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Figure 1. Land utilization of North and South Islands of New 
Zealand. 

Island prel-Eluropean vegetation comprised mainlyLowland Tussock Grasslands (FPslt a an(d oa sp.)and some mixed broa(l-leaf/podocarp forests and
Beech (Not hofagus sp.) forest (Cockayne, 1928).

Considerable areas were tIherefore badly drained.
Following cultivation and sowing most of it required
topldressing with superphosphate for successful pastore development. Present-day paslures comprise 
LmperatRLoli scis of grsses rnd legumes, especiiallyand Trifolium species which grow throughoutl the year, although showing marked seasonalfluctuations in lroductivity (Sears, 1953). For stillstanlial high levels of productiv'ity. all soils require
phosphate and It( more strongly leached soils re
quire limev, potash and some trace elements (NewZealarnd] Soil Burreau, 1968). 

H CU. 
HIGH COUNTRY 

By contrast th( High Country of New Zealand
comprises about 5 million ha and supports about3-1/2 million ewe equivale:nts. Thl-s thanmore
one-third of pastoral ofthe lands Now Zealand
supports approximately 3/ of its livestock a a carrying capacily of around 0.75 ewe equivalents
per ha. The average amoun of dry matter consulmed 
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each year from each of these 5 million ha is only 
about 350 kg. Average farm size is about 12000 
ha. 

The original vegetation of these blocks of country, 
most of which (more than 90%N) occur in the South 
Island at higher elevations wats tussock grasslands, 
suh-alpine grasslands mill scrublands. Much of it 
remains in the original vegelation of Po sp., l'estlci 
sp.. Danthonia sp., Agrostis sp., etc. (Cockayne. 
1928). 

Geologically these blocks of country derive mostly 
from old sedimentary and ntanmorphic rocks and 
small amounts of glacial moraine. Ag,,ain supe.rphos-
phate and ov'ersowing of tenperatel legumes and 
grasses is a necessary riquireentvn for improved 
produlctivity (O'Connor. 196i6). This 5 million ha 
of country, its soil charmcteristics, vegetation, land 
use patterns. potentials m(dpro)blems are discussed 
in (hetail by ('Connor (197() imd no further co-
ments are presenteid here. 

HILL COUNTRY 
The remaining 4.5 million ha of p lstorl lands 

in New Zealanko an tr classifiedi as ltill mntry. 
These blocksof iteirorv, their leerhl)ment mnd a 
(liscussion o)f their potntial for firmning., tgether 
With factors limiting or fostering tlhe attinnte 
this form the reminder of this overview.itr 

The recent3 )nlss Priiiisld v i'eerre(l.to 
(Brougham. 1973) ificutd thai: 

1. There are aboul .. 5 miilioii hi of hill country 
(both wetand (r'y) inNew Zelmdoribout one-third 
of the pastoral area. 

2. This iIreaj supports ihout :3 I million ewe e(luiv-
alents, agiin close to one-third of New Zealand's 
liiveslock p))pullion. 

:3. This is in a.'verge crrving ca p city of about 
7 ewe equivalents per ha. 

4. The average amount of dry aitter that the 
animals i:onsuime eich vea' from c,(ih of the:se 4.5 
million ha is ibout 3-100 kg. 

5. Dry hill countrv has an aver.ge carry ing (;apac- 
ity, Of abotl :3ewe !quivalents per ha and iiverage 
farm size is about 180) ha. whereas the wetter hill 
country carries about 9-10 vei equivialents per ha 
and average farm size ranges from :120 ha on less 

sloping hill country I 6(50 hi on the steeper country. 
Moist-wet I-ill Coontrv. '['his (iomprises about 

80% of hill (ountry (i.e. allproxinitely :3.6 million 
ha). Annual rainfall rriges from 1000-250t0 mtin. 

Pre-European vegetation was almost exclusively 
mixed broad-leaf/Podocirp forest in the North Is-
land, with additional areas of Beech and mixed forest 
in the northwestern area of the South Island. 

Geologically, parent materials are both young and 
old sedimentary rocks plus a considerable area of 
young volcanic; rocks in the central regions of the 
North Island. Thus all of the wet hill country of 

New Zealand requires superphosphate to sustain 
high pasture production levels, and in many regions, 
potassium, line and trace elements such as molyb
denm, copper, cobalt and selenium are also essen
tial additives for healthy plant and animal growth. 

The country is probably much steeper than is 
normally depicted as hill country in other countries 
of the world. It is this steepness that adds different 
diniensiots to farming endeavor on hill land. 

Dry lHill Country. This comprises the olher 20) 
of hill country thatis farmed in New Zealand. Annual 
rainfall ranges from iabout 350- 1000 nm. Pre-
European vegetation comlprised mainly meas of ils
so:kgraissland(s an(ls(crlil)lands with only small areas 
in forest. Geologically, parent materials are derived 
from both ,young and ol sedimentary rocks. Phos
phate is required for Ilasture growlh. though in lesser 
amoiunts than in iluost-.et hill cmliniy 
DEVELOPMENT OF HILL COUNTRY PASTURE 

Since about 189(t. largel lid(ed b goIverninitl 
policy, alm(st ill ot the ln()ist-wel hill couintry
presently farmld has been dev(loped froll fore(,, 
fern or scruh. Initiilly the understory vigehition wa.is 
cit and urnedl. (Considerilih expertist w.a devel
optl atilwhere prope'ly appli d conilleh ilestrlic

reius vegeofti ion wiihivid, result
[it) In vvery 'um' hs'listictory see(dheds. -l 1.r ,mriss 
and leguime mixtures wele sowl by hal ill the 
warm ashes of the hurn. T ' outlook from ite oulsit 
was ti dev.lop a legiiw based plsloral 'iriiltulre; 
white clover (Trifoliun repens) and Lotus sp. on 
the noist-\v'tIr coultry mil suitei'i ('T. silll c-imia 
terrwinen) and white cio,.er on the drier ciiniry. 

Initially establishment oif sown species wa'is gool 
and adeqttilth.t iuttlients fr)m0 the ash were l)rs',ut 
for good pasture growth. vlowever, tmrt i(:ilirlv in 

the higher rainfll country, this initial fertility wav's 
soo, e!xiauisted. Leguinue vigordeclined, andlIecuise 
of very polr sil1nitrogen levels grass species grew 
poorly and weeds reestablishiil. Reversin to brIa:k
en and scroll then quickly followed. 

The recluirement for phosphithv to sslain legtine 
growth was soon esthhlished (Aston, '1929; Iludson 
et J., 193:3) b~ut it wis not until lhe idlvent of aerial 
t(i)lressirg in the late 1940's thai eniigh )sl)hi 
was applied annually to hill cuintry farns to suistain 
pasture vigor (Campbell, 1949). Successful develop
ment wls only achieved where sto:k were also 
readily available to contribute tI ihe i iild-up of 
soil fertility nld to control secondary growth, such 
as fern, kanuka and ianuika, taulliu, and later gorse 
and broon. As quoled by Levy (1970), "Finance, 
labour, topdiressing, surface-seeding, the eredtion 
and intelligent use ol fences, the choice of ihe 
appropriate class of stock and its managenent, Io
gether with the will ;im energy to will of tih farmer, 
and often the farmer's wife, were all fundanentad 
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to successful conversion of forest to grass." These
requirements, applicable more than 50 years ago,are little different today and apply equally to theimprovement of iry hill country.


Much of the early research into 
wet hill country
pasture development considered Ihe use of various 
temperate pasture grasses anl clovers in relationto sowing rates and time of sowing (Levy, 1'122),
control of regenerating secondary growth of endemic
species such as bracken fern (Pleridium sp.), pigfern (lausin sp.), kano ka and mantuka (Leptosper-
mum sp.) aid tat bin u (Cdssinia sp.) (Levy, 1923;
Grant, 1966), and type and rate of fertilizing. Manyproblems have been encountered in the development
of New Zealand's hill country pastures (bolh wetan(li diry) to their present stage of prol mctivity. Mosthave ltwe n ove'rcoole Ih rough a corbllnalion of trialand error bk farmiers, research endeavor and alvisorv
officer part icipalt ion. Briefly Ihese ht\'e icluded
hiologi(,il faclors such as -bush' sickness inc:,ist'd by, dralstic stockcotppetr and cobl;lt defic:iency ill 
Irlsit e herbage, particulauly on pumice country(Askew, .939):poor inoculalt ion (if legumes becauseof ineffective strains of rhizobia in soils (Sears 

,., 1955): mljor soil erosion probhlfems because 
et 

high rainfall (levy. 1970)) 
of 

)r wind in dr' country
(,M:Cskill. 1973): invasion f' introducIced weeds
such as gors(, (/..''\ eilrtpaisls)aid brooll (CIlisls.sio.a)tits):type,anid nithials of fencing: and combi-

1Odtlioll of shep and cttle to colltrol ingrless of weeds
and optinlize ittilizatiori of feed produced.


P'bogress t a llrgep deree his bveen governed by
I:c)irrolI,fiilors aiid heir Issocktill sociail effects.
lb''hr,silthas benl thvildopl iont fri n1irglernet

t)ri:tiu's which, whit' nout 
 e'rsuring 1riximin pro,-duclivity, hav', I'Ilslrl( (c llo llic sur'vivil. S()lI,(I 1hs',hive, inicluitldfl re lced f('rciliz'r' inpuils andwied corlrlrol. oloption tissof Libor deimanding

's y- a i'" shuk riin.gel'rit'llI sYsltins throughsthpl' I iid ct1li', boidiig plans wd inalgliation
oif tir'n rltr iis. 

Illoritl'tIir,vly til- lbove! pfrs surn's hilve tendel
to C:,i ,sld i;ycli: palti'rr of,t"hvi'liiliert during thelist .10 Yv'ls. This has revsullted in iycles of weed 

BROUGHAM AND GRANT 
ingress and lowered production when financial returns have been low through to high points whereweed control has been practiced, high levels offertilizers applied, and production has increased. 

Nonetheless, the history of development of hillfarming in New Zealand has heen a, surccessful one.It has resulted in a relatively high carrying capacityfor this type of country, the highest ie(!(jr(l(jipresently is 18 to 20 ewe equivalents per ha or 4 to5 cattle per ha. These figures compare with recordedpastuire production levels of to 22 00( kg dryuI )matter per ha for stock camps, 11 000 to 13 000 kgdry matter per ha for wet hill faces and 2000 to9000kg (Iry matter for dry hill faces(Suckling,. 1959).
Pasture composition ranges from browntop (lominance (Agrostis fenuis) with some sweet vernal

(Anthoxanthoin od)ratu ), Yorkshire fog (Iloicus
lanaltus), (logstail (Cynosrus crisfafus), suckling
(Trifolium dubium ) and white clover (7. repens)
and Lotus sp. (Table 1), and a variablecontent depending onl Lolium sp.level of fertility oil welter 
hill country, to (lanlhonia (Notodanthonia sp.) dominant wilh ratstail (Sporoholus africmus), Vulpia sp.,crested wheat griiss (Agroplyron cristatuin), browntop and suckling, clustered (T. gloflwratum ) andstriated clovers (T. strialumn) ol drier hill counlry.
The contrast between shady and sunny aspect isparticularly marked in this type of country, withshady aspects more closely resem]hling moist hill
 
country pastIiie composition.


Marked impr)vements in proluctivity on hill
countryare possible. 
 Recent research (Suckling,

197 5 : Grint, personal conmunication) indicates that
carrying ciapacities can be increased 
 by a factor as 

great as 3 if limiitations of phosphate and othernutrientllS ar removed and i more uniform returnof (lung and urine of grazing isanimals achieved
through better hushandry praclices, particularly freqlerncy, duration and intensity of grazings. Markedchanges in botanical composition can be achieved
restilling in greater amounls of ryegrasses (Lolium
sp.), cocksfoot (l)a:tvis ghineriata)arnd white clover.
Pastures of this composition hiv( il longer growth
period than the nurk(dly seiasonil i:rrve of hrrowntop

TABLE 1. Extremes in pasture composition of moist-wet hill country and comparable flat land(% occurrence per 100 sampling cones-7. cm diameter) 
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dominant pastures (Fig. 2), resulting in markedly 
superior performance of animals anl much higher 
carrying capacities. 

The hypothesis being propounded is that the 
carrying 1capac:ities Of hill couIntry faris in New 
Zealand could he as high as those on flat anl easy 

eo ,, 60 rolling country. Whether this occurs will Ite almost
 
totally dependent o whether New Zealand ca
 

55'.. . ' 55 a(lopt a long-term internal plan of agri(:ultural devel
50 "0 opment in the present world climate where cost
 
: so inflation, recessions, trade barriers, political expea

45 45 iencies, and many other restrictive factors are irl
45 " ',,45
 

".. 	 dlominant and importantly are beyond the influence 
40:0 	 ,o of the New Zealand farmer in his export drive. New 

35 ,5 Zealand is more than 10", hepenicent on export of 
agriculturil products to earn (ve.reas funds. 

30 30 The data pre(sente(l in Table 2 indicate levels of 
profitability experienced by New Zealand hill 

25 25 country fariiers this past decde. Statislical iltlilre 

20 	 . presentel ina per farm basis for North Island steel) 
hill country, both moist anl summer dry. and easier 

15 .t 	 hill country. Of significance to this discussion is 

,,=,, 	 fercent on 6-year invested4.. o 	 ciip tal,o :,,, 	 . r ngefiictl'lml4.1thai 1% -o10.76"'returns w ith i1 iverage
•'S Cthe 

..... H"ILLSIDE I~wov*" v fPa -4ra g d fo .9!.t 

-P_ 	 ~ of around 6.!;,. This occurrel when investrnentWopportunities in other sectors of the economy were 

i OCT CC 	 12";. for goVernlet-aI)proved in-JU JU. AUG SEP NOV JAN rE -AP Am AI returning upIllto 
vestul,!nts and 15-20 , for second nortgage or hire 

Figure 2. Comparison of annual pasture production from in- purchase ;al)it;al. 
proved and unimproved hillsides in moist-wet North Island Rit urns oil (:apitil such is those shown in 'l'abe 
hill country (after Suckling, 1975). 2 a,"!far from ia(loeluteio to finance farm deelopment 

plans toi over-corme known ma jor limiting factors to 

TABLE 2. Production data from a survey of North Island, New Zealand hill country farms (per farm
 
average-6 years)
 

Rviluril iil 

T pe! hill Effective amra Tothl stue k tiilt ILI . liZl. (,ros., incmim . Net ilitumnr Tolall capitl" capihill" 
Year Country (hit) (ewe vqui%,l lrlls1 11111-!h(it 1i (S (s) ( ) hi)'' 	 ('",) 

1968-69 IT 753 5 f154 5:1 261-72 6 011 12111111 4.,11 
t 334 3530 334 19355 6 2 1 16 1Iili 5.311 

1969-70 tl 7:14 5 5310 .164 20(1(1 01.14:1 1:tit 571 5 .2 
:1:143 3 491 .222 21 3:0 7 377 11(1125 5.25 

1970-71 1IlI 651 5 186 .1411 27021 7351 14110 66 4.11 
H 335 :1453 . 6 215011 6147( 1151171 4.33 

1971-72 HII 647 5 15: .173 :1445 1l 133 1.15 823 5.115 
H 340 :1-13 1 .212 23 5111 I 465 121 1 101 5.50 

1972-73 1111 655 5270 .2106 52733 25 377 2174011 10.(ill 

H 350 :1fit)1 .272 41451 22 12:1 183 4 17 111.716 
1973-74 1ltt 673 5:0 12113 411512 16 271 2.191165 5.53 

11 347 3 s2o .252) :1112:111 150977 20511411 6.Il 

I 1111 r"351 


(6 yr) 11 340 3 51061 .2-18 27 411 11112 1311 71111 1.27
 

Average t 5 	 .17:1 51873 125111 1111 1i11ll 6.17 

(New Zealinl Meal aind Wool tllarild's riii Sirviti'. Shup irii!'c . l .ilrvvy.)
 
'Excliding house ild ar.
 
"Aftehr aidjusting ililili ll n iiirli i ,r iiviri,I iu lieii .
t inii iwart, 


Ill I = lhirdhill (mu rillry.
 
If= Eisietr till coinlr%.
 

22 



BROUGHAM AND GRANT
 
achieve potentials. On most farms these include: are higher income earners and thus has e capital1. The need to alter botanical composition of to farm smaller uneconomic units regardlle,s of profit,pastures from browntop dominance to a dominance becauseof ternperate the hill country is usually a nice place tograsses and white clover. This can he live. And isn't thataccmnplished through better fertilizer regimes, 

the way the early pioneers of 
more most countries that have been developedadequate stock control (fencing), and hence better 200 years or so saw it? On 

this past 
cycling of nutrienis in the other hand, socialdung and urine, resulting pressures could force governmen ls to ensure internali llbetter, fertility build-up. profitability in hill country farming, and thus sustain2. I'lh(! need to develop better networks of "on- the impetus for development and maintain the inputsfarm" roads for accessibilily and stock movement, of the last 80 years in land development, roading,and to establish better water (listri)ution systems reticulation of services and community establishfor stock waler. There is also the need to (evelop menl.better national road networks for the moreareas. remote REFERENCESR F R N E 

3. 'I'll(ne(l to control secondary growth, pasture Ask, . II. (. 1939. StnccessfilI ust of cobalt Salt for pasturepiests su(;h asporinasp. (Wiseani sp.) and grass-grub tupl.ressig i, ill, tratinni(c of slock ailment at Glenhope,(Coslytra. sp.) i ero)sion. F/or examnple, pre~sentl- /it Neidson. .\rw Zv Jand 1. Sci. and Technology 20A::315-11.Ast on. II. C. 1929. Phos thati deficiencies in the Wairarapa. Newday coss of scrub clearing on badly reinfesled zalandI. Agr. 3:7.
counlry can r e . W . xmac 

ii~ la ( d f(Jil~tn ;io nlial. (:;o sbe as high as $250 pers .ilruha. Seed, fertilizer B. tigham , R W197.1973. P)st ore gemen iand1 fmi g arc andl~prod h ioction.addIl itioi l Icosts. Pr'ci ingls Ru rk',r(N.Z.) tFarnm,.rs C nfreic:e, pp. 169-844. The need to improve the quality of 
.

feed for (Gmjbell, 1.).A. 1949. Aerial topdressing in New Zealand. Newlivestock throughout hlc \'cari and t(o (hevelop shcvp Zabicd Sci. Reri,,w 7:156-60.and citle thit require less attention and have a Co,:kayn, L. 192. V'gc'tation of Nes' Zealand. I. R. Englenlin,higher fecundity. Ilight (197i) (liscusselI these is- Lvipzig, p.. 456.pccts in inor! letailI . Enc;w.clpavdil of New Ze' land. 1900. NZ. Governiln en Priiter. 
"iese and other limiting fiacors can be ainelio- ti vols.rale. Duriig the past 

have 
10 y'eairs, resiarch and industry Grant, 1). A. 190[i. Factors affecting fhi! estallishinenil if Loplosde(hwlopeI sophist:icatecl aerial topdiressing peniin sccparicin (Manuka). M. Agr. Sc. Thesis, Masseytechniques, produced cheimicals thal adequately Ihnivrsitiy. N,-% Z,,andcl.

c;cilrol scondilary growth, aidil dlevelped breeds cif IHidso, A. WV.,l)uak. II. W., ani M:herson, (-. K. 1933.iivistigat inis iclo ptasiire prodlction.sand I iil att(:lh Ihl reqi ire illf New Zealand Departch less datily cilr inetiiiof Scientitit. and lndustrial Rese,irchiinld hil lhilleliu :31, p. 197,ii ituch higher fec (ditV. ''tecihniquesias see( coating Also Such Lvvy. E. 33. 1922. Princ:iplus of Istur istiblishnent. Pairt Ill.ensure imore Successful pliallt Sop npllicghitb fortst coicctrv. vew Zealand 1. Agr.estilishient from oversown seed, and inelhods of 24:147-5t.electric fencing have ieen develciped for even (liffi- . 192:. TIc grasslands of New Zealand.:ill h ill cocuintry. These are less than Series II. Theone-mlentill(! Tiranaki lhacL-:counlrY 2. Growth form ,tnd habits of secondlary,price of' conventiional post, iballcen iind wire fencing. growth icnrelatiocnt to conlrol. New Zalaind /. Apr. 27:2111-93.In spite of these and oiher d(velopments thal will . 197(0. (rtssinds of New Zalad. :3rd eI. ovirnnent 
surely coie front research, farmer innovation or Prinier, Wellilncgun. New Ziladnl, p. 374.advisor ilssinerlS ts, the future is(! if New Zealand's Mr:C(iskill, L. W. 1973. /ihd this ilnd. A. II. and A. W. Reed,hill country, and in (oiu' view ililtih (if ihe hill t:ountry Welliigon, New Z ',lnd,, 1). 274.
oft hi! woirl, will be!dete rmine, minlniy by e:ononmic:afI sccil failclo. b e 

New Z/'lticd Soil liuac. lfiltit. Soils of New Zealand. Part 1.New Zeat anid Soil'::c tcc. Boll. (1)., 1). 142.iislli: factors :uiillase New Zlaid's hIll ()'Connoir. K. I .grasslands 19f11. IUtilicch ioidinc New develcpinentl of iissockZ/aiiancl. rot:eedicgs l.'thc(oilnlry to inlensify in Internautionalleris of pastorial agriculture (;rln.s/,uLnd. Cttcnr'ss, pp. 1ti75-79.ind iec(ine very productive. It could just its easily 19.i cit'rsta li ccg hill id Ecology iic New ZealandcauseLislral agri(tilllure declit! and it wilderness isa basis fcr cccaccidgit111ii. Proc:. ltc.'nalthcnal lill Lincl Sunp.,of secoindilry growlh and reestalahishing native forest West Virginia it.develop, (ir, agiin, (lepenling oin eco nomicis, iexotic; Sears. 11. 1). 195:t. Soil I:eriiliiy and lpstcure grocwth parts I-V.forestry oir it inixttire of )asllril and forest far'ming ,ew Zeutlnd . Sci. t',ild "l'chccnology35A:Sutppl. 1., 1-77.(ild develop over liirg areas. If the hill country Sears, P. ).. Il d'. iE.).C., and Gr ecnwood. R. M. 1955. Iashlire(lilt reverl to secoi(tiary growth Ihese regions could iltbishiit oi uich:' soils. Niw Zealand I. Sci. and Techstill have some sort of vcOlloin ic fuiur its leisure tilogy 37A: 110-40.
ai(n tourist areas. Su:kling. r.ET. 1959. Itasilcre i,iihigina ent trials oil tnl)oiighalit !These trendis could hill c:ountry ilbe halted or allered through Ag 

'' AWla. II. Re-sults for 1951-57. New ZealanlRes. 2:411-54:3.social pressures. There could be ilnligriation of some 
of tlhe population back to rural living, either by those 

1975. asore miacagecnect trials on oicploicghatde hilt 
coulury' iil Te Aswi. Itl. Results fo- 1959-69. New Zealand I.that like the simple way of life or by those who Agr. Res. 3:3,151-436. 
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Land and Life in the Nepal Himalayas
 
S. B. Nepali 
Department of Agriculture, Kathmandu, Nepal 

PHYSICAL AND CLIMATIC FEATURES 

'1wI li nialavas hive ben rcognizi'd as the youn-
gest irountidis o()icart h. Nepl occ upies the major 
part of the Ilinmalavan rairgi with the highest peak 
in the world-Nit. Everest. It lies hetween longitudes 
130' and 88'- E' nd litildes 27' and 30' N. Nepal 
is about 800 km long and its width varies from 160 
to 2'10 ki. the total are,t heinq 1-12080 square ki. 
The lowest altitli, is ,huolt 8I) 01 in sole palrts 
ofthesoulih. T ;'is it: .]titude takes place griliul-ly 
right from lhe soulhern horl,. Il-owever, il oil 
con:text it is cllhd l'arii-the low lail. Thiri is 
a gradml risi' to 150(0 in north of T.irti which is 
call'd the Siwalik -ong. This is followed hy a 
sudiln depression cailusing in solme plices flilt 
land ahlmost it the smni iltitufe i; the Tar.ii which 
is cillei the Inner al',i".fhereftir there is anotlir 
rise in altilud to 3500l with nunrrus folds of 
mountins :alled thet Maliit1irt Range. It craldle's 
few ,.allevs like itlIt 1KIthmindo 3u0ml the c:apital 
of Nepal. l okhari (Ii( in) ald 1i1nv tolur. These 
folds of mnountaiins are continuoiuis unlil thy rise 
to m141 in lo the palk of Il Nit. Evere.. This is 
called thet Itimalaary Rlang.. It exte-nds right fron 
the east, travels along the northern borde-r. anld enters 
slightly inside the iiiddlelipt(if the country in 
the western ind far western region. providilg still 
a divers;ifiel landscape beyond the Ilinalivian Range 
i(hlntifie asi ihe lner liial,',ivantRegion silillr 
to an joinin- terrii if the Tibweln platea ttagen. 
1970). 

'he liranite vis from (.old rid in ionw paris 
of the north bot amil huimid in tlh siuth. As 
the altitude rises, lernlpritl e hecons c:ileriand 
pleasant until it hem:ois very (.iildh.lieraxiniuni 
temperature in West 'lkirii gos i1 to :f'-(i: in Mav. 
hut averiges only near :0:C. -cause of lthe ltitde 
there is variation in the clite. Tl'he mOiisiii rainfll 
is highly seasonal wil ihout 85", of rain filling 
in June to September. Arnuil ri infall de(reases from 
around 2000 mm in lh east to less thin 1000 mm 
in the western part of the country. Wihnter has scanly 
rainfall. There are large local variatiots, of clinnae 
associated with tihe altitude and toporaiphy. The 
drainage system jiprovided tli the Kosi, (r;indiki and 
Karnali rivers flows fromn tih Ilimalayias to the south. 
Some of the rivers-the Mahakali, Karnrli, Trisutli, 
Sunkosi, Tarnakosi and Aruin-iriginale in 'Tiiet. 
River gorges and steep mountains have made this 
country vulnerable to erosion. 

STRATEGY OF DEVELOPMENT 

Accepting the challhn:g of identifying tht possible 
futire economic potential, the country has heen 
divided into three agricultural regions based on 
ecology-laraii. Hills and Mountain. Primarily, Tarai 
has leen identified for the production of the food 
grains aind industrial crops, Hills for horlicl.itir.1d 
crops and Mountains for pasture and livestock 
(Anon., 1973). 

OCCUPATIONS 
Traditionally, the mountain people keep chauris 

(a cross breed of Tilhan Yak and Nepalese cattle). 
mountain goats, sheep and horses us their supple
ntrlary source for food and clothing (Shrestha. 
1975). Tley also cultivat some suitale Jatches of 
land to raise niked barley. barlv.Ibuckwheat, 
amnralthus. malize, peas, bI.us, potato, rldish 'ml 
at i, i 2 7(1o)in, evtn rine. It their iajiir in(uii 
came from trade wilh tih norlh Ind the South hetiri 
the c:lse of thi northlern border. Sail, wiol, niilril 
dyes. herbs ;ii1ul dry lit rlullH the llorllh wIre 
bar'tered for the food grains. sill), caillhs, Slos, 
cloth, sugair and brown sIgm fron the llouth. 

In the newt,situltion, w1re traue dies it exist, 
they have adliustlid Ihemselves mainly by inlteisifing 
their atlivities in liv(estock. diversilying their trile 
to lourism, trekking ad mloutailliering and trilh 
within lh (:ouIrtry aiil (ivirl .s. Parl (if their leisue, 
time is being ultilized in cittigle iiuiliistries such as 
carpel making aml weaving. lowevir, fool is inl 
deficilal e nel toi supply it (lilhli, I). People 
of this region ire either libtto or oif Tihto-Nelpuiese 
origin. h'leil religiiin is ma'illy lildhism (listi, 
1972). 

The Ilill regions, situated north of the Siwailik 
Range arid midland ot tlhe Mmhhilrhiaral ringie mostly 
faicing south have been iclimatically fivored since 
evenilduring heavy malarial infest;itiin in the Tarari 
inlhelpast, lhesi' arias were free froim it. TheI;limnile 
varies from ;itihrlr)ii;al in the lower altitude to 
warin-teperate al higher altitie. This climatii; 
condition has favored migration to this region. The 
main occuipation is aigrincultiire supplhiei(I ty 
animal husbndry, beekeeping, fruit cult iva ion, rnd 
cotlage industri!s. The primr:illl fiood crops of Ihis 
area are naize, rice, millet, potlto and wheat. 'Ihe 
Hill area Iroduces more per unit area of land 
compared with Tarai because rif the hard working 
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TABLE 1. Food production situation in Nepal, 1974-15 
l~aancu 

Area milhr I'hysical nut pill Edlhh, cereal Population, Edible ceral +SurplusIegilii (:uiliivalion Ceiral grains Grain avaihlbl Grain requi;emnents -Defi;it
(Ih(isUilnd hm) (thnmsand MT) (thousand MT) (thousands) (thousirid MT) (thousand M') 

Mii11,in 115 102 1311 1130 111() - 42Hills 
 7:12 13112 912 60"11 970 - 511'l'arai 1370 2 337 1300 4%i40 825 +475Tll 221'" : 901 2:350 5501 . 1 975 -375 

l'upilalin slalistics 1972.
IlFxhiiusively sid for fund productinn. 

nature of whepeople and intensive cropping pattern area People practice mornoculture, cultivating ricewherever they irrigate (Anon., 1975). Ilowever, the as a .Angle crop in sum er in flat areas and maizetotil food produced does not inmet Iheir requirement in the Ollands. Jule, sutarcane and iobacco are being(Tale 1). Need of subsi(liary in(:(ine to meet the tcullivatei -'h.!r! ,:li;nate is favorabhle and as per thedeficit of the food compelled many people to move need of the. factories. Wheat is grown ill winter whereto the Tarai re-gion for t:ullivalin nid settlemllent, irrigation is possible. This area is surplus in foodand also to other parts of the country in search of grain (Table 1) which is Nepal's principal export
jobs. New jobs, like s;ilof milk and milk products, (:ommodity.have atppeilred. Also, the supplying of firewood in Nepal is pre(otninantly an agricuulttril (ountrythe town iireia
has te:one a regular miux(upiation. The contributin' about (;6"1,f na tia inicome. Agricultraditional bamboo Ibaskets imide for homen: ise hav( tural commodities coimprise 75";. of the totIa exporthiei:ome ittitportinl icomnodity for trade. Top and constitule 80";, ofOle total foreign exchang(,quality fruils, nandaritt oranges, piirs, guava, ba- earning (Anonit., 1973). TI'le tol cult ivtillud land isnminas, lmon anil li e, grown in the I lill area pro- 161%, of which only 10,*, is utindr irrigatiiln. Nearlyvid subsii(limtry tlo(:(itfl to rmeet the daily nieets of 581i";,of lind is utin r pal, l. 21 ' und(er maize,sllt, oils atl kerosene, Tl cultivation of broadlat'af 15%'!,
under wheatinil birIlvy anid 5 inder othertmistitrd, bea s, :uctirbtils lind ratlish are of trili- rilps (Tailh, 2). Of the 14 million helad of livestock,tiunill nature. Re:ently t.ny new types of vegetahles 4:, are :ittle, 24";, buffIloes, :(", sheep and gloat.;sliih ilscabbae.(aiilifl(iwe:r, (arriits andilfew ot'hers aid :T;, other ialnimils About 29 00 ha are underhlve also hloel introduceid. Fruit trves of citron, fruits and(I60(t()t) hamlinder vegetables.

hvitiittl, aillle, )un'.peacwh in I titny oth r food ail 
root crops alre found wild in the Ilills. 'rhirlm!I LAND AND MANN(palese oelhnic groups whose dialects, clltres iilI (ut of 2218000 ha of cultivated land, 62%traili(ins iare diverse live in thl lills. 

is 
intheilTarai and :8,11 in the Hills and Mountains,onc:,'lhe l"rarai, :)ivvre(l with forestsalwuod wheriis the ppulaition pressure is just the reverse.(Shlorea rohusti), has ben ttirned into cultivalttd "Thepopultion densitY per ha is 8.5 persons in the 

TABLE 2. Area and production by ecological regions, 1974-75 
M oulhliil 
 H ill 'lairai ']'thll Perceanlilgea
 

Ara Prod. \rvil Prod. Arui Prod. AI,'r(11 slldsln((Ihlousillnd (Ih1ltlsilild(tholls,indl (th1;mll.illd(Ihlows'-,1111 
Prod. Arr., Prtod.(11lhlsandll 
 (11lllsild. (Ih1otlsanId (thouisand{.
 

ha) Nil') ti t Ni'!') 1.) Nil.) ha) M'r) ha) MTr) 
Rice 
Miliz 
Wheat 
llirley 
millet 
Ill:kwheiaI 
ludaI 

17 
'I, 
31 

9 
7 
7 

115 

:6 
115 
:tm 

9 
II 
(1 

1112 

2316 
2tItl 
1ill 

12 
7:1 
17 

7:12 

577 
565 
125 

11 
i(ll 
Ill 

1:1112 

1032 
144 
1till 

11 
17 
1 

1:170 

I 913 
2014 
196 

(1 
15 
1 

2317 

12115 
-Ilill 
:111 
29 
118 
25 

221 

2 526 
8154 
357 
211 

109 
27 

:1lOl 

511 
21 
14 

1.4 
4.4 
1.2 

10 

64.7 
21.9 
9.2 
0.7 
2.11 
0,7 

10(1 

"sclsively used for foiolproduction. 
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TABLE 3. Land and population relationship, 1974-75 

Total Cultivilted 
D~ist riblI ILand Land Iio t 

Region (thousand hit) (thousand hit) (%) 

Motilitiin A678 115 
Hill 6 263 732 38.2 ' 

Tarili 3267 1370 6 1.0 
Total 14201 2211I 

"Mountain and hill combined. 
"lxclusively u,
sed for fud production. 

lills and 3.17 persons in tilt'lari (Tihle 3). In 
spite of the intensive cultivition in the lills the 
produ(ction could not fulfill Ihe of the people.tievds 
Agriculture is merely at subsistence level. Population 
growth of 2.02";, there is outpacing the national 
average ..f I very y.iir t1i0rly 2 0000people 
htve+ to le accomnmodilteu ill agriculture because 
of absence of other occupations. This is particularly 
the (:tse+in the Ilills. 

RESETTLEMENT 

Although iaresettlement proormn in 'Tarai for tlhe 
Itill people was launched early in 1960 it has b!en 
effective in i plained wly only since 1963. By nT 

7 301 hat of land has been (listributedmore than 
to 5500 families (Deoja. 1975) and the Nepal Re-
seltlement Company plans to resettle '19 0t0O[amilies 
in 43000 ha (ot lnd within four yvars (Anon., 197(i). 
Similarly, 850 ha of forest enl:rl)I:hed hy 1 23 

families have been registefed in 1975 t1\non.. 1976). 
Altogether 477000 people migrMted from the Itills 
to the Taraii hetween '19t6 and 1971 (Elder 0 al.. 
1974). Similajrly'. encroachment has been goling on 
in the lills. the extent (If which is not know'nxImtly. 

FUEL 
The only source of fuel for cooking afld healing 

is firewood which is being collected fromn the forest 
free of cost. With the increising population and the 
demand for food, housing materials, fodder for live-
stocks and wood for cooking m(l heating,* trees have 
been cut so extensively that the Itills look hiarren. 
In 1967 the areas under forest aInd crops were 53j 
and 391,1 respectively, whereas the crop) iea no, 
has gone up to 62 J' (Anon.. 1967). As a restll, peple 

hiave to trek a long distarice for firewoo(l. In some 

parts of the Mountains. espeo:idly Mustang ;(nd in 

eastern Iarai, animal dlung is being used ats fuel 
in the absence of firewood, making cattle meanure 
unavailable for food prolu(ction. Recently ;abiogals 
program has been launched on ;atrial basis. This 
seems to be a practical solution for fuel, espcially 
in the Tarai where temperatur, is favorable for 
microbial activity. This will Also conserve manure 
which otherwise would have been burnt an(l wasted. 
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llii'lii land 11opulatlion Dislrihution 
l)ensity 
Permsn 

(1) t(hoIlsands) 1{;1) (11o.) (hit) 

2.40i1 1 :19 8.5 
l.i, 1 071 62.39' 81.21 1.5 

4 1.93 4 346 37.6: 3.17 
15.61 11556 5.21 

Petroleum produhcts are tt costly to be used in 
general yet, though suhstantial amounts are being 
imported. At present Nepal has vast resources of 
water power amounting to 1: million kilwatts, i 
capacity comnpahrable to the UJnited States, Canada 
and Mexico com blined (Ickholin. 1976). At present 
iihotut 40(1000 kilow,ltts have been harnessed. If the 
avalia'hble hydro power is ha'nessed as required, 
Nepal need not depend on any other kindiof energy. 
The difficulty lies ill the ahsence (,f the financial 
invesmltent and rI lde( technology. Some people 

re trying t(outilize solar energy too. hut the initial 
(:ost seemls to Ib,the limiting falctor. 

Sw 
TRANSPORT
 

Tih to ralbl, roinl in the lill and Mountain 
Region is almost negligible. Nearly all transportation 
is y ftoot ihy hoth men nil minimals. Air transport 
is quite costly. This sitluation nm kes it difficult to 
supl~ply fold inm,,erials in the deficit Ilill Regions. 
EDUCATION 
E
 

(;eneral literl(xy is only 14 ", (Anon., '1974). There 
is ome Agricultlire avi(rd Animal Science Institute 
under the l'riblhtiln Vuniversity which trains only 
rnediun level lechnici+ins. There are ia ver. few 
triined people who knov the need of the lill and 
Molntajin Regilnlls hllt they generally do not like 
to work in those r<gilns fleclmtse itf the very difficult 
conditions there. Ilence their knowledge aindctl.mo
lion h\-e ben of little help to the people of the 
airea. Most of the I ill people are left beyond (he 
reach (if edlucaltion becillse of, their subsistence 
Ii ing. 
HILL FARMING CONSTRAINTS 

tlill farming hIs ilroeady lost the balance between 
prluction and demand. The shortage of land for 
cultivat ion and grazing, the scarcity of firewood, 
the limitatiorn (f comllpost, the lack of' animal power, 
the tightness (I the (:ropping pattern, the seasonal 
shortagesof labor, the shorlage;,s well isuncertainty 
(If rajinfall and non-availability of irrigation, limita
tion (if :redit f;,':ilities, poor Irnsport systems, in
sufficient storage and market facilities and absence 
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NEPALI 
of appropriate technology all are constraints for In the text of the above situations there is an urgentagricultural development in the I fills and Mountains. need for an International Institute of Hill AgricultureBesides the rough terrain condition of the Hills, in the Himalayan Region which will be able to restoreintensive cult ivation and( opening of the marginal the land an( the life of the people.
land for cult ivat ion by clearing the needed forest
 
area hav invited mafna(le erosion intensified by REFERENCES
liOusOOnic rAins which I r(,ug lit Iandslides as every- Ar.n. 1976. Report of Resettleneit Company (Nepali language).day features of recent years. 'he I il-] eco-system Kathrando, Nepal.has been (list trbed. Th'll e rational balanc: between - 1976. Report of Resettlement Dept. (Nepali languoage).land, man and livestock has been lost. According Kathmandu, Nepal.to Dr. Eckholm, there is no better place to begin . 1975. A stud;' of hill agricultore in Nepal. Rockefeller 
an examination of deteriorated mountain environ- learn.ment than Nepal (Eckholm, 1976). In fact, this -. 1974. On educatin in Nepal. Nationa Education Comsituation has threatened the life of the people in imittee. Kathmnando, Nepal.this land. . 1973. Agriculture development polio. and programme 

HMG (Nepali language). Ministry of Food, Agriculture andCONCLUSION Irrigation. Kathmandu, Nepal. 

The Ifill environment certainly _ 1973. Programme on man and biosphere. Series it.needs to be re- UNESCO, Paris.stored so that Ilill people can lead a better life and _ 1972. Agricutral statistics of Nepal 11MG. Ministry ofto protect the vast area below it from flooding and Food and Agriculture, Kathmandu, Nepal.silting. An eco-system has to he established in which . 1967. Foreststatistics for the Tarai and adjoining regions.mail, aninal ald plant can co-exist without losing Forest Resources Survey, Dept. of Forest, HMG, Kathnmandu,the lop soil, the formation of which takes years and Nepal.years. Besides labor, the soil is a major part of the IBista, 1). 13.1972. people of Nepal. Ratna Pustak Blihandar. Kathcapital of Nepal in the absence tof other explored finadil, Nepal.resoutrces sIch as water, sunshine, mineirales, gas in(i Deoja, D. 13.1975. Land resettlement in Nepal. Resettlementbiogas. Considering the serious situation in the Hills 
Co. 

Kathmandu, Nepal.of Nepal, a seminar was recentlyIheld in Kathmandu Eckholm, E. P. 1976. Losing ground. New York: W. W. Norton
uly B antI 9, 1976, on the devefopnent ancf manage- &Co.
 

ment of energy resources in the I fills. This was Elder, 1. W. 
 and others. 1974. planned resettlement in Nepalorganized jointly by the Institute of Applied Science Tarai.A social analysis of the Khajure/lBardia project. PunarhasProject CEDA. Kathmandu, Nepal.and Technology,,''rib~hrtbltn University and the Swiss tIagen, '. 1970. Nepal. Bern, Switzerland: Kummerly and Fry.Association for Techni:aI Assistance. The e'nergy Sirestha. A. I. 1975. Farming in the mountains of developingrte'souIces visuralized were forest for fodder an d fuel, andl developed c~ountries. Swiss British Center. Durrenasch,water for hydro p)ower, biogas for nethlane gas and Argau, Switzerland. 
miianlre, solar energy ias alternate energy for fuel,

and food and fodder for mai anid livestock-which
 
could be derived from the combinations and interac
lions tf soil, labor, water, plant life and animal life. 
 DISCUSSION

The point is that although improvement of Hillagriculture is it technical prohlem, it is not possible K, F. O'Connor (New Zealand). You mentioned into dissociate it from administrative, organizational, the abstract of your paper that the Himalayas arecultural, legal and social ptoblerl.m..WVhE(. we.thjnk the youngest mountains in the world. In your underof Hill agriculture in the light of land and life this standing of trying to plan mountain land use todemanIs ;in integrated approaclh from the concerned reduce sediment load and sediment transport, dofield(s. ohe oinprogram Mal and 13iospliere (MAB) you believe that your government agencies are takinghas also put inore emphasis on the integrated study full account of the youth of the mountains? In thisof the requirerment of le Mountain andi Hill area condition a large volume of erosion is inevitable.(Anon., 1973). The MAB confererice held in Nepal That it large proportion of it is taking place, especiallyfroni Sept. 26 Ito Oct. 2, 1975, made a reconimen- in the riparian situation, just cannot be avoided byttation for tie establishrent of an Institution for mountain landiuse. I'm asking you, therefore, toMuntain lEnvironnients. Some oIrganizations of the distinguish for us between the importance of acceldeveloped nations have carried expeditions to the erated erosion, such as I know that you have, h.tI limalayan peaks and mafde some studies merely which I believe is overestimated, in comparison within the quest for knowledge, and these are mainly geologic erosion.acadienic. Moreover their publications are mostly Nepali.

in languages tother than English, making their 

The impact of the erosion is very serious.
 
This is what I want to put forward. And regardingknowledfge not readily availahble. the importance of the two forms, I would say it 
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depends upon the individual persons involved in 
deciding these factors. Normally in the mounttain 
country I must confess that the people who decide 
are not those on the hills, hut instead the opper 
class people who do not really know the situation. 
In the future, of course, we wvill take account of 
the situation, and the government isquite aware 
at the mnment of the need to control the situation. 
In fact, government is working on how to use hill 
land so that the soil is not eroded and ullimately 
suil is retained there for future production andi a 
better life for the people. 

O'Connor. I hope that y'ol do not believe that all 
the erosion problemis of Nepal can be nanaged-

sone of themi just have to he lived with. 

Nepali. It is like this, we have different erosions: 
one isman-made, which (:,n betontrolled and one 
is natural; we have to acc(pt this. 

R. Nelson (West Virginia, ISA). \%'haltspcific pro-~ 
-

grams or projp(cts do y. . hi i s an 

indication offsuccess in limiting the deforestation 
y(ou rietioied? 

Nepali. We ill( iands under forests 

R.sVir , hA. ha ih i 

planting.the hill 
wherever possible, even where the people hiet; left 
becausethe could not get a-good crop. Ihlavealready 
indicated inny paper that inthe lonrg-term perspe:-
tive, government has decided to have hort icultural 
crops illthe hill area arid forest crops. These 'r1 
some of the crops which may stop erosion. In Ii\, 
opinion, we should have a closer contact between 
the livestock aind horticultural aictivities, like fruit 
crops. They could be planted in a certain distanc, 
and forest be wou(ld betwugh, verycrops grown in een. 
simply. and the livestock would be brought in foi 
grazing. The farmer could then have both crops of 
fruit arid products of livestock which (ould le 
bartered or marketed in the plain area so that eco-
nomic integration (could he established between the 
plains an~d the hills, 

James Duke (Maryland, USA). hi Bolivia I saw some 
terraces sinilar to those that you showed an(d there 

was a hig argument about them. One man said that 
the terraces prevented erosion and the other one 
was saying that terraces accelerated erosion. Do you 
have any comment? 
Nepali. Well, terracing is one of the main systems 
of controlling erosion. Special terraces are made in 
Nepal where irrigation is available or where they 
can store the water during theillmonsoon sason. They 
(can get paddy crops ill) the altitu(e of 5500 feetto 
where we have our terraces and heyond that it is 
all in the rolling mountain where there are no 
terraces. Now these areas are being explored for 

cultivation of maize and other things. This is the 
area which is prone to high erosion. Trriicing is 
one of the factors which controls erosion. 

G. Anderson (West Virginia, USA). You indiciited 
that sonletimnes it's difficult to gel te(:hnological 
improvements brought into the higher hill areas, 

and recently it's come to ill atteotion, illsollme 
have been placed through toreading, that roads Iranaccelerate antI to improveocommuniation 1( r 

portation. Are these roads a positive or nlegative 
factor in terms of long-term developinlnt? )Doesthe 
cost exceed the potential contribution? 
Nepali. Well, at the inomiet I will not comment 
in the negative, but the roads open in tbe bill aras 
travel along the river basin and when y( go to 
thi high mountain regions the flat lands ;,re on th 
top of the hill an( the roms ill(! Of coursebelow it. 
it isillwalking distan(Ce of o(e or two (Lays or even 
a few hours. Tlhis is the situalion, but, frankly 
speaking, Ihave already nmentioned that people vho 
ha'e been trained illagriculture are likely to concen
trate in a place where ther(e is liss difficulty, like 
in the plain areas. We have a lot of trained people 
there and also in hills like Katman(lil, but they don't 
like to go into the high nmounlains. Even if you post 
them there they think of many reasons to come back. 
This is why there is diffi(:ulty illtrnsmitting the 

:technology. Moreover, the techriiology which we 

have hasn't been fully tested as to whether or not 
it is applic:able in the high hills. 
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Hill Land Agriculture in the Humid Tropics*
 
Donald L. Plucknett 
College of Tropical Agriculture, University of Hawaii, Honolulu, Hawaii 

'lhe Ilumid Tropics (lIT) are very difficult to define 
satisfactorily. Efforts to lefine them according to 
climatic factors, notably humidity an(l vegetation, 
restilted in very different boundaries (Fosberg, Gar-
nier, and Kilchler, 1961). In his important paper 
on prd uctivity of the iT, Chang (1968) chose 
Kiippen's (1900) Af (:liale as the boundaries of 
Ihe IlT, choosing to leave oult Am areas. 

For punrposes of this paper, the liT are definll 
as Ihose lands receiving at least 1 000 mm of rainfall 
and which lie north of the Tropic of Capricorn an(l 
south of 25' N latitude. Generally they include those 
lands classed as tropical rain forest and which lie 
within two major climatic classifications, namely: 
Af and Am areas (Kiippen, 1900). lhere, A = riiny 
clinate with no winter and Ihle c:oolest nmnth Abo1Ve 
180 C ((i4.4) F); m= monsoon rain with a short dry 
season which is compens~ited for by heavy rains 
diring the rest of the yeir: and f = constanlly moist, 
rainfall of the driest month it least 60 mm (2.4
inches). 

LAND AREA 

tl., use I IT boundaries are so imnu;h in (blestion, 
it is difficult to eslimate how much land area, andl, 
then, the anmunl of hill lands vhich fall into this 
region. Chang (1968), using Ite Af clinahe as the 
boundary for the 1IT, estimatedl an area of about 
550 million ha (2.1 million square miles), or 4.%' 
of the earth's land area. Slaszexx'ski (1961), cited 
by Chang (1968), estimated lhalt Af and Am climiates 
together anount to 8.1% of the total land area of 
the e:arth and contain some 7.95% of its population. 
Great land areas of cointinental Soulh America and 

Africa lie in this region, as do most of Southeast 
Asia and much of South Asia. 

Several large countries hive large land areas in 
the lIIT. These include Brazil, Colombia, Venezuela, 
Zaire, Angola, Nigeria, Indiii, 1uirmn, Thailand, In-
donesia, Malaysia, the Philippines, Papua New 
(uinea, and The Pleople's Republic of China (I)RC). 
The PRC has some I million square kilometers of 
land in the IITs,and pr)l)bly moire than 110 million 
peoplh of the PRC live in Ihat region,

Estimating the amount of hill lands in the I-1I' 
is difficult. First, it is necessary to define what is 
meant by hills, and moountains too for that maitter. 

loJurnd Sieries No. 2074 of the IIw,',iiAgricutorl IExlprhimili 
Station. 

These terms are subjective; for that reason the fol
lowing landform terminology presented by White 
and Renner (1948) may be useful. 

A. Elevation terms (above sea level). 
1. 	lowlands 0-600 m 
2.uplands 600-1100 i 
3.highlands more than 1800 in.
 

B. 	Slope terms 

1.Hills-an area with sloping profiles, andonly limited relief; gentle to steep slopes, 
less than 101Y. level lanl; regional slopes 
4 to 10 degrees; local relief-several tens or 
a few hundreds of in. 

2. 	Mountains-anarea of slope land culminat
ing in peaks or rounded sunmits. Mountains 

differ from hills in amount of relief, notin 	 steepness of slope: mountains may be 
rounded or rugged, with regional slopes 10 
to 20% or more, and with local relief from 
about 1000 m to several thousands of m. 

In this paper, agriculture of both hills and smaller 
mountain areas w'ill be discussed. The lesignation 

of "lowland hills" and "upland hills" may be useful 
in delimiting the types of agriculture practiced. 
Highland agriculttire (above 1 800 m) vill seldom 
be liscussed, for it is rather more related to temperate 
zone agricultural systems, albeit with tropical or 
subtropical lay lengths. 
How much hill land is there in the HT? This is 

difficult to answer, bt perhaps as much as 60 to 
75% or so of the total land area may be a reasonable 
estimate. 

CHARACTERISTICS OF HT HILL LANDS 

I-IT areas are characterized by high rainfall and 
by oc(:casional intensive stormas, although most rain
fall results from convection or orographic air move
ments. The high rainfall allows luxurious growth 
of native trees and vegetation and for planted crops 
as well. 

As elevation increases, air temperatures and hu
inrli ly lecrease. Hills usually also have a lower 
iincidence of insects and diseases. 

IHill lands vary widely in origin and morphology, 
including plateau margins; foothills; sharply dis
sected areas caused by heavy action of wincl or water; 
volcanic cones: craters, ash deposits, etc.; collapsed 
limestone areas or uplifted sedinls. Each of these 
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types presents its own set of prohlerns and potentials 

for managenmnt, 
Soil (:hara(tleristics vary, hut are influenced most 

FIT hillby parent material aind age. Niany lowland 
lands are Oxisols or Ultisols. Andepts. Entisols, anti 

other Iceptisols are also common. buti not usually 

present as many managenlent problems as the heavi-

lx' weathered, infertile liltisols. litisols often require 

heavy inputs of fertilizers and soil anendmients to 
make then pr(ductive, and their in herent low fertil-
ity causes great difficulty for small linotmers. Oxisols 
usually hale excellent physical properties. Somel 

Ultisols may he less susceptible to erosion than somre 
are often too stoll\'of the ()xisuls (Table 1).Eliisols 

for cultivaited crops: hence the ar, ()ften used for 
tree crop farming. C(opled with judicious se 

minilnuol tillag, for inter-croppedcover crps and 
food crops, Entisols call e Suc:cessfully cultiated. 

Some very prodlutive tree crop/flind crop systels 

can he folnd in Entisols ()ithe voli:,nic P,.cific 

Islands, the so-(i:alled high islalds )tPolynesia 
rnd Melantsia. 

TABLE 1.Soil erosion K values for selected 

Hawaii soil families (Dangler et al., 1976) 


[itditiliix 

Sil F,1mil, KIfir ,,(%s., Ki. (is 

0.ttmo , "l'rtl()%% Vert. lot,%the 

owi r .11- V',r..) . Lw. 
.41 Mmirt-tyv'vrti: strrlpts 13 V'ry low 


high 

clEitrustox .0) Very lii% .20 Mt.rllf 

Tvpi: Tiirro. .09 VeryvIw .23 tir,ii,i
Troi-pliji 


Typi: Chromiustirt5 .2 Moderdlie .31 , iler,h, 

y:pii: Torri)x .41 MNuderalv .:11 NIoiterih 

high 
Typic lydratnrihpts .08 Very low .07 Very ho,. 

Itdric Dystrancitlts .12 Low .22 Moerate 

Typir. Eutraroepls .160 Vo .2hi Moeratie 

uitric Etrandhepts .6(1 Very high ..,l tigh 

Soil texture plays an important role in cultivation 

of HT hill lands, especially in regard to potential

erosion with repeated exposure to hea v rains. Iligh-


ly aggregated soils are usually not itssusceptilhe 

to erosion; however, soils with aggregates which 

weaken with wetting can erode inuch inure than 

when dry. 


Soils which are likely to suffer from soil creep 

on hillsides can lead to serious landslides. Land-

slides may be accelerated if subsoils ciontain a dis-

tinct clay layer providing a slippery substratim
 
which, when moisture conditions are correc~t, may 

slide and carry the upper layers downhill. 


Gully formation can be severe in some soils partic-

ularly with repeated removal of protective cover and 
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under high rainfall. Ohler soils developed under 

high rainfall and with very high infiltration and 

percolation rates will be less susceptible to gully 

or sheet erosion than younger, less porous soils. 

Shallow soils on st:ep and/or stony slopes can 

lead to problels, including shallow or poor root 

developmlent, rapid runoff. poor nutrient Supply and 
low water-holding capacity. 

FACTORS AFFECTING HILL LAND USE 
Mnyl tlrs influnce the use of hill lands in 

the 1lT. Sone of the mure important factors will 

be discussed here, hut the sublject is much too 
a cursory treatment.conplex t)he given more than 

The Hunger for Land 
Burgeoning ptopulations in many countries 	have 

marcaused tremendolls pressure oil hills and other 

ginal lands (Pereira. 1973; Eckholm, 197t1)). L.arge 

numbers of landless laborers in many countries are 

moving into the hills in large nulbehrS as squatters 

and shifting cultivators. Severe problems %Vill result 

in hill lands in many countries if the inlense desire 
for land is not met in some realistic and equitable 
way. 

Diseases and Hill Lands
 

Botth hunian and animal diseases may play a role
 

in the use and pressure oil hill lands. For exanple,
 
Tl'erai of northern India and southern Nepal \was
 

formnerly heavily infested with malairia, denying use 

of these lands and eosuring heavy populations in
 
malaria
the hill cinilry li the north. Control of 


opened imp the Teri to seltlement by malny land

hungry fmilies in 111 hills, The hills in Nepal
 

contiin 310; of tile(cultivited lilnd of Ihe c:ountry
 

an( Support 59T; of the popuittion. There are nine
 

people per cultivatied ha tille versus three
in hills 

per ha in the Terai. Ilill farms are very small, 112 '4
 
being less than 0.67 ha in size.
 

Malaria is niot always ;Ilowland disease; in somte
 

regions, notably in Indochina, hill areas have inure
 

malaria than lowlands, Also, hill area vectors such
 
as Anopheles psetidoptncltipennisin Latin America
 

cause malaria at higher el(wations. In Southeast Asia,
 
heavy population pressures of :oastal areas force 

people into hills, where they carry oin shifting cil
tivalion (espite health limitations hie to contining 
pressure of disease. Crop proluction un der these 
c:onditions will often he limited by the amount (Of 
the disease present. Studies inl Thailand show that 
maize and rice prod uction in hill lands is inversely 
related to levels of inalaria there. 

'Information for this sw,;ion wits othine'd largely from 	 )IursoiIil 

communications with )r. Lee Itoward, Dir:tor of the (Offi: 

of Ileallh, TechnicalI Assistant lureau, Agemy for Intu:rnatiorial 
Developniot, Washington, D.C. 2052:1. 
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In Central America, higher populations live in the 
mountains than in the coastal lowlands, supposedly 
bec,use of greater disease problems in the lowlands. 
Ii colonial times, many liT hill lands were used 
as resorts and rest areas for Eluropeans seeking respite 
from heat and sickness in the lowlands (Spencer 
and Thomas, 1948). 

Coffee-producing areas have long been considered 
is healthful I)laces. Rudolph (1944) quotes Ihe r;om-
mon view in Latin America-"Wherever coffee 
grows, there it is healthy to live'. 

I eop)le in hill lands often suffer greatl Iy from mial-
or tunder-nutrition, and such deficiencies exacerbate 
existing problems of resource management an(] food 
production. This may be especially true in cases 
where alult males from hill areas migrate to lowland 
or coastal areas to seek employment, thus reduicing 
further the opportunity to produce more food oi 
to manage resources more effectively. Also, such 
migration tends to bring lowland diseases to hill 
areas where they di nolt exist before, 

Dr. tlowarl 2 states, "The cullivation of hill lands 
somnetimes produces ecological change in the lower 
areas which in turn produces an adverse effect on 
health at the lower elevations. A good example of 
this is the restricted area of prevalence of elepha n-
tiasis, a complication of filariasis, in the Serajoe River 
delta on the south coast (f the Island of Java. 
Deforestation of the central nmuntain regions of the 
Islanilmagnify the differences of' water supply to 
the river lii'ing rainy andi dry season. Torrential 
flow carrying silt and (rift material, followe(l by 
a slow flow, (lose Ihe river mouth in the dry season 
(Itie t(I insufficient power of the river to force its 
way through surf and drift. This leads to the forma-
ion of lagoons. A network of lagoons and stagnant 

waters prodtc(led excellent breeding con(liti(Ins for 
the transmission of filariasis." 

A fruitful area for further study woul be the 
influence of human health and nutritional factors 
on land use,. especially in hill lands, 

AGRICULTURAL POTENTIALS OF HT HILL LANDS 
Despite generally favorable rainfall, lIT hill lantls 

are usually sparsely settled and less developed than 
adjacent lowlands. Man/land ralios are quite low 
in mosl IIT hill lands in Africa and South America,
hut are much higher in somne parts of Central Ameri-
c;a, the Caribbean, and Asia. Many factors relate tt 
population patterns of these hrlns, including tribal 
or group cusloms, land lenure patterns, health prob-
lems, status of roads and transportation facilities, 
distance to and availability of markets, and educa-
It(Inal opportunities. Agricultural productivity fac:-
for, also strongly influence hill land use. 

s,,: fou i l . 

HT lands often share several problems, notably; 
infertile soils, high cloud cover and resultant low 
solar racliation during the wet season (Chang, 1968), 
difficult topography, and a generally low standard 
of production because of the preponderance of sul
sistence farming as a livelihood. 

A main advantage of IT hill lands is generally 
favorable rainfall which, in Af climates, is generally 
well-distributed throughout the year. Am climates, 
with a short to medium-term dry season, suffer from 
water shortage (luring during part of the year and 
often run short of feed for animals as well as food 
for humans. 

There can be no doubt that some [it hill lands 
offer potential for development and higher produc
tivity; the question must be, how :an the high 
potential lands be identified and what management 
systems will be most suitable for sustained proluc
tion? A related question must be, how c.an less 
suitable hill lands be retired from production and 
conserved for forest or watershed use? 

CURRENT USE PATTERNS 
FIT hill lands are used today for many purposes 

(Table 2), including production of plantation and 
cash crops in bot h lowland (0-600 m) an( upland 
(600-1 800 m) hills. Such crops are grown either 
on a large or small scale, depending upon the region 
and the resource base. Plantation and cash crops 
will he discussed in more detail later. These lands 
are also used for both large- anti small-scale grazing. 

A major agricultural use is for shifting cultivation 
or swidden-type agriculture, upon which perhaps 
as manyias 200 million people in the world depend 
for sustenance. This system has aroused much 
controversy because it has c(ontributed to dent, lation 
of forests andi, in some areas, has caused significant 
degradation of the natural resource base. 

Another tse for those lands is for forests, both 
for native hardwoods as well as for national parks 
and watersheds. Many such lands have been set aside 
as wildlife or botanical reserves. Preservation of such 
reserves is increasingly difficullt because of illegal 
poaching or hunting and pressure for land by squat
ters, plus normal food gathering activities. 
Shifting Cultivation 

Originally designed to build up soil fertility by 
allowing forest regeneration during very long fallow 
periods, 30-60 years or more, shifting cultivation 
is basically conservative and stable. However, high
population pressure in manylands has caused fallow 
periods to becoie shorter anti shorter, to the point 
that in many cases the length of the fallow barely 
exceeds the length of the cultivated period. Other 
major problems facing the shifting cultivator are 
increasing weed competition (especially by pererin i
als); a rapid decline in soil fertility accelerated by 
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TABLE 2. Some basic farming system patterns of Humid Tropics hill lands 

It1,ik.h11,.:t oit Risw',ir:h M jor Sconlary
 

Naitural is.)urc, Kowhg! conimodity/ics, coniniodilyi=.s, Majotr Ctroil/ing.
 

Farming Systemi lnd 1,t.w ,atern li-, trStitlupport llisv Crops Crops l'ttttrin 

1. Stltsisenct, 
fit rn i ng 

or 	 Rice Pulses Niixt, t:rtltritg,
ia.non-intensive 	Usially shifting Consrv tiv,' Ptoor 

Corn 	 Tropical fruits inhr[;roppiog.cl(tiviaion or %(ery 'xploitixvt (in sniow 
Bleans Root crops usIItIllysmall subsistent:' rtgions vt'' 
Cassava Coffee tnnt:ontrollvtlfarms cotipliti t'xploitivt') 
Yams 	 Stimuhts grazing, (prforagingwith shifting 

hy animalscultivation. Ratio 	of Plantains Spit:ts 
noll-~tivalted"/Narcotics 	 ;oats
 

Coconut 	 Swinecultivatt'd land 
lianalla Few :catle orvaries %viely. 

Sweetpotato dontst:ic Iliffalo
 

Rice PI'luses Mixed cropping,
 
15-2t0 to I 

1).intensive Usuially sedetntry, Can 1w exploitive Poor 
Corn/ hemns Tropical Irtits multiple croppinglsually simll or conse!rvative, 


farms. cttli sebiom optimizing 
 Cassava 	 Rotot c:rops sometimes aniills 

Coffee may be restraineiinclutde sone tttcttlst of lack of Yains 


shifting ctultivation inputs plantain 
 Stimulants 

Banana 	 Spi:(.sof
inwhich rattio 
Narcotics 	 Goatsntncultivattid / 
Coconut 	 Swin(cultivattd lInd 

Few calth trk3nearing 1:1 
domestic buffllo 

2. Conlmercia! 
Lowlandscrops 


It. e:xport crops. Usually intensive Wide range, from Usally good. Sogart:ane (thtr spet:ies 	 1Istuily nutimtt.ro, 

may its!ottverlarge scale exploitive to Research sttpport Cttconut Toiacco 
shatlt' c:rops:rlops,
systerns optimizing 	 by government or Cat:ato Citctiot 

privalt sottrtes Rttttittr 	 (in stot' areas. tither aitd t:rtps 
food t:rls art' 

Baniala gritwut) 
lPinllpphe 

(il palins lhi,.f 

IUptudi' Dairy 

Cttff'm. 

i). export crops, Usually intensive Wide range. from M a v he goo d: Lowltitd. Food crops Usl ly 

small scale exploitive to usuially titpenis Sugart:ant lhvef intercrolpping, 

systems optimizing 	 tlpttnsailts of tltl'Cottctont Dairy mixed cropping; 

indtstry inth: tclcilo Fruil crops suldoin 
ucountrv. If tlsty litlili Swie m(nioocropping 

Pntapple
smail fariers., li 	 loniltry
 

stmupportiay te Cinntton
 

poor Spice crops 
Tottaicto 

Oil palil
 
U]plands, 

'rim 
Coffee
 

"According to classification system proposed by Evenson, Pluckmtt, an(iHorir (197:1). 

"Lowlands = 0 toG0O m; uplands = 600 to 11100 m. 
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shorter fallow periods anrid repeated burning; the availability of relatively cheap labor. However,competition for land by squatters an(d landless labor- it is also probable that marginal production areasers; and catch cropping by sedentary farmers, will continue to seek agricultri.t di versificat ion andMany shifting cultivators belong to tribes or cul- alternate uses for the probhlen hinds.
 
tural minorities, and many governments are per
plhxed as to how to control their activities without Sedentary Subsistence Farming Systems
seriously endangering their livelihood or future Many f-IT hill farmers are sedentary, growing food
welfare. 
 and/or a combination of export and food crops. FarmThere is a real need to bring the benefits of size is small and family income and welfare arescieilific agriculture to the shifting cultivator meager. Public transportation for either man or(G;reenland, 1976). Past efforts have been made, but products is usually poor to non-existent. Marketingwith varying deglrees of success. For Hl'T hill lands, is difficult and is usually restricted to nearby centersreseirch inust be coupled with better appraisal of for perishable products. For this reason, nonland use potenltial, inore adeqluate soil protectiol perishable income-producing products are sought.and conservation practices, and better watershed Such crops vary from copra, cacao hans,anti smokedmanagement systems (lPereira, 1973). rubber to narcotic plant products such as the opium 
Plantation and Cash Crops poppy or coca. Until some means can be found tointroduce new crops with some income or marketMuch (if the w(rld product ion of the so-called potential, the problems of low income, poor healthtropical planlation crops or export crops is centered and nutrition, and production of illegal crops willin theli1T,aid riany of these crops are grown, at continue. The hills are difficult places in which toleast in part, in hill hinds. 1iT hill lands are ideally live, and their inhabitants will place highest prioritysuited for growing pererrinnial export crops. In many on survival, notwithstanding the wishes of governways these crops are a!so "problem crops," and their ments or more fortuinate persons who are affected 
prices fluctuate greatly on world markets, contrib- by their hill agricultural aclivities.uting greally to ecolomic iristability in theI d(irogucing INFLUENCE OF HILL SOIL MANAGEMENT ON 
ar e as . L O W LUN C E O NS 

''Lowland hill" plantation or export crops include LOWLAND REGIONS 
sugarcane (Saccharunmofficinarinn), coconut (Cocos Activities in the hills (if many lands cannot benuci:fea ), l-levea rubber (Ihevea Irasiliensis),hananla disregaided, for they can profoundly affect the wel(Musa spp.), aba;a (Musa fextilis), pinealpple (Ania- fare and future of the lowlands below. These hills,nals C(o)n0SUS), Africai oil palin (Elavis guiniensis), if dentided or allowed to erode. cani cause seriouscacao (Theobroina ciCao), aiid cinanilmon (Cimna- ntationsedint, of irrigation systems and streams
m11n1 zevlanicin ). -Upaind hill" ilantation or below, rapid runoff of surface water, serious flooding,export (;(ips include coffee (Coffea spp. ), tei (Ca- and can lead to reluced groundwater discharge
mellia siminsis), cinchona (Cinchonaspp. ) arid ex- (Pereira. 1973).
lic hardwo(ids such itsteak (7Tctona grandis) and 
allilhogalny. MAJOR PROBLEMS OF HT HILL LANDS 
Currently some export crops are suffering greatly


hecause if 
 a nuiher of problems, inluding: poor Deforestation and Land Denudationworld prices: serious coipetition from other crops A major prolnlem of I-I' hill lands is rampant(especially in abaca, sugarcane, pineapple); doini- cutting and clearing of native forests (Eckholm,
nilrice of older, less productive stands which need 1976a, 1976b). li part this has been caused by shiftingreplanting (especially true in c(oconunt and tea); and cultivators in their search for land to grow foodattack by serious pests or diseases (notably coffee, crops, bit the quest by impoverished people forcoconut). firewood and for wood to make charcoal has greatly

In many IT hill areas, efforts are being made to accelerated the process.
find alternative uses for lands previously devoted Some countries have experienced severe ctitlingthi lhntation crops. Sumie of these lands, especially of forests which has led to extremely serious natural some areas pllnhtd for many years to tea, have also resource preservation problems. Haiti may be in mostsiffered from soil erosion because if difficulty in serious jeopardy, but Nepal and parts of Java arecontrolling wee(s in the interrows vithout baring also facing great difficulty.
the soil to the heavy rains. 

In the future exprt crops will likely continue Major Weed Problems
Iooccupy a significanlt area (if HT hill lands, because Weed encroa(:hment and invasiori (,allgreatlyof generaIly favorabile growing conditions, the op- affect the way the hills are managed. Weeds, always
lorl unity to produce a cash crop with relatively small a significant problem for the cultivator in the tropics,
shipping volume and comparatively good price, and can be particularly difficult in -T hill lands, espe
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cially in systems where shifting cultivation, planta-

tion crops, subsistence farming, or animal produc-
tion on tropical pastures are major enterprises. 

As has already teen mentioned, perennial weeds, 
notably perennial grasses, are a major probleni in 
shifting cultivation (I loin, et al., 1977). Manry peren-
nial grasses are fire resistant and continue to build 
up high populations with repeated cutting arl 
burning, thereby becoming the dominant vegetation

an tlin the 
of mariV HIT hill lands. Once dom inant, 

presence of continlued burning, heavy leaching of 
nutrients from ash and soil, Md declining soil 
fertility, these lands becomt degl'ia ,ld, poor quality 
grasslands gxcep 
which predominate in such areas include: Impetrai 

cvlindrica. Pennisetuin polhstich-oin, other Pen-

Iljint flI species and SaccharnIo. sp o t.ine li. 

The battle with perennial wceds (:auses gre'at 

(lifficllt. also for export or pllantation cro)p systems. 

resulting in very significant land manlugerrenit proh-
he (hvtiledlells. Such effe'cts 'Ire too rin erulis to 

here. hut perennial weels which c:ause particular 
problemsroemb include:u Cy'peros rototnd,.s, ln)erata cy-

Plnliculo 

Chronoliani odorata, Sicch,!n spontlmoutni. and 
Anicurn 

lind ic. Mikaira cord it,ta. I llal.\ ir till], 

Snall subsisitence. farn rs hnii'sonneti itnes had to 

Smal subistncearmes ~in 
abandon lands and nove their villages becmause of 
the invasion and perniciousness ouf veeds such its 
Chrmolaeina ordortaa or tIrperta :vlind'icai. ai 

names they have given them oft reveal theirthe in therevulsion and 'sense of despair. For vealh. 

South Pacific. Mikni,i cordtjti is known ias "mile-a-
nae for Chrono-minute." while in Nepal the local 

laena odorata means "forest killer.- Lnaided. small 
farmers often despAir of ever c:ontrolling such plants 

farmrs fte (lsp~irverconrolingsuc plnts
If 

and move on to clear more forest (an(1 often to repeat 
the process) or on to the slums of the cities. 


Weeds which take over andl deny utse!o asue

includedsiiuh quiakovr j n denym sof pastures

iclu0(1e Psiprictn Lntan cainara. Fri
chachne insularis.Stathytai'pheta spp.. Elpatoriuni 
spp., and many more. 

Clearly weed contrcl is and will be a significant 
management need for improved use of hill lands. 
Otherwise, the weary cycle of clearin:g of the forest, 
shorter and shorter periods of prodoctive use for 
food or fodder, and eventual creation (if weedy 
secondary forests or degraded grasslands will onl-
tinue. 

Erosion Hazards 
No discussion of hill land prodltion systems 

wouId be complete without a discussion of potential 
soil erosion. The tlumid Tropics receive a great deal 
of rain, much of it in heavy downpours which can 
reach 150-200 mm or more in a 24-hour period. 
One question which might he asked is, are tropical 
soils less or more susceptible to erosion under heavy 

rains than temperate zone soils? 
The soil loss equation is given as A = R K LSC P 

(Wischmeier and Smith, 1965), where: 
A = computed soil loss per unit area 
R = rainfall intensity and erosive potential 
K = erodibility factor of a given soil 
L = slope, length 
S = slope gradient
C =:ropping managenientC = erosion ontrol ra ctics 

A review of the several fctors affecting soil loss 
will reveal that maev Of el fators are beol thle 
control of ymi:are rainfall, inherentm these soil 
characters, and slop grtlino whre rrac
c 
ing or regrading is d ,ne).Factors which imnit call 

ral pria ti (:,s, or sper:ificalter arte: slo pe length. cull 
of sle w lngtherosion control practices. Rducion 

by piling field debris, rocks, nd logs: cutting small 

otour chamnels; or building small contour binuls 
most lIT hill cultiviators.is certainly possible for 

Cultural I)ra(:ticvs which increase infiltration mid 
reduc ailmlount of bire soil .xposed to high intlrnsilv 

ofrainfall is probably urwc thi most im porltan man

agmient st.)s available. 
One majoir question rein,iins: just tow erodablc 

are tropical soils in the hills'? Recent erosion stiudies 

H-awaii revealed that K values for foor soil orders 
increlswdi th K vllis lr four sol ores 
incr sl i seri ot l .Iceisl sxis 
and Vertisol (Dangler. vt a]., I976). In thesr studies 
a wie range of K vaues ws obined, fro to 

0.60 (Table 1). Wet soils wer, inore subject to erosion 

than dry soils, owing to gradual weakring of soil 

aggregates aftr wetting and to greaer runoff resull

ing from earlier ittilinment of soil slt urat ion, and 
therefore low water intiake r;at(. Soils (leriveld from 
volcanic ash dispjlayed it wide rirruge of K values. 

Soil Conservation Needs 

Soil conservation and protection structures and 
esajashou, 


practices shuld be ea1atnd uding:
 
a. terracing-bench, sloped, etc. 
b. use of check darns, diversion ditches, control
 

over waterways
 
c. contour cultivation 
d. strip cropping 
e. sod crops, cover crops, c;ontinuous soil covers 
f. suitable legumes and soil-holding, soil-build

ing crops 
g. minimum tillage 
h. protective inuhches 
i. revegetation of hare. erodled lands 
j. huilding soil fertility 
k. revegelation and managemernt of strip-mi ned 

lands (ha uxite, other ore-bearing hill lands) 
1. pasture establishment an(1 management 
m. controlling unauthorized burning and cutting 
n. inclusion of legumes in farming systems 
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DISCUSSION OF SPECIFIC CROPS 

Plantation or Export Crops 

Banana is commonly found throughout H1'T hill 
lands, mostly at elevations below 1000 m. The crop
is managed in several ways, from intensive, large-
s:al plantation production for export, to use in 
intercropping systems on subsistence farms (Sim-
mionds, 196H). It can be the primary crop in inter-
cropling systems or an inlercrop. 

Rulati\'es of banana-albaca (Al. lextilis) and plan-
tain (AI. pariadisiaca)-fit much th,. same role as
hliaiani inlIIThill farming systems. 

l3,iiana caiinnol sland much weed competition; for 
hat reason it is necessary to filrid satisfactory cover 
mi iagmen iv which will provide weed control hut 
which will rlot con tribine to soil erosion, 

Cacao is mainly iacrop of the lowlands and is 
usii vallygrown below 500 mi; however, if tempera-
urIs are suit lhe, it can lie grown at LIp to 1 000 

II. Biest growth is at about 200 to 300 i 	(Ochse
v/ 	al.. 19it). 


Caiao 
 is often grown un(er shade or inintercrop-
ping syst ens (U rquhart, 1955). As with other tropicalcrops, wev( conlrl is importanlt. Some farmers 
ring-weed around Ihe trees and slash down weeds
in the iliter-rows. In shaded culture, weeds are less 
of a ir(,bhemIbecause of the shading by the heavy
c(arioply. 

Cinu:hona, a native of the highlands of South 
Anwrica (Taylor, 1945), has long been associated 
with IT hill lands. In its native habitat it is grown
from rbout 900 to as highi as 2 500 rn or more. Mostly 
grown as it plantation crop. il lava it is grown alelevations of aliout 100 mlnaid 2 t)01n. 

Cocotill is grown ilong thle coasts aind on pen-
insulasof the I l. It beconies a part of hill agricullture
from near sea level to about 500 no near equatorial
regions. About 90''; of the world coconut lands atre 
inAsia. Coconut is probably intercropped more than 
any other tree o) in the world. Ilill systems include 
in t rcrops such as natural pastures, iriproved or 
cultivated pasturrs, cassava, abaca, edible aroids,
maize, local fruit trees, other palns. inany staple
food crops, and evn spice and condiments. Cover 
management on Ihe land beneath the palns is always 
a problem, and ranges from frequent cultivation,
occasional mowing or hand slashing aid cover 
cropping to intercropping mid pasltres. Co:onut hill 
lands comprise one of the most promising food 
production tritnials of any IlIT hill lands, for they:
(1) are close to markets and Iransportation, (2) usually
lit close to population centers, and (3) are often 
found on some of the best lands of trrpical countries. 

Coffee is i traditional hill crop arid has long been 
a source of income for hill farmers. Best quality 
coffee is )roduced at higher elevalions-1 200-1 700 

m in the best producing areas tOchse et al., 1961).
Many people believe that coffee can only be grown 
on steep hillsides, but this is not correcl, for good
quality coffee is grown on level or near-level landsin Kenya and Brazil (Wellman, 1961). Coffee is often 
grown with shade crops; in these systems lower rates 
of fertilizers are usually used. Unshaded coffee can 
be grown successfully if fertilizers are used. 

Weed control is a continuing problem, anrid there 
has been much work on finding satisfactory weed 
control methods which will also hold down soil 
erosion. -Mulching has been used successfully in 
some areas. 

Intercropping and mixed cropping are not com
mon in coffee. However, some very interesting work 
on intercropping with plantains and papaya has been 
done in Puerto Rico by Jose Vicente-Chandler and 
his co-workers. Xanthosoma sagittifolium is shade
tolerant and can be grown as an intercropped food 
crop with coffee. 

Oil palm is mainly a crop of coastal lowlands 
(Hartley, 1967), but is also grown in hill lands. In 
Malaysia where jungles are being cleared to plant
the crop, bench terraces are constructed on hills 
to grow oil palm. The crop is mostly grown on alarge scale, especially inAsia, and is seldom inter
cropped. 

Ruhler is basically a lowland crop, the best growth
usually heing obtained at elevations below 200 m 
(Polliamus, 1962). Above that elevation trees grow
slowly; however, some higher sites have been suc
cessftnl because of favorable climatic conditions. In 
general, for each 200 m of elevation, tress take three 
to six months longer to reach tapping size (Ochse 
eI 	 aL.. 1961). 

Mostly a large-scale enterprise, rubber is seldom 
intercropped. Ctver management to control weeds 
and prevent soil erosion is a major problem. The 
Rubber Research Institute of Malaya has been a leader 
in research on cover management.

Tea is another traditional hill-land crop. A cool 
climate crop, it can be grown at elevations of up
to 1000 m (Eden, 1965). Cloudy weather slows 
growth of the bushes. Weeds and cover management 
are always problems for the producer. Weeds must 
he controlled, but accomplishing this without caius
ing soil erosion can be difficult. The objective used 
most frequently is to encourage growth of less 
competitive annual dicotyledons as a "living mulch
and to control perennial weeds. It is difficult to filrd 
alternate uses for marginal tea lands because of steep 
topography, generally low soil fertility arid, some
times, seriously eroded soils. 

Teak is an exotic hardwood. Teak forests are highly
prized and are carefully managed. Some teak is 
harvested from natural forests, some is planted ani 
grown much likeany other cormmercial crop (Mathur, 
1973). 
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Food Crops 

HI amrts growinuch of the world's rice,Rice. of it uinder lowlalnd flooded condi-

the hills also are important rice-
al large amo(,unt 

tions. However, 
mostly for upland rice. includingproducing areas, 

grown in hbtnde d te lrraced lands set
flooded rice 

up to impond rain Watier, as well a5s in linfed 
rice fields without bnds (IR,,I. 1175). Vst areas 
of rice are grown tnder these systems, and a consid

hill lllds. Yields areerable proportion is grown in 
very low, owing to infertile soils aind intenise weed 

competition. 
Hill lands also include so)m, small arteas of irrigll-

ed rice grovn With (:olltrolled Wilte. Wat," sourT's 
may be from stretiln (iversions or reservoirs. 

In addition to l)ing a sotireof wate.r for ilrrigated 

rice, adjacent hills are important to rin:' farmners, 
some of whom also may cultivatv soni hill linds 

for ciatch crops. suppleminttary f))d crops. or for 

fodder. 
Cort. Another basic cereili (c ItT hill linos is cr)i. 

In Central and South Aieric(a. mo1(st ;w:tl is grown 
ill mixed croppig" sy'stits with hb.,1ns. In Afric,l, 
root crops such is (:.ssava or "'ocoVl (.\'Inthoso-

il silittitoli)lin(are inllr:rotopped with ;:)rn. In Asia. 
corn is frequently growt as a .(i, crop in small 
hill fields, 

basicThe Tropiai] Root Crops. Root (rops ire 
t il t ' )  

staples of many farmnters. Includ(d arv sweet po 

(Iporno: ihatat,ls). tfaro o oc asia ,S c le , . v.. ii 
or cocoytIn (.\'lithosolt ,d0,ittiloht)t). various 

yams (Dioscorei spp.) and (:assaiva \laM,itihot o.st:1-

enta ). Mlany of these c:rops ire -row\n as intrcrops. 
is the s\f.( t potato s:ubsis-A notewoirthv hill .yslfn 

tence farming systen in the highlalnis of Nvw 

Guinea. 
iireOther less well-knowvn tropical root tiops 

A/locasiit rnacrorrhizaand A\morphophaIl s caipan-

ulatlUs. 

Pulse Cr-ops. Many griain legtimes re grown in 
thePhlsr. Manye g'rapigenhpea,l(:js ,: ,.l ian, 

the hills. Included are pigeon poa (Ca jaus ca/on), 
Liommon beans (Phaseolus\ulgaris). awpndi(.tier 
unguiculMo ) peanut tArac:hishyposama)) and others.ta 
Most are gro-wn as intercrops, 

Vegetables. A multiplicity of vegetables is grown 
in hill lands. Too numerous to enumerate, they range 
from multiple-purpose Legum inosae, leafy members 
of the Cruciferae. various Solanaceae, to variots 
Cucurhitaceae. Probally more than 100 species of 
plants are used as vegetables in the tropics for edible 

leaves, fruits, seeds, pods. stems, etC. Vegetables are 
an important source of vitamins anti minerals in 
subsistence diets. The Asian Vegetable Research and 
Develo~pment Center is working to devel.op soitale 
vegcetables for iT lands, 

Tropical Fruits. As with vegetables, many fruits 

are grown in I-IT hill lands. Many of these fruits 
hilare little-known outside their prolucing areas, 

they provide variety and flavorful nutritional valuesto tlhe:(diet, while yielding good|(l ine forit irts. 
s

payat , itUS of all kinds. avocdo, ngo. ang 
ell 

teen, ri utan lnelln s, sw etsop o,tS ll) i 
ames re little known in 

grown , nvof these 

the tenperate zone, hut they are important in their 
own right ill 1IT hill lands. 

Non-Food Crops 
Hill lands are used to produce rmany other crops. 

including spices, conlimeits and other specialty 
crops. 
SPECIAL NEEDS OF HT HILL LANDS 

If lT hill llnids ie to be productively CoIsi'eVl(i 

for flitirt, g(m 'rtit ioins, ii lntiilnil r of leasli'es, Inally 

Ot thell interrelIated, will be necessary. These in
clude: 

(,. Appropriate i(i itiequale soil and waviter (on

st,,'vivtio'tIndnillmlngent1l prt:tices to pr(vent soil 

erosioll and leh(:linilg fertility. wt:ltdedhewill 

measures su:h is terracing. cover cropping, cover
 

linagennt. strip cropping. ilinimilln tillage. or
 
other practic(s which (:,n de,l with hwavy rainfall
 
ol steep lands. State-of-the-,rt stiles to evllulte
 
existing practices coild help to inventory (:tlrret
 

it AI., 197i). s. searichknowledge (1Plto:knelt. 
will be nee(ldd. 

(b). Shifts in lind us(, in :lld i g iltentsificatio n 
of produ(t ion ol better lowlands, in tirdii"to reo(iCe 

pressure Oin mirginal or suiniarginil hills. To do 
those with highthis in soie contitries, (spvt:iilly 

erosion haizard r veIy low soil fertility. may rquire 
land reform. 

of er(oded areas(c). Reforestattion (or re\'egetatioii 
oror degraded graissliinds with heguinlus trees 

to huil soil fertilityother plants which can help 

oi call tolerate suo)-optimlill soil iCOnditiolns. leocaNa
 

a hardy tropiial shr l) or tree, his

leouopha a. 
been use(d sIct:cessf tlly for this purlp)su! in Asia, 
notably in the P1hilippines and Indonesia. 

(d). Alternate soiiurces of firewiood, c;har:oal wood, 
and in Some cases, fodder or pasture will be needed 

to take pressure off already-denuded or d(egrdliehd 

lands. 
(e). Watershed management must lie imlproved. 

Most countries should improve their capability in 
this area. State-of-the-art studies should he made 
now in order to bring together the pool of knowledge,
published and in practio:e, on sucessfll and unsuc

cessful measures andi practices. 
(f). For many countries, inventories of land us( 

potential and land use classification and mapping. 
(g). Special research centers or stations to serve 

hill land farmers more effectively. Special appropri

ations and resources will ie required for many areas. 
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(h). For many areas, improved management of Simmonds, N. W. 19i6. Bananas. 2nd ed. London: Longmans. 
tropical pastures, especially where animal protein Spenc:er, J. E, and Thomas, W. L. 19411. The hill stations and 
is neeted, whether from meat or milk. summer resorts of the Orient. Geogr. Rev. 3t:6i37-51. 

rayhor, N. 1945. Cinchona in Java, the story of quinine. NewA SUGGESTED STRATEGY TO ASSIST HILL York: Greenberg.
 
LAND-BASIC NEEDS Urquhart, D. II.1955. Cocoa. London, New York, Toronto: Long

1. Mohilization and deployment of knowledge, mans, Green and Co. 
both published aind in practice, about mlnieagellent Wellman, Freerick L. 1961. Coffee. New York: interscience. 
of hill lands. White, C. L. and Runnor, G. T. 194H. IHuman geography; an 

2. 	 Find ways to achieve technology trailnsfer from ecohogica stoly of society. New York: App leton-Centnry-Crofts, 
Inc.one Ill"area to another. 

3. Build anti increase awareness of problems and Wischmeier, W. Ii. ,rod Smith, 1). D.1965. Predicting rainfall-ero
slott losses from :roplanod east of the Rocky Mountains. USDAopportunities for HT hill lands: for governments, Agr. Ilandihook 21t2. 

community leaders, the publ)1ic, and farmers. 
4. National research inventories. 
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grass in the Phillipines covers I to 9 million ha, 

Which is a surprisingly small area. There were 15 

million ha of this grass in Indonesia before the war 

and the lastest estimate is about 40 million ha. FAO, 

before the Viet Nan War. estimated about 30 million 

ha in lhe MeKong River countries, so that enormouS 

areas are involved ajnd the individual cannot control 
it. Now. fortunately. and unfortunately. I'm also 

chairman of the Advisory Bureau for Trpical Agri
culture locaited in 'Tlhe Ilague wherethere are peole 

with 30. 40, 50 years of experience on this kintd 
of problevt. geetno answer fromImusts 


fromllthe World Bank 
and lthe last thing hat I hope now is that they got 

advice from IITA, where they' are working (intro.picll 
effort 

itnolli--v-not from F"A-not 

agricultural systems in the 	 interat ionlill to 

do soething. But apart from shading. is ol s v, 

quite rightly, can the grass he controlhd? :'l-e 
zomes of these grasses are fire resistant. Youl did 

not mention specifically fire. which is the only tool 

that the peasant has to control shrubs iand grasses 
and at the sanme timt, stop a grea dang ,r. 

A variety of Eupatoriul odorattin. ifiscovet d 

after WW II in Burma by prison rs ot war and in 

West Java. controls nemitodes, (]()ts not burn. and 

does not becomt a weed itself. In colmbinltion with 

sone legune crops it cmtrols 	weeds %v'erveffect ivelv 

by smothering 	 because it will never burn in the 

driest season or the driest climate, n ltheplanaltos 

centrale in Brazil for instince, and it can mintrol 

very effectively and at low 	 cost. So Iy question 
to you and to this whole audfienc is: Why disiover 

a new method 	 when 25 yea's ag a imethod \-its 

described and nobody wants 	to fillow it'? 

Plucknett. The 	Eupatorium system voi men. One' 


of the reasons it hasn't been adfopted is because it 

hus become a serious weed in itself. 

deVries. This varie:y blooms only one month it year. 

Plucknett. I didn't know anything about the one 
that onlv blooms once in a ,'ear, but Eupatorium 
odoratum is a very serious weed in nixy parts of 
the world. I would like to say that I iagree entirely 
with vonL that we can only take a farming systems 
approach or a 	cultural approach to management, 
for example, to control Imperata. It is one of those 
grasses that does not do well under shading and 

there is work going on in the Phillipines right n:ow 
which looks 	 very promising-using Leucaena 
leucocephalaon degraded grassland. The giant Leu-
caena will grow to 60 to 80 feet inl 7 or 8 years 

and shade out the Imperata. Imperata is a serious 

problem and it is very hard to control. There's no 

question that we need to use more mixed syst ems 
uswhich will incorporate a legule that wvill give 

a particular benefit in the system and also reduce 

weed growth. Centrosema is used very effectively 

illMalaysia, for example, for co.ntrolling weed 

growth in the early stages of ruhher production. 

Harold Barrows (USDA, USA). In your talk y)u 

mentioned the transportation system and ilso Ihe 
marketing system. Do yol have any figures Ihi 

would give us any indication of the amiount of losses 

that we get in the tropics before the food actually 

gets into the halnds or the stomachs of the consuier'? 

Plucknett. No. I doi't. '['his would be very hard to 

C0i- lip with. I guess it could he calculaltedo 	 if you 
the farmer profduci-'s.cmld figure oit how much 

how much he and his family are aleh to,transport 
or on the Io:kson their theads or on their bicks 

of their animals to the nearest market, and then how 
\owmuch is spoiledltlmuch Ii's able to sell and 

at the 'Itl o(f the litv.It is veiryv difficuilt. 'l'her,' is 
I thinknt qIiistiontthatther ,re Seriols loses: 


in many casis the ,niouint (,ffild arvea th1t a firmer
 

dw;s lliniilg' is eiit irev gilred to 11t. I'llcmtint that
 

he, i:an airket, that amount that lie ci o:tually
 
physically carry 	to rarkit. Just Lking a iwk at whit
 

llirki'l is in()tillo gh bei.:,sllse tlhlre
C(onim s into the 

must h' iaway of colning to grips with losses ind
 
problerns fawl, it farm lev., It iut1st hi, significanl.
 

If you go into m ,st fe!vIlo)ping c;ointrv markets,
 

there is fou for sale, there but viry often pople
 

~You on't se v iniikels that (ho norey.s 


food.
 
nusbuyingualdly d it foausi they haven't er'iiihnot have o mell 

Dick Tinsley (Irri, Philippines). I'd like ti conuu'ent
 

on both quesIlions that haive ben brought uil).
First. 
on the marketing of vegetahles, onel estimiate that 
Ihad in Vie! Nn was thit between the trimsportt uio 

between Dalit to Saigon, abnut 50%'', losses were 
taking place. As far iasthe conlrol of Ilnpeirl;, I 
think in th(e CaIiz provincei inihelPhilippines sore 
farmers ire actually trying to get soie citrol on 
it fly inlerplanting it with sugar i:aiie. I dfri't knrow 
of any research on thait; I just know that a :ouph! 
of farmers' in! rviews indicated that they were able 
t)get some ,:otrl of the Iml)erata by phlntinog stigir 
cane. 
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The develop men Iand use of hill lalnds for intensive 
agr'icullure represents a comparatively recent yen-
lure inSri Lanka, and dates hac'k to the opening of
Iie pltnlations by the British nearly oie and a half
centrLies ago. Since then the hill country has con-
triluted c: siderarnv. rds the e(;onomic devel-
opment of the country. and evi.: today remains a
ilijolr colrihltor to nationni i.wome. The hill 
:ounrtry in Sri Lanka c:omprises it central masif of
hills, cleiarly marked out from the rest of Ihe Island,
which logether form a distinct natural region (Fig.
1). The lnd everywhere is over :100 In albove sea
level. Iv highest section consising of ranges be-
tween 1500)-2 100I) . It is drained hy the head
strelrirs of several rivers, of which the Mahaweli
9,ng"d is the master stream. As the hill country isIii(lhe (I ) of a series of latileaus, livers crossing them
hatv, to lel )down from one liltean to anlther, lnd
this :icounts for the, seri(s of waterfalls found righl
round the hill counirv. The soils (ofthe hill couti ry
;'. derived From crystAlliie igneous anld gln.issiC
rO:ks ind consist mainly of deep lterilic loams.
Tlh IeIon annual rainfall, which is largely mon-
soonri, viries from 25-10-5(10 mm and ilie area
is classified as wet 
of luniperalure is more or less controlled lv the relief,
isothermal lines being m)ore or 

l irgelva zone. 'hie distribution 

less coincident wilh
the i;ontoiur lines. The hill country is therefore 
gen r-a %,cooler, the)hrlan eli 
 perat Lire bei, g around

'210 C at I(0(0 i and '150 C at 2 000 i. 

Sri La nka's rec:orded hist ory goes raik over 2 500 


years.The inllcienl Sinhalese, who were traditionally

rice farniers, settled largely in the lowland dry zone 

and developel 
a flourishing tlnk-irrigated agricul-

lure. They found little Inoallrar:t theim in Ihe hill 
cou ntry. Only when n:ondilions Ihecalnie difficull for

Ihem on Ihe plains (du(,eilhler to invasions or the
outlbreak of malaria. (fil
they move lIo the dry eastern
half of the hills and the plaleaus where they could 
cultivate padly on neatly terraced fields. There werehardly any set tlements abhove Ilie 1:10 Ill;ontoLr
line. I'll(!higher hills were eilher largely forested
oir consistedI of grassy plains andilhe people had
little oir no use for these lands. 


The development 
 of intI ensive agricultre on the
higher hills dates hack to the time when the British 
giained :nitrol of the entire island in 1815. hEarlier, 
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the Dutch, who had ousted the Portuguese, had made
certain sporadic attempts to establish plantations,
first, cinnamon andl later coffee, hut their efforts were
unsuccessful, particularly because c:offee was found 
to thrive only at the higher elevations which were 
not under their control (Mills. 1933). This difficulty
was overcome wilh the arrival of the British v,,ho

gave every possile encouragement to coffee cultiva
tion by albolishing the export dily onocoffee in 1825,
waiving the land tax on coffee plantatio ns for a period
of 12 years beginning in 18329, and hy equalizing the
duties on Ceylon and West Indian coffee in 11335.
Ceyhln coffee thus found itself in a highly competi
live position due to these factors, and coffee cultiva
tion soon began to attract the attention of foreign
investors. So great was the interest in c:offee produc
lio n during this time that usualit is to refer to Ihe
developments in the early 1840's as the "coffee
mania." The area under coffee expanded so rapidly
that within about 30 years more than 121 200 ha
of virgin jungle land had been cleared and planted
to coffee. Coffee, a tree c:rop, was found to grow
easily oii the hill slopes. No terracing was necessary
and jungle land now began to yield considerabie 
returns. Once€( the success of coff(ee cultivation was

assured there began a steady inflow of British capital

into the plantations. The growth of the plantations

accelerated as the system of roads and 
 railways
developed. The construction of roads was necessary
primarily to transport the produce which was mainly

for export. By 1I60 more than 
 4 820 km of roads

had been constructed to cover largely 
 the coffee
plantations. This represents a substantial achieve
ment when it is remembered that these were in the
hill country running along steep gradients allidcrossing innumerale strea ins and rivers. The first
railway connecting Colombo, the capital, with
Kandy, inthe hills, was completed in 1867 and this 
was extended to Nanu Oya in the higher hills by 
181385.
 

The rapid expansion Of coffee cultivalion also ledto a greatly increased demand for land and labor,
and had an unsettling effect on the traditional village
economy. In its anxiety to foster the growth of the
coffee industry the government of the day also
embarked on a land sales policy which had the effect
of depriving the peasants of their traditional chena 
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Figure 1. Relief map of Sri Lanka showing land utilization in the hill country. 
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lands, i.e., jungle land used for shifting cultivation, 
and the peasants were left only with the valley
hottorns in which to eke out an existence. The 
indiscriminate felling of forests also led to( a good
deal of soil erosion and the silting tp of tanks and 
rivers thevehy impoverishing the peasants further. 
Many of ihen took the easy way out arid sold their 
lands to the plantations. This :reated a class of 
landless peasants. Many of the present-day prolem;
of poverty and landlessness among the Kandyan 
peasantry can thus he traced to Ihe opening of the 
planiations (Jogaratnam, 1964). This was the first 
stage of the development of the higher hills. The 
coffee iudustry reached the height of its development
in 11170, but crashed soon after due to tihe devastation 
ot the iplanlations ly the coffee blighl, 

In Ihe franlic search for new crops the planters
(;ame upon two, tea and ruihhder. Tea, which occupied
scarcely 400 ha in 1875, expanded so rapidly that 
)y 1900 nearly 162()00 ha had been developed.
Rubber was introdu ced around 190(1 butI within 25 
years it to(i had come to occupy anolher 162000 
ha. Thus, within a period of about 100 years, niore 
than 405000 ha of jungle lnd hal been developed
and brought und(er plantat i(n crops in the hills. This 
had been achieved by the large-s(;alh inflow of foreign
capital and forw:n lahor (imported labor from Soulh 
hndia). The spitad of thbe lianlation system with 
its emphasis on large-scale methods of (ultivatiion,
heavy use of capital and ]la(r and producti(on pri-
marily for exporl had completely oiverwheliied a 
self-contained, rie-oriented village r1,nomy.

Today, nearly 110 yel's after the first commercial 
planling of tea, that industry has developed into one of the best organized in the country, the principal 
earner of foreign exchange mnd a major contributor 
ti out national inconie. The )tal area under tea 
at prisent is estimated to be aroulnd 243000 ha. 
Nearly 2/3 of this is in the higher elevitims where 
whole stretches of the hill counlry are covered with 
this crop. Since climate has a marked effect on the 
quality of Ihe final product, although a broad contrast
is maIde iet ween the 11ow country anti the hills, a 
distinction is commonly made among teas grown
in the three elevational zones, i.e., low-grown (sea
level to (300 ni), ruedium-grown (600-1 200 i) and 
high-grown (over 12(10 n). Approximately 251%. of 
the total tea area is low-grown, 39% mediunm-grown 
anid 36'% high-grown. Tea plantations in Sri Lanka 
also have been traditionally classified by planting
districls, a term which came into being as early as 
15(3 when the existing coffee aireas were defined 
using either large rivers or well-known mountain 
ranges its boundaries. There were 46 such planting
districts and sometime teas of particular type or 
luality are identified on the basis of these plarting
districts, 

IUntil the introduction of land reforms in 1972 

and the nationalization of foreign-owned estates in 
1975, foreign interests owned about 1 /3 of the area 
producing tea. Of the 2/3rds balance, about 52% 
was in the hands of rupee companies. Most of these 
estates are economically productive units and it has 
been claimed that some of these estates are among
the best run agricultural properties in the world. 
Production depends on a number of factors such 
as soil, variely, elevation, manuring, etc., but a major
factor in increasing yieids is better methods of 
cultivation and bush management and the use of 
nitrogenous fertilizers. Vegetative propagation o' tea
has also resulted in the selection of clones with 
a high yield potential amounting to nearly 3400 
kg of made tea per ha in the hill country. These 
are being used to replace seedling plantations which 
comprise 2/3 of the total tea area and are between 
80-90 years ol. 

Small holdings of tea, on the other hand, which 
account for nearly 17% of the total tea area and 
consist of 4 ha units or less, are located mostly in 
the lower elevational zones. The majority of these 
contain barely 2500 tea hushes per ha (optimum
density 10-12500) and a good many oi them are 
no more than village gardens with a mixture of other 
crops such as cocoa, arecanut and jak. Generally 
as I result of the failure of small holders to adopt
improved cultivation methods and the lesultant 
erosion, the soils of many small holdings are now 
in a condition unfavorable to reasonable produc
tivity. Since 1959 the government has attempted to 
improve the productivity of tea plantations through 
a tea replantinq subsidy sch;.me for estates of over 
40 ha, anl a rehabilitating scheme for improving
the agricultural condition of tea lands by the ap
plication of frrtilizer, adoption of soil conservation 
measures andt the planting of vacant plots on estates 
of less than 40 ha. For re-planting the target set 
was 2000 ha annually. 

New tea plants cannot be established until the 
soil has been rehabilitated after the old tea bushes 
have been uprooted. and this is done usually by
planting Gautemala (Tripsacuin linum) or other 
similar grass for periods of 1-2 years. In preparing
lanl for tea planting the three essential requirements 
are a(lequate protect ion from erosion, good prelimi
nary cult ivat ion to permit proper root grow 'h and 
development of adequate shade to protect both the 
soil anid the young growing plant. The construction 
of reverse slope drains is also commonly practiced
in Sri Lanka. The earlier method of planting tea 
in lines up and down the hill was so disastrons 
that it was replaced by contour planting. 

Tea is a labor intensive crop. Culivation opera
tions on tea lands are dlone by manual labor and 
so generally a regular lahor force is employed on
tea plantations. The labor requirement is approxi
mately 2.5 units per ha, and this is particularly 
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advantageous in a developing country like Sri Lanka 

where the rate of unemployment among the young 

(15-24 age group) is over 40%. Mechanical methods 

of cultivation, though possible, particularly with the 
of clonal material and slope pruning,development 

is in fact unnecessary and might even he harmful 

in these circum stanlces. 
into Sri Lanka with theRubber was introduced 

turn of the century, and British capital was largely 
responsilile for the opening up of these plantations 
as well, following the coffee crash. Rubber produc

to the wet zone because of climaticlion is limited 
so that it is confined to the lands of

restrictions, 
low and medium elevation (600 in) in ireas which 

come under the 3 175 m i rainfall isohey t. Seedling 

rubber raised in nurseries is planted out in new 
arc about Mt-24 iontisclearings when the plants 

o(. at spacings generally btween 7.2 x 3.6 mll 
7 vears ofTapping generally commences at 6 to 

levels 
age and the output is maintained iteconomic 

for another 25 years. The total area under ruhhr 

in Sri Lanka is generaliy around 230000 hia. The 
was intrlluceilrubber replanting subsidy scheme 

in 1953, for replanting the old worn out ruber with 

budded high-yielding clones. Rubber production 
to this scheme and hy 1971.increased steadilv due 

of the total of 230000 li.itsiSttdI129600 ha out 
of replanted rubber. Small hders' rubbr occupies

industrya nI:':,e significant position in Ilhruther 

than sina!! holders' tea in the tea industry. The yiild 

per replanted ha is approxi mtely 1 000 kg c:orpared 
was only t550 crops is already availablewher the yieldto old rubber lands 

kg/ha. Ruhber cultivation an estte basisemploys 
1 labor unit per ha. On this hasis the total employ-

rient through rubberculivaticn in Sri Lanka is about 

230000 persons. Sri Lanka's rubber production, 
unlike that of tea, is only a minor part of world 

natural rubber production and varies frcim ahout 

5-6% of world production (see Table ' for cunpara-
tive figtires 'in tea and rubber production). 

AGRICULTURAL DIVERSIFICATION ON 
UNECONOMIC TEA AND RUBBER LANDS 

The Tea Co'amission in 1968, aftr examining 
recent developments in the world tea ei:onoiny, 
suggested that market forces would sooner cor later 

determine what areas would eventually have to gci 

out of tea production in Sri Lanka (Tea, Commissiion. 
1968). This would include not only marginally 
uneconomic areas but also areas surplus to our 
requirements. The advent of vegetatively propagated 
clonal teas with high-yield potential and the ad vanc;e 
of t.!(,hnology had clearly demonstrated that Sri 

Lanka could produce all the tea she needed on nearly 
1 /3 of the total land area now devoted to tea. Further, 
high-grown teas fetch premium )ri:es in the world 

a greater c(oncen-market and hence this called for 
trated effort at the higher elevations. The remaining 

TABLE 1. Some comparative data on tea and 
rubber production, two major crops of the hill 

country of Sri Lanka-1974 

'h[.lls 

,iio l , rts,,rid 


(t110 MIT)Priduit (1 00(0 h) 100(01 Mi) 

""., 242.- 204.1 175.5 
Rtbber 228.0 136.5 128.4 

Siiurc: Riporl of the CeilriI Btk. ri 
tEslimidtI. 

V.1,111! of I.mply
tt 

(Mi liltti (I l'htt
uniik 


Rupees) siits) 

i(:I1 06 
7:11 9((i 

t.kL 

/ of the tea area, mostly at imiedium elevations, 
to the productioncould then profitahly he diverted 

popuof alternative crops. Rapid increases in human 

lation had also resulted in strong pressures on 

,cVaiLle lind resources for the cultivation of food 
could enhance the ecollonllicd d cish crops thit 

well being of the populaiton in the area. 

The clhoice f alternative crops wouhl he deter
) the1iniicd by (ta) the ilJ)tlhility of the crop 

lcgit,.l cinliticis cttiiiing on tea land, (b) 
a regular short-term inprfitability-larticularlv 

ccvme, an(ld (c)its potcntial bir earning or saving 

foreign cx('ange. el Irccmising crcps satisfy
nd ainong thest: special mention tiustth se(:ritvrii. 


be miade of the following for which fair anount
a 
evidence and experience with theof experirnental 

in Sri linka. 

1. occmot Pam. t.Hxpcrieuc:e with the i:occcntit 

palrn, which is Sri Lanka's third most importalnt 
plantation crop. shows that although it grows hest 

nelr the sea, it can he raised successfully up to 

an elevation of 450 in wilh a well-distributed rainfall 

from 1 52(1-221H) mm. There is tlhus the possibility 
smallof replacing tea with this c:rl,. and the tea 

holder may well conrtrl his lea plantation to a 

c:o(ontit plantation. Well-managed cocc:clniit t)lantii

tions can give an average yield cif over 7500 nuts 
per ha, though yields of 12 500 to 15(000 nuts per 

ha have heen attained oin adequately fertilized 
plantations. 

Even inore attractive is the possibility of interc:rop
ping coconut lands, l)articulalrly with pasture. Sri 

Lanka is a pioneer in the field of intercropping and 
there is adquale experimental evidenc:e to support 
the establishment iIc( nlanaeIngcl~n't If species such 

as Brachiaria miliform is, lBrachiariac hrizcnithit and 

!Jigitaria decumbens under c1oconuit [or thle raising 
of both cattle and sheep. lnthrcrcpping with pasture 
is particularly successful in areas receiving at least 

2 160 mm cif rainfall, and the results of hcng-term 
experiments suggest that this ass(ciation is in fact 

beneficial to the coconut palms (Santhirasegaramn, 
1956). 
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2. Camao. Cacao (Theohronra cacao) was firs,
introduced into Sri Lanka by the Dutch. The cropcan be successfully grown at elevations of between
150-450 rn with an a verage rainfall of between 1 520Ito 2000 urn. At present there are about 20000 ha
mainly in the ifid-country. The main varieties areTrinitario ;Iand Amellanado. 'To the small producer
of lea, cacao is a very suitable alternative crop. It
is eaisy to process without expensive equipment.
Witi an ever expan(ling export market, cacao should
offer attraclive possihilities oii uineonor-nic tea lands. 

3. Coffee. The ret urn to coffee cultivation also hasbeen advocated. Coffee hil earlier reigned supreme
on the hill sides of Sri Lanka, but liter suc::umibed 
to a leaf disease. There is thus ii strong case for
the reintroduclion of coffee, puirticiiarly lh( resistant
robusla coffee iat elevations helow iOO In, though
in fact the higher hills (00- 11(m) itor'emipble ofproducing the finesl coffee of the i'ralhiitn variety.
At present there are only iilhonut 1600 hat of coffee
in Sri Lanka. Though ti, export possibilities for
:offee are Solnvwhill limited (l toIthe o; tperation

of the international coffee agreernent. there is still
consirerablh: scope for un expanded crop area to
iteet the domestic ueniand whi ch is stealily rising.
The iroucessing of coffee bearts is again a simple
piriires s well within thel!caipacity (f lthe small holder. 

4. Ieppor. P1eppler is a creeper re(quiring mloist
heat with shade aini an evenly (listril)utrl rainfall
and thirives til ttifiil suplirts tip to ain elevation
of aboul fil() In. Itis rsuiallv iaised et oultnlicailly
on Ihe shadh trees liltithid for. tea. \iii!s :oi! irititfill bearing ii lhesixlh or serrvlhVilercolenis art imorntant ftreigi ex:hage earner intl rairks 
third ut vaute iii thethir is inter-rt! iormililv tr',i~l(l, spi:es,thus ilonrsirierabl soyel fr tieexpansionof I)riser (i the hit Isides ie the firl-(:tuntl'y fSri Lnlka. a 

5. Clovvs and Nutiriei. (loves a lid tliieg aretree (:rops ilhial Irixexwell oitihe turdulating lands

of the ritid-trinlry of Sri 
 Lanka alt nl elev-ation of,30)-600 In. The evcinonnic life if) the is al(ltrees
31) veill's. Although both ilre slhw growx'ing ain t1o 
not 
 i tr' 'rtt(il 8lotit r
oll. they .ir'e 


:oel t ltit) !irilg the\' are years
)te oil etiuelrs of ftrteign exchange.

The FA) repoirt fIf19(i2 fore;ast t hat -supplies (ifltlullitg and Init! will inrevitably 1itwscurce anti I Il!
prices will I)t! high," un this has hrewil Ieiv. ''hise 

il'rvas I It1th itre not iiilill'y tr',ssvIl fonr illlltietiti! 
rltir'iscan thus Ill profihllly (i'ivrled ti thesicrops. 

H. Fodder an Pasti.e. For S)llietinlie IioWh
for:us hs Ibeen on f)dler dev'llinel for in:reasing
gtris,;lall uro/ulivily nl I/le nrtiginial Pltlilhat iolS
in (:eilral Sri Lanka. Iler the lands are mlostly
undrulating or steeply shlping, so that fodder grass
devel(om elnt fur zero grazing offers the greatest
opportlunity fun'
naxirmizing grasslarl produ:tivity. 
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Fodder grasses are all high-yielding grasses, capable
of supporting intensive animal production. Fortu
nately till. climate of the hill country is suitabhle for
both livestock and fodder. Rainfall is adequate tosupport herbage growth throughout the year. letter 
types of animals can also be reared because of themilder climate. There can also be no doubt
improved fodder species 

that 
will restore these eroded 

hill sides to ai high level of fertility alridenable them
to be utilized for more profitable crops at some future
(late if the need arises. Fodder grasses can he organ
ized very efficiently on plantations in small holdings of 5 to 10 ha in which the development ofthe fodder will involve not only the planting, re
planting, fertilizing and maintenance of the fields,
bti also theldaily routine of culting and transporting
the (ut fodder for the stalled(cattle. Dairy units
organized on this basis would be capable of generat
ing employment which in its labor intensiveness 
would be second only to tea. The performance ofthree foddergrasses at Peradeniya in the mid-country
wel zone of Sri Lanka indicates that yields averaging
43222kg/ha in the cas(t! of Pusa Giant Napier, 33226
kg/ha with Guinea 13 (Panicum maximum) and
33247 kg/ha with Sefaria sphacelata, respectively,
(can be obtained when fertilized at the rate of 336
kg/ha N per year and cut monthly. Nitrogen effi
ciency of Pusu Giant Napier, which isa hybrid fodder
derived from a cross between ordinary Napier (Pennisetlurn purpuretim) and the annual millet (Pen
nisetun I 7phoideurn ) was 1:70 compared to two
well-known grazing grasses Brachiariabrizanitha andBrachiariaruziziensis,which had efficiencies of 1:29and 1:39 respectixely (Appadurai 1973). Itis clear
that a grassland oriented agriculture on some of themarginal plantutions in the hill country of Sri Lankavill not only expand the effective land area, butxVill give high yields of human food and effectc:onsiderable savingsexpended oil the importin foreign ex:hange no,wof milk and meat.

These and other similar observations led primarily
totheestallishmetnl ofa !JNDP/FAO-assisted project
for agricultural dixersificuation on the marginal
plantations on hill lands, and quite logically the
projct( was widened inr scope to (cover both the
lilieCOrilolic lea ui; well as rublber lands. The major
objectli'e of the project' was land use adjustments 
on hill lands in order to mlake them economically
viahle units. One of the first tasks of ihe! proje:t
was to draw i distinction between tea andil ru hher
linds that were unprofitable its against those that 

tilwer uneconomic. In the first cattegory were included
all lands which. for various physic:al reasons, were
unable it) proluce yiehls that would givet a gross
return large enough to cover costs aill(] yield a profit
une(,r a specific pri(e-(:osl situation with normal
martagemient practices. In the latter category wereincluded all lands that wxould produce a higher gross 
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return if they were used for crops other than lea 
and rubber (Ministry of Plantation Industries, 1973). 

Before deciding on the alternate crops that could 
be recommended on tile tea and rubber lands the 

project undertook the necessary land and soil in-
sur-vestigations in three stages (a) land capability 

veys, (b) land evaluation surveys and (c) site evalua-
ontions. For the land capahility survey, maps based 

1/25000 aerial photographs showing soil phaises 
such as slope, depth. rockiness ind stonnless were 
used. Land classes were delineated oil 16 chain shetl, 
(7.9 cm to the km or scitd I 1 12672). 	These maps 
were 	adequate to decide on the kinds of Cultivaltionl 

oil these lds. InI ordt.r to d cide 
to be practiced 

which specific crop couldhi' grown ou thest, lands, 


however, I lind evaluadtion surv\'\ was tn t kill 
h physiog-which considered in addition, theilit ,ati. 

raphy, natil1lr of' the soil .nd thel necessary meaisures 
to develop the land. This also gaV, an id lfI the 
agricultural potential of the land after iIprovtnt 
and developnlent. 

Catchmnent Iasin ID,'v,'ltmint. As pir 	 tif thel land 
"riculturalevaluation surviv tille s)ils sectioln of the, ag 

inarite theldiversification projeci~t dlt til t , ol zonte of 

S ri Lianka inth -17 n tural regions wv re Il 111 fliih wV e 

norp)ho-tii)l~iwiil regions. ftlost' ire lohd 
in the hill coulnitrV irld c;tll ie flurther st liiidt'il 

into smaller naturall units defined by the, i:ht:hnli'nt 
boundariies of thl, m ijor struiarns. 'hi, ,rii.intui.ultiril 

diversificaltion projie :t has sll-d t ,ithlnnl basin 

is its planning unit for agricultui,tl delvehopltoent. 

The developenft-l of the Nilarohie o)va,,Athiaetw (),l 

catchment hiasin f1l(3(io hat and hit (,urugodt-i
tigaha catchment (12h6)iht il the mitld-icirltr% it 

Sri Lanka are exanples if such ,I ii'veldient plan 
(Table 2). S:n;e teailandf ruhier iirni.ininit tn 

the above catchments. till! plain eventtuillv envisaes 
the diversification of thes, lands into other l-sfis. 
The concelpt is liot in terns of piecemeav 	 l d iversifi.,i-

tion on individual plantations. hut in iterms of inte-

grated development for whole t;,ithmtls. Tei in] 

rubber will bie nirntained on sp)ecIifi, 	 zitli's of tlhe 
catchments and will he totally repliced 	in the others 

with alternate crops. The prin(,ipal alternale uses 
for tea and ruhtr lands in these ar!is will be for 

animal husandr, forestry ard setlelnnt farinig; 

the major objective beving the urgent 	 need for soil 

conservation and rehabilitation of tile 	area. 

In working oUt its development plan for setlee~ntt 

farming. Ihe pro'ect mle a detailed 	 study of it 

existing foreist garden firms in the hill (c,ounlry which 

from the point 	 of view of land luse. on hill slpes 
must be considered to be relatively efficient. The 

land (.)ver provided by this Iriditional system en-

sures reasonable soil protection at very low c;apital 

cost. The high density of tree cover anid resultant 

leaf litter, together with the iniim iin amount of 

weeding required favor soil conservation unlike tea 

TABLE 2. Proposed land use adjustments on two 
catchments in the hill country of Sri Lanka 

riA,, 
5"0l
(hvi 

I,'slV 1 Iyv Year ChIIig 
5 that 1) ivirksC Alva 01,0 

1,I 1471'_ 5253 -04 
Ruhhr N071 :1256 -20 
Crdimti 413 8(17 +9111 

Miid fori,st 
giritis 5 784 131005 1-125 

4(0.5 1517p sturi 

'Idy 	 1 5511 15581 nii 

-- (72 	 - FlI 

2 1711 - limti'r and 
f'ndr.ilkiS 

imos i:rihi.a 	 

Cmin.r.,ation 
ir,.I'r\ - 1131 

t, 
111,..tinit.iid
 

Iib 21(l  --tI 
4(15 ha l ie)nl'Itimh' iid t101..\ 2 1(11 4U5 


III I it.ni I
 
will 

ro 6-t1 
(ithrs - 2177 

'riilileitii, 109 i9 .37 
lint - 55 lli~i't i,' 

dI''"i.linlit 

.. r iiriI livirsia hun loiji, .tinii.ti i,1 

l'.nitiliin idiisriis. So I.inki 

linds whei-re regular millilal we(ding ati;elevr;t's soil 

eerosion. The tr. ition1.ll forest giirleln mix ,lnilr v 

contains rilost of he alterlite I:lois rect;oillilfel
e.g., cloves, nutmileg, pepper, cilcao an1d coffe'e. The 
usual exti.siion problems of ciinv'tililg skvpticll 

farmers tolliexv c:rops (tles not theetliri' lrise; xvhat 

is required isa i:aoncertril! effort to irliprtove culetlr-
Al practies, such as pirlpr spio:ilc g , 	 fertilizir us, 

reduction of shroh' etc.. which should li iinutoh 

easier task. S-inct!helnix ;lso ilncid!s ecolomnic 

cash crops ias well ais suhsistenc; prodnirc. incomie! 

levels would be decidedly slperior to snill tiildiigs 

of itlher tea or rubber. It is pre:iselY for trhesi reasons 

that settlenient farming based on these 	forest niixed 

gardens is being 	woven inlo tll! structire of inlivgrilt

ed agricultural dlevelopment wilhin 	 ii catcimitll 

L)enmonstration dairy 'lrlns, pilot sericulilre 

projects and several other new land t! adjusilliilts 

are being worked into these developint:n pllans: and 

have already shown considerable llroinise. Forestry 

activities in the past, for example, have 	been devoted 

mainly I the planting If Eicalyptus 	grandis and 

Grvellia robtl.l for fuel (n some of Ihe lIarger 
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estates. Existing plantations indicate that these spe- be a contributory factor. Climatic factors are morecies grow well in the catchments and average yields limiting, however, on the dry patana grasslands.of 18 in:'/ha could he expected. Pinuscarahaeawas While temperature regimes aresuitale for the growthintroduced to the catchments as recently as 1972, of tropical is well as subtropical species, soil moisand has shown considerable promise. The aim now ture levels restrict growth mainly from June tois to bring Ihe forest areas of the catchments into September. The agrcultural potential of the regiona productive stal(to conserve the soil an(] water is also determinrd by its topography, since thelresources of the catchments and to provide timber, generally steep .Aopes and the high rainfall duringpulpwood adl fuel. It is envisaged that the full the monsoon season pre-dispose the area to severeinpleumentation of the project will take anolher 15 erosion. Accordingly, forestry and permanent grassyears or so. Given the resources and the will to land farming constitute the oly feasible form ofdlo so, there can he t( doubt thal this will lead agriculture on these slopes. li the development ofto atstable agriculture on these hitherto uneconomic these lands afforestation has been undertaken in thehill lands. form of shelter belts and wind breaks which could 

retard the effects of the strong dry winds in theTHE HILL GRASSLANDS area. Experimental evidence suggests also that the
Next lo the planlations, the grasslands of the hills, interpolation of a brief fertility re-building, pioneerlocally known is ihe "l ata nas," occupy a prominent crop phase using sunnhemp and sorghum betweenposilion, extenoting in altilude froni 45( in to the the plowing up of the native grasslands and thehighest elevit ions (2 25) Ii1). These grasslands cover establishment of superior pasture could constitutei ,reii of around 65000 ha, and conslitule in a possible method of circumventing the otherwiseiml)ortalt I)otenlial resource it the development of slow rate of establishment that occurs when superiorIhe hill lands (f Sri Lanka. roi(dlv they. (onsist pastures are planted directly on plowed land. Tropi

if two d(istinct communities, the div o( i the wet (:al anol subtropical grasses such as the Panicums,
plianas. The aljority of the patan, flora tenld to Paspalums and the Setarias have been parlicularlyexhibit strongly xerophytic teluros. (;lerally in outstanding in this regard. (Sivasupiramaniam et al.,fill- dry pmlits, which occupy rlerly 9/It0 of the 1973). Based on these studies the animal proluctiontotatl arel, this ulav be attributed to climate. while potential of these hitherto uneconomic lands isin the wet palias it maiy b. due largely to soil currently being investigated, together with certaincondilions, iarti(:urlarly a black, highly acid, ierltv svcio-economic : aspects. These pasture investiga-A hirizon imlrciog libysiol(gical (Iryniss. Si"verl lions will then be isel along with the socio-c(:onoworkers have tried to ehlci(lite the origin (if thse mlic data to secure, quantify, synthesize and applygrisslamls aolnd atltrilnt theIl.ir origin viriroislv to inforrnition for the purpose of future development
IheIranlsforniatiou of prinoiry jurih hy lhe regular of Ills( landls.,and piriodic filling Jil firing for puroliss of shilft- Finally, Sri Lanka has witnessed during the lasting culltivilliol by roanll, the seve,. tessictlling winds few years major changes in its agrarian scene. Thein tie(dry patiroa ,area riling to ii timri.ohIri- nltionalizalion of most of the hills lands unde!r thespirtlion wli:h lrpriewilts thie groth of trees. lerlbi- land reform laws of 1972 nd 1975 has given theovirt soil degroitiuro resulltiig from thv 'ibhlioi- C(outr iiUniciluO opportunity to improve or transmenil of old r:offe r1liltaliors aInd till l)selliig forni uneconomic tea an(I rubtber lands to the bestof the 1Urn-lanit ratio luri(g .rly British lies with econonlic and social advantage. Several lypes of newIle l peling oft Ire plntttll s. Trilditiiially thi settlements are lein,4 worked out as iinatural exten
patihiis hie-hie used hy th, griyzi'. wh resorts sion of the Agricultural Diversification Program. Itto hurring just prior it the rAns ill order torpmrovide is our sincere belief that the increased productivityfresh sucruhirllt pilSllrage for his ber of crtle and (hat will result frr such land use adjustments willbuffito. ,oref-tirlis this prirti ,Sris lo tsev, ultimately generat( both inc;ole and euplomentsheet irosion. I'lth, problem is less severe ol ihe and vill cortrihtt? to improving the quality of lifewel pllallas, most od whi:h hiave ieen sr:rcssfully for our people. 
planteit wilh Ihe highly prodrclivie kikuu grass
(Pmeiselm cla stifimum). Kikuyu it- REFERENCESna has 1rove(d 
self oilt Ihlese laids, even under (:onditions of heavy App durai, R, R. 1975. t lndiiPtastur develolvmi m ilipimmiinlgrazilng. Two olljr :attlleto farlls, wilh tl ip rate oi margini1 pniottions in untrail 0sri Lanki. Proc. Ill 1I'h-idirer(s. hiave ben established 400 con 000'Ila (:Infim (al .,/Iitnl Iloduct iEt.. R.r. Reid. S'dnv tlit'. 

elh vations~t igh s liuro15 BOOof kikuiu at or. elevtirmtese ranging from Olc0-1 f)(ji(, ,iighllinamll,T. i-:uru.9r]i.1i4. 'Lntim,rr, ari,:Ihr , a:u:t]i Euhuior~ " ic " ttieei 
In. A1 lIh(!s: high ehleations kiklyu l u:cs highI )nnt. Iui'rnsim ,ai.:\lutaions of Agr. F,:smi.yields of crude l)rot'in, particularly when fertilized tivt . priess. pp. 117-10i11. Iowa St(! 
wil high N, Iut runs inlo )rohlemns of low energy. mills. L. A. 11):13. C, yhm nhvir British rue. 1795-1932. Oxford
iuntillUnoUs c:loudy weather iI the higher hills niay ttiv. tres. 
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Unidentified. Do you have itgovernment policy to 
limit mechanization? 

Appadurai. In de\eloping countries like ours, itis 
government policy to adopt labor intensive methods 
in order to del with unemployment. I think I said 
inmy pper that there wais o(er 4(0;. unemployent 
in the 15-24-alge group. With ripidlv increaLsino 
population and rites of unempllynwint. I think that 

it is essentiil that wemopt this its a t:ttsciitts poliiy. 
Press. This is nlw aipolicy of your ,overtn-

Rodale 
min?tproblemstl 


Appadurv;i. Yes. certainly. 

Alex Tanis (Haiti). IliAll of these developing coion-
tries, its it wits stated previously, inordier to improve 
the utilization of hill land we have to deal with 
many factors such its agt'ui(ltutral resources, lack of 
communication, lick of iredit, Lack of qualified 
technicians in order to (o the jot). aid Also lick 
of extension and research and triining of the purson-
nel. We notice that progress has been mmi' to sonme 
extent by the government if Sri Lanka, but do Vitl 
believe that itis possible tl at larger scil, illother 
regions of the globe? More and m'ra . there is i 
greater gap between the pric:es of agriculturial ;()un-
modities coming from the developing countries and 

you call match, in a very small way, the opposing 
factors that 1mentioned ? 

Appadurai. I'lltorni to the last part of your still

ment first. We embarked upon a policy of diversi
fictation of the kind that I was describing, because 
we were faced with thet samrie problem. Our main 
e xport pro d ucts are t a, rhl her, and (cociit. he(seiT 

always face problems in the world market bwciu.e 

we cannot diilale teris anid, faced wilh tlle problill 
iof declining prices ind iavery high imporl hill ol 
food in which \e ilr not at Atll self-sufficient, we 

livvisifyintg thig;igritltraIhiV! to think in lterms of y n omu iulu 
activities iasi nevistre of import sutihstitution. For

tuniately, we hail ritached it point, a certain degree 
of cornpeti'tice, in the cultivation of tea and we have 
dvlloped clones which could produce very much 
higher yields than we used to obtain so that \,e 
(cotlt] cultivate teal on probably 1/3 of the tea ailrel 
Oand
then pu thlle rest of Ihle tea alrea t the production 

of other crops. We have had free education inthe 
clntry from kinidergarten through Ihe university 
for the list 25 'virs.This has been iagreat advantage. 
The siltdrd of literacy in Sri L.ankt is ptrhIps 
the highest in Asia-we haive almost 90"., lilericy. 
This tlutlns thit extension techliques call Iroliaiy 
reaCh most farn'mwrs at little more effectively. [here 
istconcl'ltdelfffrtf ()It piart our gov(eritinertltill of 
to conscilsly love tei poplh to i\'irvrcoltl the 
prolems of high hlepenmn'e on cirtilitl types if 
products id to diversify into()othir areas so thatl 
we cdn overcome the siriols halance, of pityttlit 

tlhlh we live in i'Il ittintrv. Ithink I hit 

when \-ou have at lot of' peoph (o theiland. i.)t 

cn aichie've lot in just using the resotr:i's that 
volt have. In fl:t, if Iwer, to put it this way", lhe 
hevelipml'tlt striltgy in Sri ltnkil il the past five 

years. si.iilv, hms beell o collicelrit oitlit, or'Cs 
thit ir ivilalih tui its. We certiinly have a bktlit(;' 
of paymevnts priidlem. I,i dont lhilve foreign ix
change for the import of ciital e(quipment inl 
perhaips even fertilizers, but wel have,( ItWO tit iir 

reTsou1;rs-land ittd ivilli'. Sii governneill has 
embarked on a policy of lmd refornm which iiivolves 
lith use of their availahl resiur(es iii ordet toi 

proiltte iagrici:llurall diversifici,lion anil Ihe use of 
labor intesive leclitiologies. The cicntentration hams 

the prices of material and equipment, and also till! hee oil sinall sector agriculture becattse small firms 

fertilizers, to buy from the developing countries. DIo distributed throutghlltIi t- conltry ;iiin produce 

you believe that it is pssibhle for all the developing effectively witlhout i1very high c;pital ilIvestiliviIt. 
nations to follow the example of the government This is the philoso)hy that we have Iteen following 
of Sri Lanka, and also do you see a way in which and we hope that it vili suiccet. 
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8. 
Intensive Crop and Animal Production Systems in the
Tropical Hill Lands of Puerto Rico 
Jose Vicente-Chandler 
United S.-tes Department of Agriculture, Agricultural Research Service, Rio Pedras, Puerto Rico 

Mluch of the worhl's hilinger is concenlrated in
lie hulnid Iropics, where llhere are hundreds of

millions of ha of rolling to steep Ultisols an(l Oxisols
which have, excellent physical condition but are acid
and low in fertilily. Puerto Rico's mounthin region
is a good examph of a region with hleavy iopulation 
pressur, demanding an intensive agriculture on such 
landls.

This paper describes whal can be done with
intmisive nianagemeni lsystems on Iropical hill lands 
where land is expensive, poptiIation pressure heavy,
and Itw economy is dveloping rapidly. Although
not typic Iof the tropics in general, such conditions
do exist in many, hut Iiinited, aras and will become 
icrisingly irevlhit as theecsnonep of Ihe tropical 

The reseiarch sumniarized here focused llwas 
developing complete, sthms of intensive manage-
ient pra:ti:es for producing high ields of crops

Ihat are soil prohc:ti e, like pastures, or canle grown
in such a way toas he soil conserving, like coffee.
These systems were testel in comnercial platlings
to determine their practical and ecmomic viability.
This testinrg pointed oul problems that helped to
keep Ile research prograin on target and proved
invaluable in extending results to other fi rms,

Inhess otherwise specified all research was con-

ducted on IUllisols or (xisols containing Ibouit :3.5% 

organic miatter with ,i of about
l)II 4.11 and a bulkdensity of 1.. Annual rainfall averaged 1600 m il

and was fairly well (listributed, except for a January

to March 
 dry seiason. Mean annual temnperalure was

250 C with seasonal variations of about 50 C. Mini-

inuin dailylhtmperalures were rarely below 180 C

and maximunis rarely alhove :13' C. 

SOIL FERTILITY, ACIDITY, AND EROSION 

tllisols and Oxisols are ust, illy low in P. since
the primary mifnera ls are low in this riutrient. In
Puerlo Rico, these soils Stillply about 100 kg ofN/ha/yr to grasses (Vicenle-Cliandler of al., 1974)
ard a sttdy to determime the amoonlts of K Supl1 ied 
by six Oxisols aind 17 [lltisols to Paigohl grass 
showed thal after the first year Ille Oxisols suppliedabotit 50 kg of K/ha/yr and the lllisols about 90 
kg of K/ ha/yr. 

In the humid tropics intensively managed crops
can produce high yields with correspondingly high
demands for nutrients. Moderately fertilized grasses
removed 350, 70, and 400 kg/ha/yr of N, P, and
K, respectively (Vicente-Chandler of al., 1974).

With this low fertility and the high nutrient re
quirements of intensively managed crops, Ultisols 
and Oxisols in an intensive agricultural system canbe regarded essentially as a rooting medium that
provides anchorage an(d holds available moisture and 
applied nutrients for use by the plants.

Ultisols and Oxisols are also naturally acid with
high contents if exchangeable Al, which impedes
root growth and limits crop yields, or Mn, which 
is toxic to some plants. Crops vary widely in theirtolerance to high soil Al and Mn levels. For example,coffee growing on an acid lIltisol high in exchange
able Al did not respond to liming hut yields were 
tl'ipled by liming on an acid Oxisol high in Mn
(Vicente-Chandler of al., 1969). Plantains, however,
di(l not respond to liming on either an Ultisol high
in exchangeable Al onor an Oxisol high in Mn.'
Soybeans, corn, and green beans, however, respond
ed strongly to liming on an lUltisol high in exchan
geable Al (Abrufla of al., 1974). With all three crops,
high yields were obtained when Oxisols or Ultisols 
were limed to above p1-I 5.2, at which levels there 
was essentially no exchangeable Al or Mn in the 
soil. 

Ultisols and Oxisols are usually erosion resistant.
Simulated rainfall at 6.4 cm/hr for 60 min.followed
10 min. later hy 12.7 cm/hr for 60 min. on an l.tisol 
with a 30% slope resulted in a final infiltration rate

of 3.7 cm /hr and soil losses of 0.87 and 5.12 MT/ha

for the first and second rainfall applications, respec
tively (Barnett vt al.. 1972). 

Soil losses from an Oxisol wit h a 45% slope and1 1840 mm /yr of rainfall were 2113, 40 and 5 MT/ha/
yr when the soil was in fallow, a crop rotation and 
grasses, respectively (Smith and Abru fia, 1955).

Both these soils, typical of vast areas in the humid
tropics, were two to three ires more resistant to 
erosion than Southeastern U.S. soils. 

'Ul piiulishein repilorl y Ferliliht Atirlio ilandI os, Vhceilh-
Clunler. 
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CRO. ANIMAl, PRODIICTION IN Il,:;RT) RIC() 

Tilling steelp lillisols and )xisols of ex:elhlnl 
physic:al condition is often lilnle(t'5Si, eXlonlsive 
and (:an increasv emsion. The effect of coniplett 
land prelparation iasiomparel with no tillage of ihree 
typic:al liltisols and ()xisols. witI weeds controlled 
in hoth, resuiltedI in similar yields of different crops 
as summarized in the following taibl (Viceent-
Chandler el il.. lti9i): 

Average yields 
(kg,/ ha) 

Coiplete land 
Crop preparation No tillage 

Plitiills 2t0 16( 1)82(1 
T iil , 11 3 I I 1 
Ya,!lls.-(asrn 13 3:N,)5260 12) 150)5 150t 

(reinilhte ns 3 $t1-"012t0 

Deep l lisols tid (Jiso gonr,ill. ha.e gof) 
physicl condition tlhl-oplhonut ih, profile Ind (:,Il 
b he i vtid, Bentch Constr i tiOli r(1oir! , 11i1:h 

human lal ir or rostly equiptinlent although such 
c:onstrucition calist) he actci:1lilish!legradually by 
plowving.,against coltoul' glis ha'rieirs (Vicentn-
Chandler and Smith, 1951). Other le!ss complex 
erosion control measures, like contour ditches and 
vegetalive harriers, can also he used. 

Ilowever., the most praclical way to obtain proper 
soil and wilter coiservatii lilis coollOllic prttluc
tion on hill lainls in the huimitl iropics is to grow 
soil protective :rols such as grasses or those which 
can lit mi,iged so aisto assiire prolier conservation 
Such as andi odlwr Iree tio lltillage(c(offa, :rops, ' 
thlll inteivl"ivil to ohlitii high kilhdls and illcolli, 

INTENSIVELY MANAGED GRASSLANDS 

i he 

chalnized'" oil step linds by illpl ving hIlrlii:iles, 
sovd. lillt, iand feItilizvl, with plans, helit icoplers 
or broid-,ise traOmrs. (;r,izing ciatle can hirvist 
tit, ioii'ii, f!cttiveldv level 

(;risslailds are soil :ns inig , :ldi lica -n

,liN .istas isthivy can tin 

Figure 1. An intensively managed hillland farm in Puerto Rico. Intensively managed grass pastures in foreground carry five 
heifers/ ha gaining aver 1000 kg ha yearly. Intensively managed, sun grown coffee in background harvested with nets yields 
more than 2000 o'a,'ha of market coffee. Note excellent soil protection afforded by the grass and the free growing coffee trees 
which are essentially a woodland since no pruning is practiced 
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Figure 2. Intensively managed grass pastures in the hill lands of Puerto Rico carry five head1000 kg Iha /yr ha of beef cattle producing overof gain in weight or two cows producing over 7000 liters of milk, ha yearly, 

h l1s. 'lhv following Ialeh s!hiws oinlI SlighllI highe \',rious grazing
weight gains . 'xperime:nls with Napier, P ingola
hlijli frotm proiperl ly t ji-filizd pls- id Star grass pastrII'rsoi s ol steep 3llisols, summtrize:dal irrigtail le,,el Vir-lisol t1a11i atl IIllis(ul in lihe followingwilh :15!,* slops and with ahle , show\ed th it th(v rtespon(ded1i mrn/yr of ainfall slronglv
(Vit(mh-:hidll1hr 11 ,IL, 19fl-1): 

to 2,150 kg of 15-5-10 ftrtilizr/h a/yr
(Vi"ent-Chandller t i. I)71):

Gaiins ill we(ight (kg,;ha/yr)Grass Level irlishtl S(kgp Ul tis)l 15-5-10] Gains in Carryingi I;.:,l 12!1-,
Napier 1 17 (,t ferlilizer live w eight capacilyI :27 

i63 I 
99 1) (kg/ ha/yr) (kg / ha /yr) (220 kg steers/ha)

04ll 800) 550 2.I 
915(0 97 0)1vrg,I 2227 I 0511 :51) 1 -. 0 li.


lPrt tljrly tniitiagel ptsttirs of trtiotic:,l Kudzto ;il

molasse.s grass tin 5)";, slopes carridl 2.5 ht'td/hlhrinighoti lhi ear anti troilc:(td 51)1) kg ofl itul Tlh following talh summtarizs th resiulls ofweighl gail/lha/y.r (Vinhtolith'-Cha lil I., ll-I),.l..t stw,.'lrl grazing exlnrinitiutls tin sletep LUtlisols ferti-I lowetr, ill tht'nstly ui lltetlel 
Inuit 

til)Ii:o the linl lized wilh 22110 kg/ha/yr of 15-5-10 and showsi. lls(l Ilion inllvlsiviy. thal yields were( highest w\'ith (;tlilila and Slar grass 

,t(
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pastures with the yting :athte gaining about .i 
kgihead /day (Vincente-Chanidler e al.. 1974): 

Gains in weighl Carrying capacity
Grass (kg/ha/yr) (220 kg steers/ha)

Star a 427 7.'1 

Stainea 1 7 T3.5 

PGmaola 1124 (05 

Napiter 1 110 58 

Congir 1410 

C,ora 781 4.5 

Molasses1 
 4.5 
Molasses 


e,\\'rage of nine receivpriid uctiti I lolsteiin cows 
ing n tconrtntrat, fted and grazin -1hi of step, 
well-ftrlilizeit grlss pistures were 930, 1 680. 1 770. 
1 84). and 2 190 kg lmw ver five successive 
lo:tdtils, respectively ((-:1o arid Vitent:-Chandihr, 
1974. li d co1mmrercial dairy. 150 cows grazing 65 
ha of well-managed, steep, tropical grass pastures 
ald receiving no concentralt, feod, prtldt:,,-d lt 
average of -410liters of milk ctw i'laitatiol with 
atc i l ing in te rva l o f 13 mo n ths . 

Average (onipositiorm of the forage ingested by 
,ttte grazing well-ma+,rigeid pastures t \arioii, 

trI piil grasse- oved a out-year piritolst' o'vr 
,shov,;id their quality 'ds as good as th,il of the
showedn te ruai.ty,-,rss good orul4v,,is that5, 

,t~'n.4- ergio.n gra1;sesu. . tiO ..averoir .5 rude 
pritOfin, 5.4'; linn .5';? silicai. D.2'; 1 aind t.4, 

a and havin a 55-66'; in vi, tirym tte digis-I 
tillity (Vicelti,-Charidler I al., 197-1),

Thus, vill-managef ,grass pa,sts on still) I'lti-

sols :,iproduice ovir 1 (() kg ha or gain in weoight 
or 7011 1 Iof inlk "hGyr ,ith lt It,riv: i ing ri) 
cont+ritr, te ed, 

INTENSIVE MANAGEMENT OF PROTECTIVE 
CROPS 


"Tulg4rowing, petrrial crops sct h isi.ofiiet, plarn-
tains. IJalriaias. citrus, freadfruit. nd palpyas cart 
he.grown On st)vp 1itisols with proper t;onserv tin. 
Nliniriuirn .illage combined with the deese folimge 
and thick inat of roots tit these crops whirn thivy 
ire mloselyspaced and intensively managed, prilects 
the soil against erosion. Contomr grass strips, dimvr-
sion ditchies, or at .over irop(cain offer ,dhitin,i 
prothctlin where neitefded. 

Cofee 

Coffee, bi'malas, r;ilr'ts ind shade Ires ire oint 

intert.roppe provitingcash ;rops,Jrish ruitls, gr el 
hananras .a a vigelble) arid chJarl.oa, wilh w 

inputs, low costs, arnd good ;corservatioll hut wilh 
l, vyieds. Thipleg'trinotrssholttriesprovide sii 
N to Ii system and by limiting yields riraki the 
coffee trees nmore stress tolerant. The htan;irna, shadil 
arid on;e :In-. oribinet mainlain a high hurnidiy 
which favurs eritf) mogeurols flungi whi;h help to 
icorntrol citrts sc'ale insects. Furthermore, the shatl 

trees decreased heafspot damage by half and doulhled 
yields of tunsprayed harnaas (Vicente-Chandler el 

al.. 19(66). Although increasing yields of this farming 
s'stem hy hetler management and small inputs of 
fertilizer and pesti(ides may be desirable in sone 

iountries, the high yields relquired in Puerto Rico 
can only be obtained by intensive management of 
lle crops grown separately. 

Coffee grown in full sunlight produced higher 
yields than under shale trees at three typical In:a
tions in Puerto Rico as shown in the following table 

u o- A., 1915): 

Yields of marketable offee (kg/ha) 
Variety Full sun Shaded 

Mondo Nuevo 2570 15401 
P.R. .1 2:11t) 2110 

(Itillrrl I 710 I (101) 
Red Hourbon -11 B50 4H1 

Average 2 It) 1321 
Cotrol of the offee leaf miner by in annual 
T t o l O f tht sto f ill!l S oil1 i n creas ed yi eln!; 

,plr inx:tio of I)ysislon to the soil inc6reased yoield 
of in(tetnsivlY mkg aged corffee tron+ 1I ( to 22 It) 
kgiha / yr {\'brnt-Chrndher, 1).)

The tollowing tabhle shiws that with all other
nutrienls applied inl,lunlaie, 151 to 3100 kg/ha 
t N or K are neeled to naintain coffee yields at 

tbou 2000 kg/ha oin a stweep l(tisol (Vicvnte-
Ch a hr o, al., 19(;): 

N or K applied Yields of marketable 

coffee (kg/ ha) 
(kg,'ha) With N With K 

0 1 21i) 1320 
'5(1 2 I-I ) 211010 
30t) 241(1 2-1(1 

A systirn was liso ihevelolod which drastically 

rul(li;(!s c(st5 aind t:oftte eirI losses illhairvesting 
(Vicente-Chantlier el,. 1975). Instead of going over 
the plantations several times picking Ihi ripe hrries 
by hand, the ground urder the o:flee Irees is :oveied 
vith plasti: Iets. 'Thes are tolloched about every 
6lweeks andi sirnple equipnent usel to rer ive twigs 
and leaves and to wash the coffee hearts. 

This systienm of inhtnsive manigieentu pratti:ies 
including :lose planting illfull sulnlight, post con

trol, heavy fert ilization, hm ing and harveslitrg with 
nets resulls in yields Of ove.r 21111) kg/ha of markel
ableh coffee ii immer ial plantatiois and high 

ptidits (Vic;inrl-ChandIler et a).. 19119: 1975). 
Also, the high rust Of establishing ne, cioffee 

plalatiins t;an hie Offset by intercroppting first with 
ilantains and later with tlniers or ccoyalnis (Vi
i;initih-Chandlr et a,, 1975). Plantains inr! plantiel 
inrows with coffee ltlateld liter betweenr thitir). After 
two pilantains ciros, they are rinom'vel anl re lae:(l 
with a riw 01 lalirers for weed cortrl arid 1t,provide 
aiflitional income. Afler three to lour ytars, the 
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Fiue3Itniel aae ~feO Pliittitino1
ustig the net systpris of Ili,,votti Wich dIlati~caliy ieddu es costs and Io s 

Ofbliescomparied it) hanld icking~ The coffete trves :ate iluwedf filee qinwth andwotking under ths trees Telsiwtii brinthi..., ale it':iiovedPlastic nets ofi llmare laid lout between tows aind covet all the IondtwIigs fall ltilrahll oth lilts like at cipet Btirnes le~avvs anidalllf me (illected alint t evwy Its weeks Simple tlilp Fipt i , sied Io lemove I.iv."s alld tvill:;aldwshithitoI iis~ 

Plauntaiuns ansd Banianas 

i i i 1i11(1ig ll O wi I ll Jillilt' ".1 ho i lilt'. iii\ I1,111l, 1 pli l i l; !1--\ 

Iw~ll~l' bitll 

'111m ][11 v1.i l 1'.p s4 n 'l 'll \% I l;( 1.c i t A511 i li ii ti F i: it 



Iplilits Ila) (kg~ ha) 

.1* 

wl 'I '111( 

Elliottciiv ClsiUp 

w illI fi . 

1, ', If 

Il 

i Ilil 

91 'I' hJI i t 

Ilv 2fill .9 

t :!I itI 



wilh no land preparation and with conhour grass 

strips i further helI) colrt'ol erosion. Pigeon peas

are lroght tlerail , hat,( few important Iss, lil 


anlforige effectively for iiiitrivils ill (ltisols 
 ild 
Oxisols, as e"i(lei(ii:e d y lheir lack of 
res )oise to 

fertilization o ltlhse soils. W ith irolr aillig lle t, 


()i
they have vi l ei 25( ) kg /haIm xisols inl tiviet1 
R i : . .M 


NON-PROTECTIVE CROPSNvnh, 

tihlIliI tropli:s, tiier, \,rils, imSati- ; i dilsov*ilea s 
are illi)rlllrt tl whichi'ooli rii) 114fl inthem-"selve's 
soil i'l-l~tIi\ .:.
'vw I suiteil I() Sold nisilrvinl. 
Iilii ig'1ir'i .ll .Ih'iv. " i iiritiiI plant gs
of Ihisi' u:i p i),(.,i .rwvn on liotvhill lI I- , ,Iillyl\.wilh inirt<,r ,,,r.l'55tis4M,(il Iinlih tiiiiicis tIi 
(llr -iiyiingtruntlrir t.%prio i.ili' v\,iit v iii thi' l(iiIr iq. 


]'lrnl-i ,ri I' 4<44, ' ii.'-ho ,,tirha Sf4.) 


s. i til lt r -ii i risk i ,, , 
11 (\',.nl ,rl
r 


f nil il ,Itijr'( i :( 1,1111111i(1 ll fe ll tll ilg itlmp.+hs 'Ind( lilt,cm)1111. (,,Ill A sti1 hil,Jled Ill p~igs. 'I im ielsi 

dii' rlthir 1lli(til!i llhIt ]liiy phi,i'i l-%%-11uimn.is , 
pr hlirily ii:,sui,, wi',rlii:
,4:4il i lli Skin i(ftu r,s
rl r:r11r1 hsl proteits lhlillll 1ilIrsi:ts'lird .1i('itiif(]S.
'liili' ; Irv'l (iiw1 irililt but I ir Ii 
sil i:k 1 v y pirvriuii(Id;,Pltitl .i, r l44iii 
rIlirtill is I'xMi Sii'e. 

Cilltivirs-; (dit ' M ..irli viriet\' v"i'hliil -4 kg
llrirt ii1 :tr':iir ,i+illtilhir., ,ifI- " Ill ftIi: r(it 

IW'()v l ti vi, 14iii .II li l ltouico , "A fl nr., hil 'li:tiiI iit 210 )(00 pIllts',.ifh
ovlr 'I twvlj- vt-ir I.,1)1wi ( 

high 00vilsk (irii h ' iIs ,Is8t()(t1t kg'h0rr lthis. 

VICENT'E-CHA NDLER 
following €lata with the Ilardee variety on an UIbtsol 
(Silva t W)., 1972): 

Soybean yields
Month of planting 

January 
ir hy 

m a a y 


July 

Seltember 
Novembiler 

C'vo 


(kg/ha) 
1407
 
3 6()0 

crops :allIe obtainedl yeariy vith 
of about 70(10 kg /ha,/yr of so ybeans,
21100 kg of good qualily dry protqirn 

4 O4 ,20
 

3 48(1 
:3 150 
24{
2 140 

pirovide Ihlpriitin rerliifnlr ,i ts If 100o persoils for 
one' vei) andi 1 .40t1 kg/hm n)i,,il. 

INTENSIVE HILL LAND FARMING SYSTEMS 
Iv cr:rs.. ,ord(niin,,gimiri. pra4<:tir~i~s lesr.;:ribedl'lire 

inll this ,mi ','1,, will 'ril,,il hii failiily 

total yields
containing 

(''norigh to 

lllliihii iil ilifti()icsirI\"II (X,1/ size fir s..ir lii'iir ;I. 114wIt1i1ir11Wllii ii liil 

i'rlirl, riilg' twtttn}) kg 
rIl'iliVilv ( )rIltli Imit 

(:)lIlls. 

Yr r r ririlhr ir 

tl'(Ifii:s. he f(hfiiwing 

oi ,ulfi rlplp (sirilr11 Ill 
l mtis) anirl I 110( } kg .h, (if 

ir im : ilr1h 1 lirr\ii)lr roft 
lII shim'ws theli:rm rrlrtnvi 

(;ll~~~~~~~lllhl ~~~~~(I} 's t,?
(f':l (ift v,lrim ,s,'['II'(1r:rltrrilA prri:tirh' ]+1+11('.1['.X(441iI yii 1}ldstlthl 

I'tis(Il (fl hith! 'iig
r1n i 'llrvi iitirl ()t :rrI itrt Ihis 

Ir-ilwr'rly iiii i i(il (C iri i0 11., t8tI): 


'Ireatmeurt Yields (kg/ha)
I. 11(1(0) planls/ha 
 13:10( 

2. IM0(1(1i0 ls/lha 252(10

:. 11()00 plints/l ia staking :3(9(0 

.t.11 (1(1 pliills/ Ir1+-ns laking 

f+flaintiinraiseil beds 43 9 (1lillirg 0 


Ca;s.lvil, v.hirch cai he eaten 
 as. a vegetable or 
mnadhe intio lornr, is oner f the major food c:ro.ps of 
lhe hiinid trinpics. It has low ferlility reluiremnents, 
few mijli'Iests, and the tlbers can hiI left in It 
ground fnr extended periods without spoiling, but 
afler hat,rvesling have poor storage qualities. 
Srw inn.',s
iare high in protein and oil and can yield 

heivily during most of li year, as shown by Ihe: 

n'hi( I i il lt 1111 rij4 S 114(Siml e11(i 1ilsedF t: I i lnph, tillI r ihv rrlll : r 't-i1111iil{ (111"111,] 111 l+ ,+[,{,tI'(Q IlI'HI IIwlj.s cdl he!
 

(list riih itilti ltnrit4im"I i ll t %hr (Sil, hr (! Iar 

1,11titt I i sriilh h,,Ip -I I.l)i: 1il'
) is Irigh ii ll ull',
 
1'r rrril (if140411 fiillils a l r 1414)le still
dilrd (

living: hi' ]dlvf:siiv 1)iiitlp; ilti(.is risks rod
 
;r \idhl',- , ,ldtiu I tarril, tlit, irril(r Isfira v.rrl,, 

Hl4 I'iiI4' 
lirt \ l.lr, ,t.414s),4,fIl hr m hiird ll lt) Ivii.i1itv 
hi ytr1lp.i le riv, I'lli ll--,," 

'Itliiir l .u +Fi!, ii'r11U4r 4'llt ,tii'ir l e.iii' 

t 4t1. 14! ,xmjllI't
 
1 vri'lf 4. f:. i, (l!
() t'' lk.r' ,.ilvi l Ifimtilu l I, l It 114! li(J ( ( 11t,.,+-t+,l t11.1
v ,,( iv(.lv
 

ll 4l 44th-i. iJ (:JI (cl )i t lm mil'ir t'S,I'

I l:k-t thi i 4j) dtiil ri t 1 l \ i5l 
 ((0i,:
 
MW hrl Ii !f'iris -,,litilltill 11 tm 1 1444 , i'41l 41 

hifm i'rise: 0.5 ha ,1il"j. ,ams. irl ,s111 a. )g-,

wit .%%irei(wiil '11rtritirrli Ih il s
v 44th t I" pI vi
 
a Varid (liti: t., hdipi r!-l i 111
FI ,i, ' nyl rt'm1lis
 
tr prlj , tlnl, ili':esdV 111dem.S.~uJiit 5.(1 of
lt ii P l I l [ ii' p .11 11i~m idl.0Irak t>i' 

lth, lm il,. lrrft ,lirili'l , it f i 4.t,. ,ild l4 , f'or 
sill'( r , I41,5Imi . Suclh .4 ii\,,,. lr tb i i iri 
svstelm1 r:r rl) I vS r, s'l t rir v id ,i's nrIl v i rsirmll',n rlin iIrnrcliuIl t well liIu:u.tl Jt,! wi iti11410frlli 
risks.
 

:ti ir h i4 4 ill wiNg lSy 4l11 rl'I te li t1plyin''\ 1ri
tini .,."'.'sctim ill I4 st il1t' ll , rmipph iil r' lIt ill a lft (I yild )t ll prfit. it h 

fir I'\illplh. rising inlprn)vu.l v.rii'tii's r:r ir(:',-(,iIS'
Violds 20'' l)r()lfre • l4st (:(lrltil :,r!) ir:i.Ise ,vi4,lIs 
I101';, r:riffi-i ill till surlkilrt raler" thaigrowing 
uin(d'r shade trns (:rIliic:ri.,s ,vivlds .10';, r 
liming mid hti'llizition i:r1i rh,'trhle y'ii,ld;, t:li)s'ric 
plahntings r:;Ili inrr'isr' yi(lds 5)1;, rold har\'istigng
wilh plalsli: lets :allrIer:r'Is'e Ierry loss ,1; . Wholl 
all IIrse pi'actii:i's 're c}i'hiI'l }i(weve . yiehls 

5:3
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CROP,ANIAL PRODICTION IN PIERTO RICO 

cani lit! iclriste(d tonfol over those ohtained with 
dscrihed previously.the traditional systen h m id Iro ics tomT o onv ,, illn tlan rt e 

farming sysienis ia massive program will 
intensive 
uslill]v he li1(tdefd incttlding: (1) d l olllstri inll of 
the fir'ing s'stems 9n private farms: (2) effective 

Itra I inii r ,gIns: 
I,:hilli(:iIlIv super'ised crTdit: (4) liiililahilitv of vs-

s5titiaJ iliptits ind s trvices: (5) an assured liark(mi 

Af r,,s0iiable prices: (i) a minimum Q roaids and 
otherta(' lilites: nid 17) possibly e\en direct incentive 

itre colmlplex. costly 

'\tIhision mid p'ug (3) adequate. 

p[vinIlls for carrying olut the 
prmAcices. 


i: i\'eS,(;ivell i e proper i ll eellvi\ in tl e tl 
1illeHrs I pt 	 vv !,chnilli s.\\,.'ific(:: a Iliprac(t ict, li 
not) invo)lving ! c;omlple\ . Ill the!oI(' equllipment'l 

cime Kicol'owith192ts', a private coImpy tolPio i 
od lc i~ s o f 

o o o d(q u hality loh al. (:(,t [ill(!C o!ssa r .s u p e~rv ise dI (r (ed 
,Is Vst(.111 o )fp ra (Ac ;l o()t'sp ir l h ig h y ieldr 

hra m l at (reasii prices.lite i'd i A li 
in , l \', y(, al r,-; tt in(d t (' kils 

it. ad ad (1 hl inth o Sf W d 'VH d 'S H I S d~ n I t etkil s. 
t~ , m firm (rs 


elfquirli, in the (:imp],\ o(iirtiin of growing anti 

curinig th ,(:(a,0ii1 dilttailwd \ilids and quality Simi-
farln rs o)n the U .S. r n i nd .lar lo) those, ()it 

REFERENCES 
,\b=lW&, F. M l), h Viv m i~ f.,F.i ,m lla..- lyn, mlrR. wlh,- h . I.. 

int StI v. . 1974. fi-,I)insi, (ifgri ui,ms to ,a:iility fi,0ors 


in si trpi if oils I. r.. 'ni'.. P".R.5H(I1:44-5S 

.\hru'. P(" )-l. R,.. %'n t.n n P'drso)n. R.. ' l] -C.ti h-,I, 

xV . I '.) k1 1974. H-spti-,- f ( rn ! ,. ilt) ~(h 
ott ,g *,:, ii sils, /. .' nv P. i "l 11:519-77 

,Ahrunl,f ,%',I( ;hi I . , . r d Sll.,i. I1 76i. I. - 1.1(11.r, ('l Ii m 1,. 

I'Otd,,illl '.,l')I ' ) WA OI ','"),t h,'r lb j 1,11l'o()I'
,ind ( 1',I', 

Pituetrto it lt n. i. t).I\ t45-60).fit'm i 6( hin 

A\lrufm,.F ,. , h> nd~ (;rav 1A"' .n l ,,.Sik,i,. a-;. imi 10(5
 

rmnitt 'mintnt it full unlltgh id piri.il sh.id it 1!, ,'tti 

reiu 	 ,)f rl", itt/'.. 1tit 91121).244-5:l.fi I '*Ir'S"' 1i)R 

lH,r, 	 A. f . Girtk,. I R.. Afuti.,. I".il..sun. IN :\ ,.t h' ,. 
A. E 	 itd I t ittn i I,-i,. lf)lhii,,. It 19~17'ti ait itrunoff wrvih , l I ror~lm.a!'oml
 
.. 6i4i9I-(i5


., rop)Iing4 Ir.,litinll 

\r,n 1 

s s . R . \ imh F. . d h h m . i lt(G lin C (t ,i .. . ,m Li ; - ~l [ , 

sp ,t,,,i) fi'rttfzititn if stip (.ilit.,11u l plI niiit',ln;vin. 

,ilt m ,ll-su, in Apf itirtidjtn
',tt-Ot ihtuid 	 iru ti.rlii 
Hi.,,1. Atr . 'it. 1I'-. - 41:i12-17. 


;,ir-o:,hlis. R. inaf 1.ui-.h,nilr11 74. Mill lridum.lion
\i .
 
if yout lhishlin itisvs 1t'l ,onlyalngrisns iii mit-p iiiltsivly 


nittigot lrii;ii.al gr;iss pushiri i'- ifi, i ifiiu
e, itl . 

/. Agr.. Iitv. P.R. 58(1):1 -25. 

Irizarrv. 1 , (;ren. [_ itd Ifrini(tz, I. 175. EVl t oi plant 
(uhtnsii,yil and thir rptilitithilliv, ifirua.ihrs oftll! Mari-tilt 

50)(4:245-54. 
LIowins. A. and \'ititti-[haiihr. J.1976. R,.sultml..os .,onitnics 

I Iii e1icmifun1 ;onjdntuo tAcri. gic en ( cli vhIt 

,l.gi,pInlanirns. 1..Ir.. .nivR. 

Sta., liniv.I"I,Iiijmlmya vii la zona (it! alura. Agr. E':xpl. 

Putb. No. 1(1(1. 
and Orama, I). 19716 


:intril oif nmmialods in plnhiitins. 1.Agr., tJniv. P.R. (1i0(1)::11-

Romoin, I.. Rivas, X., Rodriguez, I., Chtilic;al 

44. 

54 

Silvio, S., V'ictlt.Chandler, I..Afn)rufia. F., and Rodlriguez. I. A. 

1972. Fffi'l of season and pl liant ntmsivvIvi spiing i yi:ds of 
ana gvd .soLvhansun hvrtropical conditions. 1. ,gr., Ilhdi. 

P.R. 56(4):365-6.
 

Smith, 	R. NI. and A\rima. F. i1955. ,;(il will wafor r:nmsortlinii 
Sta.. I Iniv. P.R..rsarch in Mtorrh) Rico, 1t311-1947.Ag'. Ip'xl. 

bull. 1-4.
 

icnit.-Cuhaulh , F.,ant Silvl S. I lili. EftclI., Ahltiflu,, 	 (if 

shdimh Ires tin oisof fi, crops in tllh umid mo nhtiii 
nTijm 	 if lirrt Rico. 1. ,Ar..Univ. P.R., 50113):211H-25. 

\'icenti-Chmadler. I., F. I R-.im Silvi, S.Ahriim _osiln-Lugo. 

19 11).Fu'I itli cII r. I.:Xpi
tn.io, del'ate n PI,rti ltlI .. 
Sta. I%. PAR. Ilill. 21h. 

\luul. F...Ir Cu() I..lFig.m,1 . 

sit\vi.. 19--l.. m m 
Vi(ltC~ d .I.,.. i)s. ,ll. 


s niti 	l,,arso,. K WV Iliitsmv,yrA.,raslond 

h tioi..i; Rico.ill lil.the 	 11n1111 o I if l,1I , \gr. 'i\l St.. 
Uill\. P).R.. 1111l. 2ll 

\'icilWh,(lh,milhvr. I ,.broni .F".ind ,ika. S. 19.75, .As l( ,.o 

iviohti'sdi-1 litiIoileitsi t ,ileviolei 1,iili tii'ili.. 
d uhn , ) ,s ,,t :) l al n ( ,r . A g l'.\ant v i , o , n t ,m r,) l \ , . )l 

S l di. (! 	 I l 1 'R. 9IF5 , 

R . I,,,,it,, H. \V .. Ahimi ,Vaiiith-i htttli, ,i:,t-1si()Iss. t, 1 ,11.J'17'l,'tH;'i~lh' I., S,. 196.!-1 n sit v, old /1n . luto 
,f tr,,in Ad t tlrl'uort,, lit \gr 1';,:\w . R .:, ,.. , lin,. P1 


till. 10? 

Cm:l n1t%',,n .. y,,l. R. 'id lHil),l . .litl h
1,1d I ll ih,, w.itho Hill i ,,,r( hi (.t111,4,,,i.l, lo.l-,,,,.
 

hl u I' 1111tl' ) kn o ".P:.,(If-;koi) lt 11"gIIIIlonI (if 1, 

REEiNC IVP. Apo 14'ml-S
 

'iI,n-itlh. Ila.. .sl illt ,,i oit 1.1
d lF',it,; 19 10. 
)dillpro)dut tion) ll oilt:I1-)I.iII( llllll ll 'll,-lol 11I iiil 


I'tivirho Hi, o. I 'tr. Il1u% II< .1Ii(3) 22i-:i. 
\'it,,n.1-[ihitlbt. Id it sKh. M. i5I trint p 'In 

Inn ,h 1.tit o
pr,wih t.,ofhem. it hr,tll. l Hii( ';m ] l Ito'l 

(itns :1s .Con .1-

DISCUSSION 
deVries (Pennsyv ania. USA). Whal type of ieoile 
ire youl using to imup ltmilllt these! techniiques? I was 
in Puerto Ric ill l9i9. f[or short tnim . aIvising 
then )ov()rnorFeri (in rural devvloi)ni mi d lldr 

~' )p,(o s s ihl i fi w a ll i l ,lw e r 	 tvfI o ie s i t s I S al i t d t f~i i a nld 

I'd likeP your jilli intl: Aim! wimill fie I l have luerl) 
ic ilms i;II ig looolk frcanm theinIhIcfoilntilnd: Ivi-ny often 

ther's somu caiital tld knov-how. 'I'l(!otler womld 
b)i stayed thir lif( in IPuecrioe the people that had all 
Rico and mahe woluil i! slumsilptlile to a :h inrg 

gi|S.
 
in their lifestvyh hy using these inhe sive agricultural 
methods, W hiich ()fthe two ()r otlh, do y'oui think 
would b ac(:ceptaileh ill your lrog'al' 
Vicente-Chandler Puerto Rico has very [hv ilmers 
in the sense that there are! in the states. hie island's 
agricultre (evelopeii d in]rIwol (ways-Ihef :' r plalntation yp wihl ra ra 	 lil p ln 


type with th rlitionl large coffee or sugar plantm
tion and the weekend farmers who would rely oilWl( 

oversrers to do thle work. Ohviously, this man cannot 
he converted i an intensive type: of agriculture. On 
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I.he other extreme was the tolbacco and food crop Brown (West Virginia, USA). Do you find that bysulisislence farmer-he had two or three ha from inter-cropping Guinea grass (Panicoun maximinn)vhich Ihe barely scratched a living. This man also andia legume you c:an reduce theamount of ferlilizeris not suscelptible to being converted to this type that you use? [low much would you use?of agriculture. Furthermore, the sons of the largelandowners are (octors, lawyers, businessmen, and Vicente-Chandler. This is a very good question andso 00. They do not see a future in agrictulture. Puerto I think it's open to debate. In Puerto RicoRico industrializel very quickly and here was a place 
we have 

gone the route of alfalfa and different temperate zoneto make money. Obviously, the sons of the small legumes many times andifailed. We have also triedfu-rmer, seeing whal happened to their parents, either tropical Kudzu and grass with some success. It'swent to New York or into manufacturing jobs. Puerto capahle of maintaining aboul two head/ha through-Rico has hd a l.t'lriorating agrictllure over the out the year but its very difficult to maintain thelast 30 (r .iC) years and there is a Irmnen(lous right species balance.iliallenge in creating a new type of agriculture with After 11or n, techriques and new farmers. 
10 years Kudzu goes out and you areThis will require faced with reestablishing it, which is expensive ona, tremendous effort o the part of the government. hill lands. Also, due to the high value of the land,Mo.r than ia question of money, it is a question we have gone mostly to heavy fertilization and highof (liretling whlt Puerlto Riio's agriculture should carrying capacity. Now, this mixture that youbv in the future. Over the menlast 25-J10 \ears the tioned is used to a slight extent on the south coastgovernniit has assigned funds to agricultureT mostly which is wet-dry tropics (about 80 cm poorly (listribto keep farners surviving on the( land on I govern- uted) anti Guinea grass does well and the legumemerit dlob. This d(esn't draw the type of farier can help keep up the quality of the forage ingesleuthat it takes to create this type of agriculture. It v the livestock during the long 5- or 7-month dryis going to lake a dramatically different outlook to season.

Puerto Rico's agriculture than we have hal during S. B. Nepali (Nepal). You have pretty well describedOw last 30 ea s.a an intensive pattern on a small scale and you said 
that one ha of land contains eight people, similardeVries. In many cases you say that these people to that in Nepal. I'm interested in whether thisiire not easily persuaded to use these intensive intensification, this technology,mehlods. What are the type (if people you are aiming 

will he!p farmers 
in our two countries, but I was wonder, , Is itit? the countries in general with land holding dif
fe:rences? Are there any people with small holdingsandl, if so. who alre they?Vicente-Chandler The key to the whole tling is new
 

techlntology. 'here 
 are very few plc;es ill the world Vicente-Chandler. The coastal lands are generally\vr you (:al milk(: moe ,y out of agricullure in rather Lirge holdings and the eastern part of thethan lP1urto Rico. For exi,'lh', with the system of Island in very small holdings. ''l coffee region,iiit'ivisive coffv produ:tion, har\,vesh with nets, let which used to he in large holdings, is heing splitprofil is $2,(1(10/ha a 'ear. In Ille case of plantains up into snaller holdings because the coffeeit's we:ll over $2.00()! hi. WVe import ihout farmers75"iof are in very poor financial condition and are sellingall oui food, (11( prices an' very high. Your conpeti- Iheir land. 'lhe governlent is buying it and (lividinglion is back in the lst celntury. So hv doing Ihings it into family size farms. One good question is: "Youscieit ifically, you're so fill' 1ahead of lil competition have an extension service and oi have these techthat pe-ople wtlh entrepIriieurxi interest have coiie nitues, why isn't it moving nuch more quickly tointo agricullurv. 'l'he recession showel us oni'that the farms?" I think thai one of Ihe problems is thatin(ustrial hase ind tourism hase could be shaky u' extiision servicv has been copied dii'ectly fromand thatIhe land was somlhinlg that couild provide that i lie slates. You it)not get to ii poorly Iraineda deceit livelihood, not only in Ihe hill lands, which farmer by leaflets. TV programs, or radio. You haveI think aii'e best suited li: laiily lype farms., hut to lake him anid show him what caii he dh]one oialso on ll low lands which are suited to nmolern his neighhor's farm. I think this has heei an errorniichinizld l)roluction. Fl"or example, i the level in Puerto Rico and a lot of tropical countries whichlands we hate shown that yiu ciin producet all 
average of i tonis of riice 

I have visited. The complete package has to be )rovedper ha twice! a year, each on privatefarns and then extension muts take groupsone wilh costs similar to those ill the ilitel States, of fariners to these lrivate farims and, if possible,Also, iy planing Ihe year aroiud you can imake let the farmer explain how he does it and how muchmuch ni'ore efficient use of machiury. 'here is a nmoney he makes. This way you can progress alinosttremendous potenlial there, but it is very lifficuilt geomet'ically, buIt preaching to them is not goingto change Ihe attiludes of people. to lo it. I think this has been o(e of our failures. 
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The Appalachian Mountains 
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'he Appalachian Mhountains art, vast and Inlay-
featured, with a geoogitcal history of hundreds of 
millions of yars. It is impossile to tifnore than 
to present a superficial .mie in an address no more 
than all hour in length. I have chtstrn to highlight 
the botanlical 'eaturts alon, and to do it thrmgh 
the eyes of th, original observers. 

Somewhat as to a new Garitrn of Edenith, Eut'rop-
an explorer'. in the eighteenth century came to 
Anerica. to the awesom Appalachians. iBehind 
then were the long-cultivatii and nuch-,osetd 
lands and societies of tltw O]d \\orlh. l31tfore them 
were the ric:h soil. tip cl ,irstiin's.tilt-' irin lands 
of the New World. I'nbrnokt: hrests it ,.litdover 
thelmo ,llltins,filled ll tb1 vl hs: e,t'yvwhr ,,s 

the nuirmur of leavs, th, rinckling or rushing (i 
spa:'kling water. the nriui tt -ntrlgt hirds i thell 
trees. AId ilwai, pl~inl, 111( iOW,,.,it ii t 

tthn IJirtram11 (1 0- 1777i wa,., h,:ir..att 1tiv*.'-h,,r 

naturalist of the Nt'w \Vtrli. sjo'r li hi k l.tvs 
on a farm near lthildilphia fIt et:,thlls how l tb'o 
interested ill bot arny: 

"O(ine diay I %\aisvery butsx h iltiw-t ruItlow iiw 
thee sietst that I (n bit -i lpt' l )w," nt ) sir * i Itll 
being , ar,' I rani und ,rthe shai, if?,I, I''t t,i 'I0 t 

myself. I cast mny eyvs oni da(isy. I jtlutkfil it 
menchanically and viewed it with more cturiosilv thain 
Comlm(tn coluntry farmers ire wont tt t: ) ,iltand ()sr\- 
in therein madny distint(t palts. St~ll' sriulfrl. 
some horiztntal. What a .shat, ,,.,;itiit t ind. tha 
theeshoiudsthaeem ti'dsonam,yvt ars iitillinghin 
the varth n d d(i,,tr)ying sto nit ' t;iv rs ind plat.,s 
without btping acqmt,,e with their stro.tur,'s it! 
uses! "Andrt, 

With the-, heginning h tol,tnizeti ill over his m, 
ventured into Marhvland" ni hetnd, inti, sing 

his knuwledg., as he ltngthetred his jttrnysv,
"crossing rivers. (;limiting nllilltains. inld 

precipices-ofen following the paths uatIe ly th, 
beasts of the forest.' lie mentions the r'l1wlMitin-

helped him; the state flower of lPennsylvania (KMniha 
latifolia) reminds us of that visit. Kahn tells how 
Bartram found tle hroadleaf plantain in so many 
places. and asked tl iliians ablt it. and they 
told him that wherever iEuropean walked. tihplant 
grew up in his footsteps and for that reason they 
namd it "the white nman's toot." 
The cAharming and delicat, Apple kss (lat1',a-

Int ) is a Ivirorial i ohn lirlratm. 
Williani lirtrim (171-11123) was a son of Joii. 

,growing up vilh inny advintages lacking to his 
tiather. I lis Ira el took him even farther away fromn 
IPhilh olphi, ind he heti t' tle! first naturalist to 
,xplor tlit, fantas ttit hi ,ri .'ppala:hians. ''il 
alone in a wild Indian a IlhisaiI zIilesd:ntrv. 
trotmnIlty native land." Eitt'ring tOu' wilillrnss. Ill, 
Says: 

it i1 a high 
whelr. I rtstdti atli turning ithttl founid thit I w, 
low%. ill . vl.ttl silittiit. Irom w ilt:i. I 

',',.My flight was t i'ry peak. 

. vrv ..
(Injtli,,, viow rnagliiftient it la inexplrvssibly 
t:tllpreh ,ll,-,iv.. irtiil tis ..'il. rril w,.vi]di.rilr 
thrtoigil Mit.i I hadt lativ r ~ivvrset I p i n~rrg 
i'egunilvN,'ii ]tltlt't iastnl l'.l 'rltp'st'.it 1)( ,0tti'ftl 

. . 
Wiltn.ini1 hi,, tithe11 rti'vi'i't swt ll ('tga 

the, ailong t' -lttilh,' I ei,. theyflil,..tv'i'ei. 
til () .jtilmtf 1. 17i5,a Iteatitittl Aimifili tinknlt.iI to, 

sieie luoiniiilrt Nlailltll. \ViIli'liln' seorn11d((it 
sill, tinlned it tir kli iafirthlj livighlbo 'Inl rieiil. 

slitlitil iiin I"alid liii. It lwi., ill Iirlrn's 
g'Irdf-, iiiin I'llrtherililii llt it,. whir' it lie, Itt.I pwrItIl
ald. ilit no nlp has S'-n it in til,wil ,i : .' IBMn:u. 

i 17.1f- Itti)"t iid rittt , ( 17701- 1t55) li
t:haux: No portrail itfA i. Nlit:hiiux has survivitd. 
if. inlttd. t)I, .'s t,.r rtitie: htil his dlislinguuilhii't 
sti Was Ittirtrayitl nany tines, 1hn rier \ t'rs IlI t. 
F+rat:, Andr' trtrii'ii, t 21 ait! %wasriai ill tlt' 
irl tle elif itt a larir'. IHlt his iii py stalet tuit 
,id.il in hss ht a r his wilt. tlil inyeadVwhnl 

tains'' in(i meeting John Clayton, flir whttn .ri,givinv, birth Il, l.r ttiis. (;rief-sri:keu lilt,,lihe 
Gronovius named the lovtply Spring t et'ly (.'l- t;iuanged his entir lifi styli, lt'cttiniiig a windrir
toia virgtinica) and saw the intcrediblet Naitural ind a student of the planlt st:iences. 
Bridge. Peter Kahm. a student oif Linieiis, t.ane ()n Oi:tlober 1. 17115. \ndr( arrivetd in New Ytrk. 
froin Sweden tto study/Anrit;an plaints. ari IIartram with the Iihpein-ya r-tl Friii kois. 'wo yeris lilt[r 
"*Dr.Core: isIlro~ssor Em ritiisIli,.,I,~y Virg,,inia they rnoved to C(harlestu , Situith Carina, wltihof '1 W, 

distii'uishiod 
paper wis presentetd as tn ilttstrahtdIftilr! atin evttiIjt in "(;reell laiirls,'" diescrilbes Aiuilri''s captivlitn 
sessioi f tthe! i;otferent:e. by his nIew eitviro inl tt: 

University and is tt bthariist attd histriti. This 
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"A Frenchman front gentle Satory, where there 

are no di lniornd-hack rail lers, parhimu, or animals 
who carry their babies in pockets of their fur coats, 
h( saw all things American ils curious aind fascinal-
inIg-al are they not?' 

(On December 8, '171111, a cool, rainy day, An-re 
rehles, ItIir Iravels look them to lthe headwaters 
of the Kiwi River in N(;rth Carolina. "We slopped
there to camp and Iran off to make some ol)servalions.
I galthred a new low woody plant will saw-toolled 
leaves c:rveping on Il, imounlain at a short distance 
from the! river." 

Don't forget this "low woody plant with saw-
Iootlbed leaves" 

In Itw suimier of 1793, Andh', travelled beyond
the Appilachians iand down -'a Belle Riviere,. the 
beaitiful ()hio. 11was perhaps on this trip that te
first saw t, Ihplant to which het: gave a Latin name 
andI wvhich hits bem known until recently only as 
";,1fi(ildrahispidulla A fAw\vll's itg I suggested
for it the English ficinie (;yanldole lBiail\y. :allingattention to: Is biealty (llnd it is buwtiful) anod also 
to its limited rlnlge, restricted in generill to Ihl old 
holme of thi Wyldotte (or (;iy.l((Iotti) In(lians. in 
the lower ()hi, Vallv. 

()n August 30. 179-1. Andri' stood on the summil 
of Grandfalher Noiilin, whiclh he thought to to' 
tih, hi hst Iliak in ill the Appalachiais, where his 
party chantel the Mlarseillais i and shouted 'Vive
I'e,\mvrique ft IlRepublique. Il'rlldise.' 'ToIlhose 
who have sen thfe Alps" lIilttii' sa ,s. "no Appllla-
chiils ,1'', likely, is 11iullnt,iilis. to stir the, hearl . 
l'by,aVdrerilther, a rest upon it high-rolling floor,
ald o all tl, conlinent, in ill the world, I helieve,
is [it such hardwood iole(icidtiols fol'rest as this." 
Ioubliess Andre Mi:hlux aigreed. 

John IFraser (1750-111 1)was bon ill Scotland and 
mle seven trips to America to study its lovely 

pllnls. S il of thelm blear his nale, includingtil gent an, r.I'r,a. ild the Fraser Magnolia 
(MIagnolil fritsf 'i ) 

Another plant nmedlid for him has hall an inlerlest-
ing history. It was first found aboul 180( by a German 
exlohrer, Maldiliiis Kinn, i man (if gigantic stature 
miiiill)oSiiiil)l)eiaraiice, w h op l tH ivIlled extensively
through the Appalachia.lls oftn 'withoutknowilg
where he was. )(ilisi inaps were few inu misliaid-
ing. IeI lilboled his i:ollctioln if tile hInt.ll Coi'onopfi.
Ills ipiitis inild aiiied thel lotilion ''"l)eighi" WIalIi 
in (mi' Wilhernus.' "riser found t1e Sane! species

11)0li Ihe baliks of Ihe Caillwbil Rive', in thle nivigh-
borhood of Morg.in-'l'owi, North Colina'" an1d it 
WaS Ilallld for hii' f'mrs,'i. Mch lale it %',its 
Spectulah'el that Kini's "l)eigher Walli" referred thTygarl Valley, West Virginia, although Ihe species 
was not rel-diso:overeid there until 19(i, by John 
Findley alnd Arden Sweckei'. 

Constantine Samuel lfinesle ('1781-1840) was 

perhaps the most eccentric of the early botanists 
who explored the Appalachians. H- was horn in 
Constantinople. of a French father and a German 
mother, and came to America as a teenager. On a 
return trip to Europehe acquired books, manuscripts.
drawings, plant collections, a wife.. After ten years
he set sail again for the New World; all the end 
of a long ocean voyage Ihe ship was wrecked off 
the coast of Connecticut, and his books and palpers 
were lost. Shortly after this he lost his wife, too,
she having deserted him for a Sicilian actor. 

In "1111 he crossed the mountains to the Ohio 
anl( descended lhe river to Hendersonville, Ken
tticky, where Ie! -spent some days with Mr. Audu
bon, Ornithologist, vho showed m. his fine( collec
lion of colored drawings, which he has since pub
lished in England.' 

Later he ohtained i )rofessorship at Transylvania
University, in Lexington, Kentucky, the first college 
west of the, Appalachians. Iere h, became a "pedes
trian botanist- and explorol extensivelly the westernslopes of Ille nmountains. includinc the Cumb erland 
Gap. "llorses were offerel to me: but1 I never liked 
riding them, and dism(Jnling for every flower; 
horses (do not suit botanists." 

But hei did not get along well wilh Mr. Holley,
president of theiI niversity. I turning to Lexington
following Ile sumner vacation in 1825 he found 
that the pr'sidenl had "broken open my roons, given
ole to the sludents, and thrown all ny effects. books 
and colleclions in a lheap in Iiti otlier, lIe had also 
dbeprived me of iny silaiiill ats Librarian and il\ 
board in tle! college. I took IlIgings in town and 
carried there all my effects; tls leaving the College
wilh curs(s on it and Iholey: who vere both reached 
by timl soon ,ifter, sinc(, heI ied next year at sea 
of the yellow fever . . .Aand the, College has been 
burnt in I112t11 ,vtilh Al its conttlls.'" 

The 'Ci"urse of Rifinesque" is still pronounced ont( "l'ransylvani i:iimlpus uts part of atmock ritual! 
lt. e1vccentiric or nirt. Rifinesque has left his 

imprint o) A\tiliiachii boiny inl his nane is 
ininiorializ(,d in those of linii'rous native plants,
iniluding the lovel'y vil pa ns$ \'vi Vi;la'UfinltSquii.

"'honlls Nuilll (1718(-11159), born in -nglind,
leiu:in lit! most travelhd of all\y American botanist 
inlil his (liay: hi, finally icriissild Ite conlinent all 

Ihle way to til Pilcific. 
On )ie of his trips he i:ane tohlarpers Ferry to 

view th(liconfluence of the! Shenandoah and Potomac 
riviel's, all pitilured with ellthusiasm "lhl stpeln(lolls scenelso eleginlly described by the ex-presidmlnt 
lefferson . . . w1hrelit,eivers . . . uniting, appear 
to biurst their way lro" Ihe [lIe Ridge, . . . alandscape(if huoirible grandeur and wild nagnifi
cence, of mingled rocks, roaring rivers, and gloonly 
forests.'' 

At Asheville, North C'.arolina, he said. tIam on 
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Ihe ground which poor Lyons has once travelled principal length of the Alleghany Mountains, 
with so much assiduity-hut, alas, his lahors are through much of their most picturesque scenery, 
at an end." Latter he nand a genus of the leath and through regions which abound with Ihe choicest 
fimily L'onia commemorating "tile name of Ihe late botanical treasures which tei country affords." 
Mr. John Lyons, an iviefatigahle collector of North hi North Carolina they "got fin( near view of Black 
American pl,1ts, who fell a victim to itdangerolS Mountain; passed the night not far from its hase 
epidemilc ailidlst those silvilge and romantic moun- (Iwel\ve niles from Asheville). Should hivte! ascend
tains which had so often been'l the thalre of his ed, htilcouhl not do it so as to get back Sat rday 
latbors." night to any place to stay." 

Charles Wilkins Short 11794-1 1863) wats a physi- "Tuesday. got Bockeva in fruit . ..Bmkley is 
cila and botanist ot Lexington. Ketlu(:kv. one of oftlen inquired iftel here. and seemns to hive.( been 
the first scholars to be horn in tl wild country quite itlilvorite. I le might hiatxe ellivened his journal 
just to the west of the AppalaIchiams. lheinilt had lheinformed us therein that he visited hoth Black 
botallizint4 trips with R.Ifies(pl and \'isitt'd intl Bal Mounttins with a (livrry' was citolpany of ladils, 
by Nottall in ltli: the tVll dh'x\'biped a warm and calltll ut oil the similit! But the sl fellow 
flillldshipI and they ,x:hangld htt'rs for m[ore than kept all this tlo hinseIl." 
forty y'.ars. L~hi:k N'llunt'i, whi(h l)r. .'iiy thought he 

Asa Gray. a *:. og'lltanist frm New Yirk Stite .should hll\'e asc:ledvl, lut dIn't., as; already 
visitll Francm, i iii:8t 1)l s.tmid'd the hriaritm eling stuili-d by aiother hotianis. Elisha Milchell, 
of Andr, Nli:hau\, plrc ,rw'd in tit- Paris Nlue...um. (If Ch,ll Ilill, who would preSel1'y give his life 
Iher, he came across. l,Ml1 piltt al i,Iltatl. the ill its eixplorition (June 27. 11157) and, as ialellorial 
spcillmen (If the' "'(mw '(m.v lilnt with sI%%-tmIIthI t) him. h,ve th highest loilit (If land east (if the 
leaves'' which Mlichiux had first sven 10 lhat riin\y Rockies tuneld ill his holor. 
day in l)eccimilr,. 178H. Dr. (;r.iv reprtid: 'he IM-43 trip (If Dr. (;ray. although rewarding 

"\\l' have til,' hruit. with tllw' [wrli ,,Ilv\ 'ill]i waxs. was ittisiI plJ itinilt in thal rfailedt'-I't in niuyti he
style but t,'flowers.' IhI,,lI.sSId that it w s lli,,d igaill tII find .Yhrtti,l. 

to ;.alAi. "I clai thet right lof I (it ,c:I (lII to ifi\ Ani Sol it ytrs xx.'lnt by, filld with i inultitude 
the lmale. So I sax. isthis is a g..,€ollNorth Americn (If gret things ior Dr. (;rav. But \h.'hen hie Ihought 
geulis Mill I(Iml,.s from la(,tr (It "ti, atHut u:kv. it '1lwll hI h I grl.w s(Irrow\\fl hxting nanned for 
christened .Stmrtiia,Il whi(h we will stitl is Dlllil- a 1)latnt that noody could find. Sol)r. Short olnnspic

Sho'tia 'lmr. mid (;r.. thisthers. So ,(f:iI(I((, it shIill l11ts fillt its ilIh'-;lI:l' ilI \'rilt'i-t. l'conn'. that 
he. I bog y)u ll inform Dr. Sho't. ,11)1 to -s tHat friends of ours. bltlnizing in Ihv ll'oitithlills two 
WV Will 1upon 1nal1vthis wl:llstedIay him Ill. grvltlr p Iiha \'Il'S aigo, xl',rl' with till' (Imleslio-'l'oln( 
ne;cessary thing-that he mkI- a pilgrinl I to tIhe , Shortia vet?'*
mountains (If C(roli; this I.mting st-,titio1r ,t(1 At Last, l177, furfteln yirs tf(!in in May, til'the death 
pri:curv the Ilowers." Short, a ,b-t, -year-ol ioy. (;lI(r.glgl Mcof L)r-. 


But Dr. Short nver rmade the pilgrino rd iver lima lly loltiSl n
Queen Hlmatns . i ,hlotiIi, h,lnks 
saw thet plant that was his nimnesdkl'. oIf the (ituiwhaj Rik.r. ner M,irion. North Carolinii. 

A\sa (;rav 1l8l0-11188) is the 1),st knmwn (If all I ly,irns sent a spe :imen to (;rav imd in Ihe spring 
American oItainsts, Ill' was floorn in ()neid Cmnty, of 117) l)tr. (;ray. wilh thrlt Jrill(s, t lllllr 

New York, and f'x'Intulally t';Imrm, plrofessor it trip too the Smithrn AilhI.1hinis. (in the 1ttn1 3
 

arvard (Iniversitv. whrfe heIsscnihilfd the library, tlt!y x'er'e 'm' l() Molluntlit ,.. it atn I ,lliln
 
the herbarium iitd the stu(dents anil wrote ilIlmks of ahouit t,2(0() llvel thet ing glorious
'lhl\xI sc',. I'nilo ' 
that made his nameic famous. views of ringe afer ringe lIt the Alleglhlty Mll-

In ithe stiminer of 1841 he midei it Iip to the lains, ii n(llOti .l'rSsy Rhodoldvdrlir'mlillhtill 

southern Appaacihians. seiiriching for, iiniong other calawhiense, peritalls ii)1'! (If it Ihal ill all the rest 
things. the( plint he h,id nittned .ShI.rtia. Hil in this of thltworl, just (,Iliitg iitl hhlssol,'" 
search he wiis unsuccessful. At t ll$' the locality wln! Ilast rwiahedl Hymins 

Again, in the summer 1113, William tilt pl (rayoif with hid found r ioil iinl anl Ilhs friends 
' i stil;t jlhasur 

ihe( moultains (If western Virginia down to North in the wild. lis search eided, I)r.(;riytxclimed: 
Carolinta id Tennessee, thl happy htintg glollund "Now 1l in(siing my nunr;dinjillis." 
of so many distinguishe,d lotanists, Yeiars later (it*v Nathaniel l.ord lritton (1H59-1934), through ai 
recalled "'ihl! incidents tlliarduous interestinig I;oi 1it ofn several aipparently 

Starling Sullixiant, ibryologist. he; tIravh'ed through hite lin of seeing ,Shor'ia growing 

viiried (if but ninnt , unre
delightful joutney, tl(he laborious molltiain lated circurstances, was invlved in ;lengrossing 
ascents. the night bivoti;s, the healthful woodland episode (if Appalachiain lotai:al history. 
life lnd primitivu fare, an(l the many amusing ad- Kate Carpenter, wife of one of Ihe first settlers 
ventures" of the tour which took them illonp ihe! in Greenbrier County, Virginia (now West Virginia), 
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took refuge from the Indians about 1750 on the 
mlnhtiln that still bears her name; 

by Smll Phlox britlonii. Kenneth Kent Mackenzie,later the invalid a New York lawyer and member of the (;ariln, o)twile of another settler was restored to health after August 23, 1903, found a large-flowered eveningbathing in water from nearby white suilphir springs primrose which he naned O)enothera argili:olamidand drinkin, oif the water; a tavern was built near six days later found another plant which would fitthe spriJgs, all(I a row (if cottages, the resort presently into no known genus; this he later named Pse-udobeconlmin i center of fashion, a favorite rendezvotus Ienidia nontana.of elegaIIt plantation society of the ()Ii South. The discovery of so many new and endemlif - SpeciesIni 1873 tlihChesjimake and( Ohio Railroad was
:ompleted 

in such a small area, at a time when the AppAlachhianacross Virginia and Virginia, Mountains were becoming fairly well known hitani
eVsl pass-


ing through While Sulplhur Springs. Now thal Irans-
 cally, presently led to the conclusion that the enviportalio was easier, the fashionable, with itsprin- ronmental factors must include sonmekling of the notable, began to visit the springs with tures. unusual fea-The plants were all found growing (n d,grealer frv'lUeml:y. Devonian shales, and in 1911 Edward S. SteeleIn HIM1 the New York Botanical ;arden was coined the term "shale barren" to designate thismillhorize( hy the stlte lvgislature, 4()0 acres peculiar type of plant habitat. The barrens, it was were 
set asile in the Bronx, and Nathaniel Lord Britton found, extend in a long, narrow strip fromnwas aippointed is the first (lirector (if south

the ;ardhn. western Virginia north along both sides of the Vir-IUnJder his (lirection the diams of the founders were ginia-West Virginia border,I'alized and across Marylan(d, justthe institutionlhecilfe (ne of tl grea- barely entering sOtlh-central Pennsylvania:test botalical gardens in the world. the in
teresting plants namned above (and numerots others)Melmle-'s )fli,staff of Ihe new Gardehn, including occur (lotted throughout the entire area. It %wasDr. Britton onlyand his friend, Judge Addison Brown, the comhinaition of circunslances that had IltoIllnle ex(;ursions into I}mny r'',io ls of the North the discovery of so many of the en(emics i;tWhiteAmericm c:(ltinent. A favorite resort was White Sulphur Springs. Describing a shale barren, SteeleSulphur Springs, where a vacatlion could be coin- says it is "One of the most fiascinaling spots in whichbilued witih hotanic:,l sludies in the lloluntaiis. One it has been my fortune to botlanize."might linture a boitnist, afhftr atgood lnch at the Dr. Britton was oi (if ly advisers when Ibegan"()i( Whil,' walking aicross the sreelt and Ihe C ny doctoral work at the New York Botanical Garden.& () triks, anid climbing the slopes of Kates Mun- In a way, then, it mightlaill. wher i i vegetltion 

he said that the story issll'Se clothed the dry brought down to the present, and that 1976 marksslop)Is. 
bicentennial of the bhotanical exploration of thelere, in July, 1892, John Kunke(!l Small discovered 

liet 
Southern Appalachians. rhere are no longer vasta new Clover, which hel later nillmd Trifoliozn vir- geographical areas to he explore(l,ginicumi. (In May 16, 11197, Dr. lrillon foiun tla new 

no loinger many 
new species to he discovered. Our taskrlgworl which for thesehIel,called Snecio anteri'ifolius, days is an infinitely more difficult one-the proper
Ini May, ll9i, [)r, Britton found a new phlox iiarned 
 ImanagentI of what we have found. 

11. 

Breeding Grasses and Legumes for 
Hill Environments in Britain 
E.L.Breese
 
Welsh Plant Breeding Station, Aberystwyth, U.K.
 

The agricullulll poltentia of hills and ulilantls In Ihe first place, the capacity for improvementin Britain is discussed by Ilughes (1976), Fiarl (depenls on the feasibility of critical nagemenltsysteins are 
iasedI oin shlep, complementeI to vary- factors, specifically soil aminelioration and slt ck coning(legrees by wealer-calf or store cattle production. trol.
A higher (ulpil 

But the response to sutch nanagement inputsdepends primarily oin pasture in- (epends on the replacement of existing vegetationprovenient which will provide a higher plane of by higher yielding and heler qlality grasses andInriition for in:rease(l stock densitieS. clovers. 
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The general advantages and disadvantages of dif-

ferent lowland and upland species are considered 

by Munro (1976). Perennial ryegrass (Lolitim 
pratense) and whiteperennv), tiniothy (I'hheuil 

clover (Trifolion repens) are preeinent in many 
grazed situations, although reld fescue (IOstuia 

rubra) has many merits. A number of spvcius have 

potential for conservtion, 

AGRONOMIC REQUIREMENTS AND 
BREEDING EMPHASIS 

The fatctors which trv importait in breeding ira-

proved pasture plants for hill landl proluict ion :an 

be listed as (1) total dry matter production, hut with 

emphasis placed on an extended growing season, 

(2) improved nutritive, vlue of the dry matter with 

regard to digestihle energy, prohtin and mineral 

content, and (3) persistency. including resistance 
to disease aid tolerance of tnvironmenttal stresses 

such as winter :old itld. depending on the soil 
Munro.conditions, summer drought (Ilhighes id 

1969: Newhoul. 1971). ''he(s, also are, the general 
plants for lowlandobiectives in breeding he~rbage 

1976).conditions (Breese. 1975: Breese and Davies. 
and at the Welsh Plant Breeding Station we have 
sought to conjoin hreeding programis for upland and 
lowland conditions. with a consequent cc(onomy of 
breeding effort and resmrces. 

Climatic stress factors, pirticularly low temvpera-

ture and low light intensities. are more pronounce!d 
under upland conditions, anti thwre is. consequently, 
a greater requirement for winter hardiness generally, 
Winter hardiness is, however, also it prolem under 

par-intensive lowland farm systems in some years. 
ticularly in northern Britain. Indeed. the gre'ater and 
more consistently adverse winter conditions nf the 
hill environments are being used by the Welsh Plant 
Breeding Station to screen winter hardy plants for 
the lowlands. Again, farming conditions and stan-
dards vary enormously in lowland rvgions so that 
ve have looked for plants which will do well over 

a range of soil tyl:ps and f,.rtility levels. 
Primarily, therefore, our approach has been to 

breed grasses arld clovers which are widely adapted 
to upland and lowland conditions. This approach 
has the advantage that seed of su;h improved varie-
ties would he cheaper and more readily available 
commercially than would seed of specially adapted 
varieties. Nevertheless, with a better charaicterization 
of the hill environment and a clearer un herstanding 
of the physiological potentials and limitations of 
the grass sward, the possibilities of more specifically 
adapted varieties are constantly under consideration. 

Because of the low levels of available nitrogen 
in upland soils and the high cost of correcting this 
with fertilizer, great importance is attached to estab-
lishing pasture legumes and their associated nitrogen 
fixing rhizobia. A special consideration thus has to 

given to grasses and legumes which co-habithe 

souccessfully in the svard.
 

GENE SOURCES AND GENETIC RESOURCES 

Indigenous Adaptations 

il Ilw t..K.Many presteI-daN herbage varieties 
htve( ieen deelop d from indigenous m trial 

adapted to specific grassland systelmns. Welell-grazed 
permanient pastures yielded prostrate, ]late flowering 
plants which were extremely persistent by viritue 

of a high capacity for lillering and henct vegettllive 
perennial ryegrass origiinatedreproduction. S. 23 

material of this type derived from I'ertilv pasfrom 
lures where iyegrass predomina e. This variety dis

plays a remarkable versatility under grazing cundi
tions oxe!r a wide range of so;! fertilities and stock 

of the foremost varieties ford(ensities. It is still one 
production and peirsisttenc(y under te heiavy stocking 
Ind high nitrogen input of intensive lowland sys

terms. It is also extrmmely persistent 'lnid productive 
Under the relatively low fertilities of the hill lands, 
and indeed since 1940 it hashen thelmain ingrldient 
of mixtures for hill land rmclamation in the ILK. 

Lenient grazing coupled with cropping for hay
 

evolved the erect, early-flowering mnd relatively
 
low-tilhering plant typ which is the basis of our
 
present (;inservation varieties. Althmgh timothy,
 
cocksfoot id the broad-leaved fescules predomi
nated under these conditions on the m'ore fertile
 

soils, adaptations to both contrasting ianagelents
 
exist within the maiiijor grass species.
 

There is a similar lattern in legunws, hut these 
less able to adapt to vxtrenes ofspecies appear 

management. Thus indigenous clover sj)icie!s tend 

to be exclsively adapted either to lenient grazing 
and :onservation systems (e.g.. red clover, T. prit

tense), or to more intensive and continuous grazing 
(e.g.. white clover). Agaill, varieties of the imdige

w whild clover'nous, small-leavvd, prostrate i 
(e.g., S. 184) hv'e proved extremeely idtalde to 
both upland an , conditions involving conlowland 

trolled grazing amd low nitrogen applicuation.
 

The above emphasizes tli overriding imlpoltance 
of culting/grazing managennts in the euological 
adaptation and, helIce, ill the Isage of miiy cuirrent 
grass and clover varieties. lrovided that these man
agements are controlled, varieties developed from 
ecotypes can b exploited well beyond their regions 
of maximun adaplation in terms of soil and climatic 
condlitions. 
Plant Introduction 

Indigenous ecolypes form only a small part of 
the genetic diversily offered by these wideslread 
grass and Iclovet species. A first step in meeting 
the increasing requiremenis of hill and lowland farm 
systems has been to build up genetic resources by 
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plant colleclions from various parls of Eurasia and values of all genotypes under test. These m ranvalues
North Africa. Material now heldill he We:lsh Plant provide a biological index quantifying the environ
lreeding Station is lifferentially adapteld to grow ments from poor to good, and it has been found 
un(hr alwide vari:ty l pe tf light, soil and that genotype-environment interact ions are fre:lumpr-ture. 
malagement coindiions, and includes variants quently a reflection of differential liner r sponses
which are tolerant of many environmental stress to an improving environment. 'l'he.y can hus be 
sitilati )ns (l)avies. vt ,1/., 197:1). TheIcollection is measured as differences between regression i;(i(ffi
of valte in maintaining germ plasm of wild material :ients. 
and us it source of pirents for breeding purpoises. The technique has wide application ainl has the

F'or the most parl, the collectioii has to he regar(hde advantage that data from a number, of differenl 
ts i sOulrl, of, raw rmaterial from which valuable experiments can be coinluined in ciomparing the
gene(s and ge!ne ;omplexes have to be extractelI and performance of genotypes. Figure i depicts the!
welded into lgronomi(; varielies hvbcomplex breed- average annual yield performance of ire;e varieties 
ing l)ro(;usses. Soinmeliinis 'piure goll' is discovered of perennial ryegrass taken from a numher of experi
vheln Ihe popiluillions caln I developed into varieties ments conlucted in different years and under dif

by mass selection. Ixamples are diploid and tela- ferent conditions which togelher provide a tremen
ploid r:ocksfool (flar:tvlisgloierala) from north-west doius range of yielding conditions (Satnuel, e 4.,Spain which hav(! a lillering capacity previously 1970). It will ie clear that the technique gives a 
unknown in Ithl species and are able to maintain good indication of the environmental limits specify
exlnmely hense swards under a range of cutting ing the superiority of one variely over another. The
heights and fre(luncies. These plants have excep- linear nature of the responses also rmeans thatl a wide 
lional drought resistance and could hbe a valuable range of relalive lerformances can he pred(licted from 
inlrolu:tion oin the dlrier soils of the hills (Munro, trials restricted to a few contrasting environmenlts. 
1976). Genetti: studies have shown that responses of

'Ihe :(conrasting material in tles, collections has varieties and their mean performances over environ
greatly facilitated sthidies into the physiological and ments can be differentially ailjust l by selection.
hiiiihenii;al processes which underlie adaptation The extent and type of adjustment (epends oil 
and differeetiation (Cooper, 1974). Thes studies whelher selection is carried out independently in
have ihletifiedl plant chariaceristics which are a poor or good environment or simultaneously in 
imlpuirtlilt in governing swir(l performancl and in hoth. It also depends on the initial correlation be
determining Ith nutritive vilue of the plant (Cooper tween response and mean performinrve (Jinks and 
and 13leese, 1971; Jones, 1975), At the saine tire., 

'l gelleti: slu i s rwveuil tih si:iipe for, and till!ilieilii of., con lli~ilinl 'Indru i'lliiiilg l:
 

terislii:s from differentlii's iand spieci s (Thoills 30,000

an( Thomas, 1972). 

This mul i-discipline app'oach is providing a, 
soil bisis for Ihe (leterililil! l(h\elilip ilt if 

riiiuiliurlly useful i:ulliiars frn he raw maltrial. - .' .- " 

BREEDING FOR WIDE ADAPTABILITY " '"
 
Wi\hro differviiies ]l t)v ill envir illen (-its 
 " ""("

oin i wide rilngle if illlera tingI ;iniii;. si)l ilid ,,lilangelmlitnt fil~ors, is in till ringe of hill/lowland 0 15,000 
coniditiions, 1t1ere ilmliilssive irlllils ill meastiring 
the relativl ii'eS)l1inss ii sensiti\itie!sof plant natri- 7,
ill thI h inging i:onditiins. Ini the first instlance, ' 
resiirl has to he made tIi empirical methods. intd . ilish b= 9.86 - 0.03 
ill this coiinne:lion Ihe 'joint legl'essiinl tvchniqiqi
hi; proved useful (Finliy and Wilkinson, wl; > .......------ S 24 b-1.05 002 
l.erthart aiind Russell, 19i6; [ireese. 119611). This . . 23 bz1.10 004
t;chilllue involves growing contrasling genolypes
(varieties, slect(:ions etc.) oer i0representative range 15.000 30,000
of vmivironmilients w ith suitai le replication. An Eal i i, h 'annum Wen lioicDonof all varielysl
sis of,val-ilice of datal revels any interact ioni betweenl 
geinotypes adi Ihe nvivion inits, adil if these ()ccir, Figure 1. Analysis of genotype-environment interaction for dry
the dita i:n lie fu itrher aliiilyseI by regressiig ind i- matter production among varieties of perennial ryegrass (Lo
vidill genolype valliues oin the elnvirinllllie llian lium perenne); from Samuel or al., (1970). 
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Connolly 1973). Itcally, of course, we require a high quite actively at 50 C, whereas more northern vari

mean and a high response. cties hecome semi-dormant at this temperat tire. 
active growth at low temperatures'he joint regression teclhnique is used in the However, this 

hrieding prograns to determine initial responses is often associated wili lack of frost tolerance and 
the hreeder has to select for the most appropriateMnd mean perfornmances of the hreeding material and 

hetween these t.wo characters to suit specificto decide t selection sites and methods. This halancl 

on us where limiting winter conditions.empirical approach is forted 
It is also Maly factors affect Ihe capltcity of grass populaenvironmentl factors cannot be identified. 

useful illn onitoring thi conseqtelices of selectinp lions to survive winter ciiidiliolis. All ry(grilssl:s 

features of requirt! a pewriod of hardening illreliltiv'ely lowfor toleranc, or resistancte to particular 
the ilvirollllit slt:h as :,,Id or drolgllt. teilper'lltlres before achieving tolerallce o freezing 

Conditions. Exprimenls iindei'r conlrolled onditions 
iind extel of hardelning is ilffet:(dshow htillthe railt 

not only hy the genotype, blut ailso hy light conditions 
Spring and Autumn Growth and and inaligtelill'nt prior tot. antd during. the hardelling 
Winter Hardiness period (lor'nzelli oi al.. 191: l,twrencet J., 19173: 

BREEDING FOR TOLERANCE 

id F()sIr, 1971). T'hes results ilresm'lhi rill]CIli troimtll irl e11'\t]idI orowth s(ilstl Breese 

in the hills., pirtitil,irly (,,aIrly spritt, growth. has iiarized in 'li'lilt 1.They shiw thai lower light 
intensilies iand shorter phottiperiods during hardenhlen strong-ly spelled tint. N,itit species. 	generally 

allid often+ illngi'rally ritvlur the survival iif thellatriall.art. ,dLpted t(o short gritvilg silso) 


possess in ixttid dormancy system t1 tSt:api the ,"turvival is further" 'tfi:etlci-v autmln lildlilgeinenllt
 

rimr., (t the w,inter i:limttt It:i..\olini'i i.()1,rul.i,,}fa whi:ih growll. such. to)rs 1ncoiurlgi as niltrle 

This applies to snlin 'ltent tt lmlin spritis adti applll,)n intl ter-tldiftlititl (Chirl,,s i't 4., 

varitties which sufficiently t() 1975). Theirit- ditfer-:ncs tleare hardv withstaind latrg dle heteevn 

the hill climates. Thus ".' varieties relateld iirigin huth,ird ,irittits (itrvigads- whit:h are t) their Ihe 

tend toube slow,. inl stalrting" spring -rtt,..th (111d 1' irnagnituihe of th0se tlitfttt.ts hlitnolds on the 

this r.spli-(t are less useful thin timtthv )tr i;tnlitionis hiording.til tcs. tt 

It is generilly a, et h,at toti.xttled(, rtll The t:mlthxitv ()f 11 Illose tii:t{ors intleril:tiiig 

sids(Os we retluir grissis and lirgums,, wilhout t(getiler ,lkes it ditficult t()ti,,ed Imi in t:tceiptahb 

dormincv (r with r(ldtced (lorihincy mI(binisms. itgri (t winter harfdi ness (:A)mlintl( with iuiliizilhh 

The acent is oin material wvhich (cin grw tli r late titmnl ,intd irly spring gritwth. It calls for 

low\- t.mperatures iand I()w light initensities while a fine geititi: tt(ljistront itt \w'.ay planlth' tlie 

retaining a tilerimce ()fri zin,. t:on(lititm s (ll riisi distritutis its issini i s. ,tither it(stti gi, in the 

ndil 1971: Cooper res, 1971: ([vrin- leaf base s, it.. m(ti):()iltii1l,. l ed ui ernd)
Foster, ind 
shawel ,I.. 1976). In a nuniler o Irasss and t(),irs, specific growing t:(tntitittns. ()therItttr.s also m.ay 

varieties and e(:otvp(,s (litter gri,,itly hmvir iipliuattl 	 ,1(1in their ie sich ,as losistanci to liests m iis

temperatures limits for gr(tth (Cim-lr, 19i:3: lagies eas.particularly the sll(tiw itilil 'usariuo nival! 

and Ostgiird. 1971: D viist t A.. .9731. [hus ,tol)s)s (Uriesi ai Foster. 197 l).:\ the V(,Ish ll,int lreed

: eivs we t tllitl elv illuIt ichllli(rsfrom the Me(literranmn re]ion l i 1 ptiitll il:,il Sv I i.(. riti( i 

TABLE 1. Effect of genetic and environmental factors on cold tolerance in Lolium perenne subjected to
 
14 days of hardening at 2' C and 3 days of freezing at -8'C
 

, il] 	 ill
(,t)Light (.iindilim,,s ditri p 161 (1.1% lilt] Hd l y B h%h 

\. i" :11)W /Ill*76 IV,/in' . V/
it.
haird ning (Iar n.t, 39 W /In 

II 	 31,.1. 197I) 	 61 .15 

(ht) [foliatiin ind ,pplitd N 10 Ni Ititogt Nitroglenl appilied 
dthys iwftorv hardf-nhin, not r.1l(;11 cul1 (tlu cit 

(iresi, illd F(ister. 19)71) fit) 	 411 411 iMi 

l(c( mi'ti.: Population Viii Mieti Iasillte S.321 Fa11 

intd origin (Litrinzelli (i.ilhuria) Mt lgitiln) (S:itly Isles) (C. Italy) 

t id. 19)71) 8 68 ,4 tM 

il(t)aind Ith) p [l ittlti( means. 

(h)anl (f;) -' under Hill day and approsx. 50 I /rn. 
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as a rna s of providiig (oilsisten ls(:reening media, breakable gene linkage. These are being dletermin edbul thu results are verified in the., field, particularly by experiment.
unde.r rigorous ip land conlitions. The upland Under hill land (:onditions we have to consi(derceunters also provide su rvivors for further breeding that havenaturally adaped red fescue pophulationswork. alvanlages over many lowland species in winterBy thusee means, improvewutls in winter hardiness survival and early spring growth under a low nutrienthave bieen obtained by selection within varieties of stalus (Munro, 1976). However, lhcy present probltalian ryegrass which have a,long growing season. lems in maintaining growth which is of a highAnolhei' apprioach is through ihel! production of nutritive value anil accepaible to the aninial throughhlybris betw(n northern and southern ecotypes. the mid slimmer period.
Thus Horrill (Rep. Welsh P1. Breed. St. for 1966,Il).51-53) has produc(d slable tetraploid (:o(:ksfool NUTRITIVE VALUEhybrids betwen() north Eluropel)n poplitions of 1). Researches intoIhe clemical and physical consti,tI')flhii/, and N'hecliterraiian D. lsitanuica which tlition of grasses nd (lovers have idhentified a(colillle aifus(ful inlsuri: of wilrr hardliness wilh number of (chira:t(risti(:s which affect digestibility,il) d poeinlial for oul-of-se son growtlh. Voluntary intake and the metabolizable energy of 
Low herbage plants (Jones, 1975). Considerable genetic:Nutrient Status and Specific Soil Conditions variation exists even within species, and selection 

'lfila ry,'Ira.ss "geiiyli'sc n be se leted for dif- for improvement is being carrield outl'I'eilitl et li:ieloies inll l ise (I nilrogen was shown ilthe Welsh
Plant Breeding Stalion (Cooper and Breese, 1971).by \ os mt l 'ieese(lN)(iWI). Work )yV'ilenlinie and The ryegrasses are generally of high (ligestibilily,(:hirhs 1 175) hits shown thatl the ve.rslilily of S.23 and here s(lection concentrates on factors affectingjtirimii'iil livgrass irfbrre(lf ltoerlieris, tundolbtledly, volunlary intake, pirticularly with regaird to theritlid to genlit lutevrogelity with regard to per- amount and Ip(! of structural carbohydrates, thet(,rimo:i, it ill(riiiilritrlgen levIls, thus allowing water soluble (cai'l)ohdli'at(es/prot:ii balance and the:na.1t)ral S"h'voi) of lief most fffiu:ieiit genotypes al availaleh minerals. The low digestibility and acceptthe illint sitels. A blreding pi'ogrl in ry(:grass aibility of red fescie during the summer period hatsis m)w%, il hifrwlv ti iiirls., tiough selection, been associaled with a)high proportion of stemfr,, im,)u)()I hdy ii1,i1tr 3)lrli;:(.l to

Jimr unit of l(eaif (Muinro. 19i76). and selection is being successlliiro,)1imi stpiplidf. ,r)(I liies exisl which hai.( high fully pracliced for later flowering varieties vhichexpri-ssion lor IbIis i.h,rro:tei((()ofnlii. 197-1). \'ari- have a concomitit redluction in this ratio and an,lio als(o exists in th, ellic:iiy )lvllhihosphafe uptalkef improvemnent inldigestibility. White clover naintainsfrom the soil. l ol. ev possifililie.s lor i ilprovewent a high digestibility fori most of the year sinc:e only,ar1 Hleltso e.(Il(bhli'd sinc, bltterli.ihsplth ex- the ]eaves and )(tiol(s are grazed oirharvested. ItIraitlion front lh soil c(,i.is lrely ()n i(:r(.sed is also high in protein mil minerals and-*is thusto(ubf toi'001 growth 'Idl this 1](1hfil;l'()ised top iavalable ddition to the diet of the ruminant animalgrw)vth.mf l. c;si(luin olv.,ri eflc:l on dy Imitlter on hills and lovlanIs.yiib]l((;ooiliIra., I1) 7-I ,ri)Ifui,sliii)li,:uimiiii:mti(ui).
Witliiii loninmiii 17 myidgrss itrie is awealth o)f ADAPTABILITY AND VERSATILITY

gelmiti(: variability 
thal 

i'll) hysiologica:l pr(msses 'h(! ryegrss/fescue: complex encompasses a vastmay bImiiiipul.ltld to give l rec ise .ip- range c)ftypes whi(:h ire,variously adapted to almosttatioloi I( vir g cilim:iltic/s )ilcnd:itions. '[hus, al the full range oIf climatic, biotic and edaphic condilie( W(lsh Pla]nt llr(l.ding Sllion. Wilson (lllpll)- lions that are likely to be encountered in temPeratelishe-d) hls leen '1lih, toc:iiv,, (,a)a ioie efficient grasslands. Cytogenetic investigations have shownlise if, wlli'r illrye'vgsilss ind fels :l!by sehclillg that i large section of this group is rehited to anfllr snlillhr or fewer sloilialta ild foi' hllf ridging, extent which will allow hybridization and geneticaid (b )aini u'ffi:tli\r use o(fissimilales in il'onm)ol- exchange. In these studies our imiiis to discovering giriwthl of liereiinitil ryegriss iV s!leci:ting for to what extent we (i include in a single varietyialower' dii'k respiration lte 'l'hese studiies hivei( those attributes which hitherto could only be introi'rodiiced xple(liilni hl var'ieties which ai'e beingtesth( undei a rainge of soil and 
duced into swards iasmixtuies of species or varieties.illiilgelent con)di- with all the attendant problems of competition alndtioins on hills and lowlanids. agrononlic incompatibility.Thle extenit to which thesel: harmict'istics caln he Success has been achieved in producing genet iibuill into vai'ieties iisiaIailns of extending general cally stable hybrids (allotetraploids) between Italianadaphibility, iasdislinct from forming Ihe basis of and perennial ryegrasses (Breese, vI ail., 1975). Themore precisely adlpted varieties depends onl their hybrids add a greater tillering capacity an( persisassociation with olhler characirs, and whether this tency under cutting and grazing treatments tIotheis(Ile to unbreakable phviolroph: gene act ion or to otherwise excellent growth and nutritive charac
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teristics of Italian ryegrass. By judicious choice of 

parents, enhanced low temperature and water stress 
tolerances and resistence to disease have been 

achieved. The range of the new hybrids has recently 
been extended by the production of stable allotetra-

ploids hetween the two ryegrass species and meadow 

fescue (F. pra tense) some of whichlihlt%,e shown a 

remarkable capacity to c ,ilinue growth during the 

1976 drought in the I.K. These hybrids provide 
a new dimension for producing early growth and 

conservation on the inbve hill areais. 
E Ftion

THE ROLE OF THE LEGUME 

The nitrogei-fixing capacity of legume /rhizobia 
associations his always be(e considered critical for 

the improvement of hill ireis. White clover is still 
useful species for grazing indconsidered the most 

within this species the indigenous small leaved 
"wild white'' group, of which S.1114 is viariety, 
has proved the most persistent (Munro. 1976). Intro

ductions from he) %1d(iterrane,i countries hlve a.\ n 

longer Season of growth, but the'se larg(er-leaived. 
f r sv-su s cn'p tib ht an dilo n ger-p etiole d p1 arl' 

m ot, h y h y hrid izia-
n o n pe rsiste n t. Efforts are be ing 
tion and s let ion. ias(list;usse(l earlier. t) comhine 

a; : 'p tii 
a p o te nt ia l f or a lo n g e r g row ing s e a so n w ith 

ble levels of winter hardiness and persistenct'. 1Under 

upland and lowland conditions. however, there are 
considerable year-to-year varittions in white clover 
production which require further (lucidattion idil 

is the subject of 	agronomic and physiological study 

(Davies. 1974). 
is 	 (:JmpttiliveOf particular im portince the 


cooperative aspects of associatedl grass ind w%.hit( 


clover genotypes. The ability of whit,: c:lov(er t(o 
compete with a compianion grass under different 

cutting frequencies is related to its "stture" its 

measured by the size of the leaf and length of petiole 

and this principle has been used by Davies (1974) 
to select white 	clovers specifically aidapted to dif-

ferent management systems. Rhodes (unpublished) 
at the W elsh Plant Breeding Station has show n that 

t h e ag gr e s s iv e n es s o f th e as s oc ia ti griass c a n i ll t trln 

he related to "stature" as measured b)y leaf length 
and erectnesi. Red clover has consid(erale promise 
as a conservation crop for th int e areas. Seh.t ion 
here has focused on tolernce of colder condilions 
as well 	as resistence to clover rot (Scherolinia Irifo-

liortim). Variation in factors associated with bloat 

or infertility (oestrogen content) are also un(ler study. 

On certain hill soils, particularly oin the more acid 
white clover o: v fail to estiblish satisfactoryareas, 

N-fixing assoriat ionils the natural popla-


with soil 
tions of Rhizobiumn. On some of these areas surveys 
have shown that Rhizobium trifolii is either absent 
or represented by strains which are ineffective with 
introduced material (Jones, 1966). Inoculation of 

white clover seed with effective strains of Rhizobium 

is thus considered to he essential, or at least atuseful 
over a number of hill regions.insurance, 

Although strains of Rhizoimn may form reasou

ahly effective nodules with a fairly wide range (f 
there is evidence that the efficiency ofgenotypes, 

N fixation depends on a precise interaction hetweei 

host and symhiont (MNyttoiin. 1975a). The provision 
associaof Rhizobitun strains %whichform efficient 

tions with clover adapted to hill land conditions 
forms part of a program designel to improve these 

associations ingeneral through sinulltaneols schc
of host and symbiont (Mytton, 1,975h). 
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BREESE 

DISCUSSION 
Tim Taylor (Kentucky, USA). What scope is there 

for breeding Rhizobium as well as legumes for the
hill lands and how successful have you been at this?Breese. As I briefly mentioned in my paper, i, good 
response in white clover growth has been obtained
from inoc;ulation with an appropriate Rhizobimn
strain, particularly on peaty soils. The response is 

less in th( number of plants estal)lished than in
the vigor of growth two months after establishment.
The data that I showed indicate that this beneficial 
response is still evident 14 months after estahlish
ment, although by this time there is evidence of
effective nodulatioon o l the un-inoculated control 
plots-perhaps by cross contaminat ion. We are stillin the early stage' (if selecting Rhizohitmn strains 
for these environmients but mnv colleague L. R. Mytton
has isolated a strain from hill environments which 
has proved to te effe(:tive inI'vr these conditions 
in associalion with small-leaved white clover varie
ties such Is S'184. 
Howard Kaerwer (Minnesota, USA). Could you tell 
ius something ahout %%twhat ploidy level you're working 
\with in the red fescues, and also whether you have

lany ideas aboult the heal tolerance and the growth
(icharacteristics tf' the fine fescues which are used 
for forage purposes'?

B reese. M y coille aigiu e J.NI. M unro wvill be talking
 
this afterno)on about the potential of red fescue tunder 

hill conditions an i wouIld not wish to preempt
what he h;is to say\. Brieflv, we have screened ia 
wide range of red f!su:te-s but have worked chiefly
with the 42-chromosome set:tion. Our interest is in 
tlt! fact that indigenous races of red fescue are 
ad[alpted Ito sLrvive the stresses of hill landlhe
conditions, can grow t(arl in it season, and arealso capahle of producing iih yields of dry matter.
Thl chief disadvanlage is that th v'are less digestible 

dd acceptable to animals than lowland grasses,
particulharly during Ihe ltter part of the season when 
contitiued growlh p r(tluces stems rather than leaves. 
hi this contexI, Muinro and his colleagues are select
ing later heading varitit ies which iire less prone to 
p'ouctl{;i stIms and. concom itantly, have i higher
digestibil] yi'nd acceptahility. I have no information 
directly on heat tolerance. 
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12. 
Techniques for Hill Land Improvement Used in the 

United Kingdom 
Peter Newbould 
Hill Farming Research Organization, Penicuik, Midlothian, Scotland 

ha) of the land inAbout one-third (5.8 million 
the United Kingdom (UK) being utilized for agricul-

ture is defined as hill and upland. It occurs predoni-
and Northnantlv in Scotland, Wales, the Pennines 

of England, parts of Southwest England and the 

upland area of Northern Ireland. Over 70% of this 

area (4.1 million ha) is unimprox ed native grassland 

described as rough grazing. A striking feature of 

the rough grazing in the UK. which distinguishes 
it from much of the under-utilized native pastures 

in other parts of the world, is the marked "turf or 

matt" which develops to varying extents on all soil 

types. Its extreme form is seen in the blanket and 

hill peats. 
The hills are tsed mainly for the hreeding and 

rearing of domesticated ruminants. predominantly 
deer, for dairy farming andsheep and red but not 

the production of crops other than to feed the 

animals. Some farms with a proportion of enclosed 

readily cultivatable fields (inbye) or high quality 
used to fatten lamhs and cattle.upland pasture are 

The free range year-round set-stocked farming 

systems for sheep traditionally operated on hill land 

in the UK, although varying to some extent hetween 
tended to result in marked tin-the regions, have 

derutilization of the available herbage (Eadie, 1976). 

In these systems the nutrition cycle of the hill ewe 

is poor. Recent work in Scotland (Eadie et al.. 1976h), 

in England (Thompson, 1973) and in Wales (Roberts, 

1973) has shown that the key to improved production 

on hill sheep farms lies in pasture improvement 

to enhance ewe nutrition. The use of "two-pasture" 

systems with some improvement anti more efficient 

utilization of both improved and unimproved vege-

tation results in higher stocking rates, more lamhs 

per ewe, reduced ewe mortality, heavier lambs and 
(Eadie, 1976). Tbus, given favorablemore wool 

cost/pricf, ielationships. financial margins can be 
significantly en hanced. 

This paper describes the chief features of sorne 

of the main categories of hill soil in the United 

Kingdom together with the vegetation they support, 
they are improved and emphasizesindicates how 


probihms or discussion points which can arise, 


HILL SOILS AND VEGETATION 

Climatic and soil factors interact to form the 

existing vegetation anti to limit its production. Cli-

inate is the dominant influence as it determines the 

soil-forming processes and affects the growtlh of the, 
wet and windyplants directly. The climate is cool, 

and it deteriorates rapidly with altitude, particularly 
in the wetter western areas of the countiry. Ihe soils 

are formed from rocks of Paleozoic or olher age which 

can he sedimentary, igneous or nietallorphic but 

which are all resistant to weathering, producing very 

acid, shallow and stony soils of poor structure, low 

in nutrients, especially calcium, phosphorus, trace 

elements and, most importantly, availahle nitrogen. 

Moreover, even tte freely drained soils ((roups 3 

and 5-see below) exhibit very strong fixation if 

added phosphorus Ile to th' I.rge surface area of 

amorphorus "allplnic" materials. The main types 

of hill soil in the IK have been desc;ribed by 

Crompt on (t1958),formation processes were dis

cussed hy Floatie (19611) and the resulting soil condi

lions and nutrient supplies hy Reith 1973). Mean 

annual soil temperatures at 50 in are lsiiilly 
and near the westernWtC except in parts oflWales 

seahoard (Ragg and (Ilyien, 1973). l-or thi!present 
purpose, hill soils (:allhe divided into five main 

groups (Ast lon, 1970) althcugh the first group is 

of little significance agriculturaIlly. 

1. Skeletal soils (Cryorthents): the screes and iuni-

Ihes of hard rocks that occur oilsteel) slopes, usually 

at higher altitudes. 
2. Blanket and hill peals (Fihrists and hem ists): 

the depth of peat varies from 0.3 to 6.0 m or more. 

They are extremely acid (p11 < 4.0) and although 

they contain large total amounts of N (10000 kg/ha) 

and P (2000 kg/ha) only smnwl amounts (:10 kg N 

and 40 kg P/ha) are available to plants. 
:3.Podzols (Orthods ant Ilumods [Cryic, lragic 

and lapli: great groups]): highly leached soils of 

poor structure extremely low in all nutrients, often 
with an organic (non-histic) or unhric: epipedon, 
plH 4.3-4.6. 

4. Gleys, peaty gleys and peaty gley podzols 

(Aquepts andi Aquods ICryic, Fragic, Hlaci: and 

Ilaplic great groups] ): soils with impeded drainage, 

generally with umbric or histic epipedons, fil 4.0
6.0. The nutrient status (if the predominantly gleyed 
soils is higher than that of the potlzols. 

5. Brown earths (Ochrepts ICryic, Fragic and lDys

trio; soils of good st roctUiregreat groups]): mineral 
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with moderate nutrient status but still acid by low- The composition of the vegetation growing on 
land standards, pH 4.6-6.0, "X base saturation < these different soil types is determined mainly by 
20%. soil drainage conditions, by soil pH, by the biotic 

Only small areas of uplan(l Britain have been pressure (grazing and/or burning) and by the cli
surveyed in detail so that the overall distribution mate. Detailed descriptions of hill vegetation types 
of these main soil types is not known precisely: have been given hy M(Vean and Ratcliffe (1962), 
moreover, soe areas have extremely complex soil King and Nicholson (1964) and King (1976) and 
distribution palterns. Iowever, in general terms the the relationship of (:omposition to the main soil, 
deeper Ilistosols and A(luods tend to o(:(Air in thv climatic and biotic factors in a recent bulletin (Ash
vestern parts oif the country with annual rainfall ton, 1970). A brief description of the principal hill 
greater than ahout 1 500 mm. Thelpotnlially pro- vegetation types and their annual production of dry 
iliictive (chrelpts and minerral dominant Aquepts matter (Table 1) in relation to the main soil types 
fund to occur at lower elevations throughout the shows that the most productive indigenous hill 
hill areas although predm inantly in central and vegetation is a species-rich Agroslis-testiuca com
eastern areas, and possibly extend to between 1-2 munity found on the better (lrained brown earth 
million ha. soil of moderate p1. However, the level of production 

TABLE 1. The main hill soil and vegetation types in the United Kingdom 

Average 
Vgitation P'roduction 

"oil I)I Short Titl, Variant Main Species (kg DM/ha/yr) 

ilrvwn earth,. 5.2-5.5 A i:id grassland or (a) Species rich Agrostis hriiuis 
Agroslis-Festui:a Festuca rthra 3 500 

'Trifolinuin repens 
Many herbs 

4.6-5.2 	 (b) Species poor Festuca ovina 
Agrostis hunuis 
Agrostis canin 250 
Few her2500 
Sometini s P eridiun 
aquilinum

(;hys, tiplly ghIy, 4.0-5.2 Grass-heath (ia) Purple moor Molinia cacruhtea 
tiily glhy podlzol Festoca oina 

l)esthani psia fhcxuosa 
Vacciniim myrtills 1 1100 

(b) 	 Moor rnat Nardus stri ci, 
Fvsttici uvinia 
IDeschin psia flextlosa 

I'uilzol/pealy poltzol :1.11-4.5 Shrub-heath (ii) Dry Calhmia vulgaris 
Vacicirlr myrtills 1800 
Erica ci nrea 

(h) 	 Wet CalIna vulgaris 
Erica teiralix 
Triteo phornuin caespitosoumi 1500 
Molinli c.a-rulha 
Eriophoruni sp. 

Blankel Ieat 	 < ,4.0 Bog (a) llanket Calluna vulgaris 

Erica totralix 
'richophortni cai'spiiosuini 

Eriophorun sp. 
Slphagnuiin S). 

Other mosss 

(b) 	 Cotton grass Eriophorunn sp. 1 300 
Caltia vulgaris 
Sphagnum sp. 

(c) Purple moor grass 	 Mil inia cairil,, 

Ciallutiinl vulgaris 
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of this hetter type of hill sward is still poor by lowland 

standards (Table 4). 

LACK OF AVAILABLE NITROGEN 

As indicated in the preceding section pasture 

growth is severely limited by lack of available nitro
gen. The lahile p)(ol can he enlargetd through the 
extra nutrient cycling which follows the additional 
utilization hrought about hy grazing control (Floate, 
1971) and by the increadsed mineralization which 

the er,~ theth 

follovws the )p)iicatiIii of lim.ithver, these 
increases are not adequittto support high levels 
of prodluction from the hetier acid grisslinds ()r from 

sown lowland grasscs. The innualapplicatin of 
nitrogen fertilizers to even small area1S of improved 
pasture integrated with large arvas of rotugh grazing 
in hill sheep systems cinntt Ii' justified oil e(milomic 

grounds (l',(tie. 19731 did tht're I ,ilto,)t universal 

agreement that lt requirtd nilltgti (.,Ii only be 

supplied by biologi,:,l ti\itin with I lgulme 

(Munro, 19:/3: N,wboili. 1974a) thelone that lesi 

fits the climatic and soil I ,iiiniis, in lilt 1K being 
TrifoliIIm rp('os whitt ,:l t,,. 

An additional rtasmi mr.il(i w.hite t: lovt 
is its high quaility i a It] h(,I 11 uin~l iiils 

(Rae et A!., 19(i4: 'lihomms, i ntd Rvt,n . 197(: 
Not til!%i, brkatArmistronanti ainddf. 19731u be- I 
il [h,5ilh, hi ,-:,IIalil men T: 

of its high digestilit Itii.,h l ,, ., vlulitir rilki' 

of ;I mixed swir and it ,pitt,,, thi' the i ati/iiti 
o! le pirolucts tf digtol.Y :I'll . Iti htil, 

is better than trtm grosn ,iiw. 
Thus the key ttt hill ti),ltur( mnpvniit in the 

UK is t() miake sil (:tiih!t,lt ( Ii ha lo Iit h. 
native and introduictd whirt lvtr ,nts I ,n ttr 

dnd fix as much nitrogtei is pisti fi. tat. 

high il r ( and . liq 

lrtsenl 
su ggests that from ,,(I-150 ,g N ha (,Ii Ia fi\,d 

hill swards whtst dry mitter ((tntinsannually hv 

20-30";, whit! cl ovi. 


TECHNIQUES OF PASTURE IMPROVEMENT 

A large number of different tetchniqis ire ust'd 
in the UK and most have been des:rihii (NSCA. 
1972: Frame, 1N73). 'l'hev range in i.st, spee(l ttf 

response ali persistence of improvemient froin the 

provision of a fence alone, enabling rontrtl of graiz-
ing, to the latter plus lull cultivat ion and the ip-

plication of fertilizers and seeds (Newiould, 197-11b). 
The latter, if successful, brings aiout raipid ch;imue 

in herbage quality and production while the c hanges 
following the former are slower. The choice1 of a 
specific te;hnique depends primarily ol the existing 
plant communit and the type of its underlying soil, 
on the needs of the grazing system and on the finance 
available. Physical features of the terrain, such as 
slope, degree of wetness, aspect and access are 
secondary determinants which influence the choice 
of site and technique. Figure I illustrates the vegela-
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Figurei. Vegetation successions needed ro hring about pas

tional changes that are theoretically possible io bring 
alolt pasture iill provellient, although not all have 

heem, demonstrated in practice oin a field scale. The 

diagonl lines represent the cheaper but slower 
changes while! the u)vard pointing arrows indicalte 

that all existing communities can be changed at a 

c:ost to a white clover/grass sward althoiigh the 
differresponses in yield of div matter to be expected 

,acros the spectrum of vegetation types. The tech

ni(uies fall into three main classes. 

Im prove Utilization of Existing Vegetation 

1ecaiuise the sto:king rate in traditional systenls 
is markedis set hy winter carrying captcity thore 

(lirv presenluilehr-utiliziltiiii of the herbkige r matter 
in thw grtwing se;asto. l'iatlie and Cunningham (1971) 

have estilmated utilization tIo lie no more than 20% 

on iver,,g withI many sstlems falling well below 
this level. 'lberv is cinsiderahle scope to make better 

uset the tx\isti g dry initter hy controllitng grazing 
wthillthe aid of fences, hy increasing sto:king rates 

aoid /,or by mixetl sticking. i.e. ftllowing sheep with 
iatllh, when possible since the latter are less selective 

g ..z', rs. Thus the nly financtial input need he a 
feoc:. lhough it is likely that the cost of extra.i 

sttt.k and a(litiniil vterinary services may also 

Ibe inurred. The appliciihility iif this technique 
differs in degree lietwein tl! \'arious l)lant cltommu
nities. 

lhth variaits of acid grassland respond well to 

the low c:ost imlprov,'ement provided by a fence (Eadie 

c al.. 197ia). Grass heaths dominated by either 
Nardus or Molinia respond less well to this simple 
treatment (Eadlie N il., 1976c). Bog Vegetation oill 

the deep peat soils shows little favorable response 
to extra grazing (Grant Ntt a., 197() and iml)rovement 
here demands the application of lime and fertilizers 
an(d'the sowing of grass and clover seeds. Similar 
considerations apply to the wel shrub-heath and 
probably to the dry shruh-heath dominated by (Ial

luna vtidgaris (heather). Until recently little was 
known of Ihe nutritional qualities of this vegetation 
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or its response to uLilization. Work at the Hill 
Farming Research Organization now indicates thal 
heather vegetation (can do little more than provide 
a naintenance or near maintenan(e diet for sheep
an(] that grassy or grass / clover areas are needed 
within the heather t(J provide adequate nutrition for 
lactation for single lambs and for ewe body weight 
recovery ((;rant and Milne, 1973; Milne, 1974). 
Ilowver, these workers have shown that the heather 
phnt can tw utilized mo re efficiently (uip to 40% 
of present season's shoots) without detriment to its 
own growlh andmpersisthence. Many farmers appreci-
ate having this vegetation bec(a use Of its usefulness 
inl winter. 

The principles of good heather management by 
regul'i hurning to ma inlain a high proportion of 
present season's shools are well known and atnewguide f r farmers is about be puhlished (DAFS,
1976). Some diffi(:ulties hm trisen in the past over 
the ipliiation of this knowl ge hecause of conflict 
hleweven sporting andl agri(:ultural inlerests, 

Improve Production and Quality 
Irmproved utilization as described has the conse-

qlen:e of improving quality and quantity per se,
because more nutrients are recycled through the 
grazing animal. In addilion, since more young green
lvi,\es are exposed to sunlight, photosynthesis, and 
hence growth, (:in procie I more efficientlly. 
Ihowever, the process of improvement can be further 
enhantced by a variety of treatnents, e.g. burning,
cutling, liming, adding fertilizers and applying 
herbicides before sowing of seeds is neerled. 

The coarser graii.:ss, e.vg. NAlrdus, can be discour-
aged hy tse of low doses of Dalapon (I laggiar. 197i):
this treatment can be (:ost effective if better grasses 
are available to tvke its place. ( mmunilies of acid 
grassland dominatel by t1teridimn iquilinzn
(bracken) can be improve(d by use of herbicides such 
as Asulan which controls Ihe hracken. This weed 
has heen (:untr(ole(t in Ihe piasl by cutting and 
plowii g but not all sites are amenable to the lttler 
treat ment. Recent work IbvDavies (1976) suggests
that it may he possible io cover the cost of the 
chemical Ir:eatmenl by the value of Ihe extra produt:-
tion from thu'ounderlyin g vegetation.

Th'!re is little evidence even, vwith acid grassland 
that hill swiirds respond with extra dry mailer 
proluction to applications of lime and phosphate 
alone.unless sward composition is alteredI markedly.
TheIlhilion of nitrogen can bring ahout some
increised produclion in all but tlolini,-domin tedsward s (M ilho n . 1 .940: Hlu n ter 19(62 ) hu t D),av ies and 

Munro (1975) ham'e shown thalt Aprostis-Fostc,t: d
Atolijnia commintinitie's are far less respilsi\e toil itro-
gen than inltrod utlt'tl ryegraiss /whit' t:loviir swards. 

Signifi:alnt incrilse's in prt tuli;on Only ftllow 
luctioln whiteIhe inlr of%, clove' illd gr;Iss seeds 

to supplement the indigenous vegetation. Recent 
work at -IFRO (Eadie et al., 1976(c) illustrates many
of these points well. Three sward types (Agrostis-
Festuca on brown earth pH1 5.8, Molinia/ Nardus 
on peaty pJdzol pH A.0, and NMrdus on peaty podzol
1)1-1 3.11) were enclosed, cut ;indi borned, and in the 
case of the Nardus site, treatcd with Dalcon, in early 
spring. Five treatments were then applied: 

. Contiol. 

2.3. Li me and phosphate (1.25 MT slag / ha).Lime (11:1 MT/shat. 
4. Lime, phosphate and white clover seed (1.40

kg SIOD/ha, 0.84 kg Kent Wild White/ha. 
5. Lime, phosphate, white clover and grass seed(22 kg perennial ryegrass/ha), plus 40 kg N/ha at 

time of sowing. 

The plots were graze I)y wether sheep at three 
times in the year (May-june, July-August, October-
November) over a period of four to five years; the 
stocking rate per plot being judged hy the measuredquantity of available dry matter at the star and finish 
of each period and the grazing pressure equated 
in terms of dry matter per sheep per unit area. 
Relative production was assessed in a number of 
ways, but the mean number of grazing days alone 
is shown in Figure 2. The three swards all responded
significantly to treatments 4 and 5 but only the
 
Agrostis-Festuca to treatment 2. The number 
 of 
grazing days was always greater in the Agrostis

rj 

Gi... g 

days Ls( / 
per ha .... De/ 

, .,o,,., ... ,*C: 

/ ." 

20/ 

........ ,
 

10 ___ 

, - ... .cu-... c .... 

.ii..G 
Figure 2. Effect of sward treatment on the number of grazing 
days per hectare over three grazing periods per season 
supported by thre- contrasted vegetation types in southern 
Scotland (Eadie er al., 1976). Mean results for four or five years. 
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TABLE 2. Model scheme for improvement of hill land by replacement of indigenous vegetation 

lt'iii s,+ 

tian 

Sir\t, 
,el'iilit 


Eli'Is" 


[)Istrolv indietltoils 


Lirmle' 


Fi+Prlilizi 

Cultivhate 
So\% sted 

I lilizv' 

NIiintill 

Factors or Activiy 	 Ililplit I Land (per Ili) 

strategyNill gi'llllt+ill i: tllill"ic 	 Prior t Soling 

sotil. t'ttltion. - ttiISS. ,iCvss, isIect 	 Limie 
I

t osphot Irs"ihl iI " - low altitotic, drier iinieril soil 

Ch ,ip. ffitise ,tl hiig-listiIg fineT Al tir nir .stowing 

Ihrn, ciut, girizt, AtIv. hlirhi:t'h, Nitrmiiitn 
Potassitu 

551 	 t'hoslthoros 
Whilh i:ltovir 

Rtdii:e idit ipl 

hosphlllti. lii S l l. ltin tterenniil ryotgrass 


TinIllthy 


n.uIti Ioislult, or Cocksrol
Prepare siti hetwith 

Whift i:hIoer tlb Rhiibiin ind griss 'T,1' spring aflei"soWing 

Avoid grwis. hi itt int i%egr Izing in ,itlflnln and spring 	 Nilrogein 

(;razing controiil. lil t pndholsphate 

L-'estUCa than the other two swirls. ()n thi assuilp-
tion that a sheep consutmes ahout 1.4 k'g 
DM /ha/grazing day the totl yield of dry miatter 
ol the best sward ws approximately iqiuivilent t( 

infl annual production of 5 250 kg'hlia. 
Despite the well-ililustratd' benefit Ot intriilu(l:ing 

wvhite clover into iacid rissl,ld swards this is still 
not easv to do ti;hnii:Illk inil wvill be disclssed 
further in ilater sei tioll. 

Replace Existing Swards with Sown Plants 

It is possihl . till all hut the 'A(,ttest. steepest or 

is ailaile. to replacerockiest hills. wvhere iaccess 
the existing vegilattiitl with intriduced l,iots if :oist 
is to limitation. Hiowever. since the latter condition 

rarly applies, a gr!,t dila of effort has gone into 
finding the cheapest and easiest methods comnwn
surate w ith restults (i.e. cost / enefil analysis) fur 

itrange of site types. Allhough inonti el imlirovenient 

scherries for all the main vegfetalion typesc ihed 
earlier cin be selected from the prot:ses listed il 
Table 2, this dies not mein that all sibiec:ts 

or that the responsesi
equally deserving of atention 

are identical. It shoul lie evident that mijor capitail 
investments of this type mtist he dire:ctld ;t those 
site type!!s with the greatest potiential to respond to 

the treatment. 

RELATIVE COSTS OF DIFFERENT TECHNIQUES 

Many i mcnhinatitns Otfthe m nll i.grornmit tech-
niques tiseod to iring abtiut pasiirv' iMnrovelfent 

are pissiile illpra;ic;; andI the re;lative cuist of just 
a few of the princ:ipii griilips ire sho~wn illTable 
:1. Present legisk]itlion in te I JK illovs the farmer 
to claii a 0" , gr,inl agiainst such investmnts so 
that the nel cosit ti the fiarler is half that indicated 

:-7 irs oist slowili 

[illnit, 


llostlhl i, 


2.5-7.5 1 

:m0- u1)kg I 

40-1i0 kg 
6l-120 kg 
410- GO kg 

2 kg 
24 kg 

i0kg 
it11 

0-40i kg 

5 t 

6) kg I' 

TABLE 3. The relative cost of hill land 
improvement techniques used in the United 

Kingdom 

ICost ltti, I,, 

I',n,itC,,itiol (;i,zing 'oitig 

Aont II' 
[l-tr-tiithh, l)iio It o rlitti '\aldils 1.2 

ofrA'\h ill Ihi)ic nlilfi 1i,r1ilumi 1.4 

l1 ht 	 1 .9 0 Ln ,intl hirus 
iut 


[ine, phisphjitorui. %tii tohr itl .is ,
 
-Lilie. otiispihorus itnd ,,vh i. ,,t 2.1 

sit,
 
%\itti i:iitdltim :.1 

with 1l,,witig 3 .1 

Thi- l st lifit s hiket is,, 1:711.it,. til, gloss (,it t Iia 

(If1,n1 itig ill iti [ wit a tti .t. c:tsting 55 pitn.i,/ii.I, %,i 

hy the Tiibleh. It is hoped that EEC regulations will 
allow thisslenfupt.level of SUl)li(rt tolcoilllih 

PROBLEMS 

l uspite h eii ierh(nce with these lechniques 
inId their application, some and some coilroiigreel 

verskidl proleilns remain for discussion aidn firther 
resear ;Ii. These ire described briefly below: 

Iraitaige. This is riot illelitioned in Ihe rnoel 

scheme (Table 2). although it is indicated under 

site selection that tle drier of the weiut areas should 
he used. BI,contrast mnlily alvisers place lrainiaige 
at the top of their list of aclions. Ilovever, ihe hill 
farmer who wishes to improve prodlllction c:in often 
achieve this by extending improvement into Ihe 
accessiblh drier areas of indigenous vegetlititn with
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ol an expensive drainage scheme. liIi I farmers who layers, puddled or smeared surfaces, and te active 
have no drier areas may need to Lreove excess regeneration of indigenous plants, particularly on 
surface water by a few well-placed open (lrains the brown earth sites. Machinery has not been 
(r.3/ ha). The cost of underground systems (tipl to designed specifically for hill conditions so that 
r.500/ha) wilh tiles, polythene pipes and infill is rolovators hrought from lowland farms are some
rarely justified in lhe hill environmenl although if times not robust enough to cope with the stony or 
the process moves lanl from at very low to very rockyconditions found in hill soils. Plowing, though 
high production clpacity which is effectively uti- much used on accessible ares in the past, particu
lized, it may sonelieies be equated to the purchase larly in Wales, is used more cautiously now following
(if lowland. The role of draini,,e i.,: different for a the appearance oin many treated areas of Ioncus spp. 
lowland farmer who his to seek to increase produc- (rushes) from the exposure of buried seeds. 
lion from areas otherwise ca:palde of' high level The need to introduce clover into existing swards 
of production. has increased interest in the(design and production 

A further oplion which has been successfully of sod-seding machinery. Prototypes are under 
applied on the west coast of S(cthlaml (Nicholson development in England (WRO, 1974) and in Scot
cia).. 19IM; Eldie t J., 17(ib) is to improve only lnd (NIAE, 1974) respectively and both rely on the 
the drier portions of i lIlrge areaof wet vegetation slit principle. 
on t ,"sjiicpIttern, lite whole ,rea Ieing fernel. Time of Sowing. As might he expected with the 
I1eciouse lhe qoality of herige ()in lhe irltrovtid areas wide variation in climale in the hills of the UK 
is riiiiih gi'eater Ihan that of th indig!1iis vegetil- a broad range of' recommended sowing times exists, 
lion it is preferentially glrazedl b v sheep so thlt the varying from March to August. Depending on region, 
required degr've of strategic gr.zing control is farmers ire told to avoid May and June which tend 
achieved by the outer fene irltinl the whole (lesig- Io be dry. Without more accurate predi(:tions of 
nlated palddock. weather than are possible at the present time the 

I''n:es. Despite general o;knowledmnrit that the iria in :ho(singi sowing dtlle is to have sufficient 
first step in hill land iinproveiletI is thl' provision soil moisture, good conditions for ripid growth and 
of at fence there has been little research into f'e(:ec no frosts. In generil, this mvans as early in the spring 
design in the tJK. Most of lith stimnitius to develop as possible. An attempt to examine this subject more 
amd chealipn new fence ldesi,,is has come, from Nvw closely is in progress (Rogers, 1976) an( early results 
Zealand. '[he cost of tradilional [eru:in (1posts anl suggest that there may be advantages to sow in the 
wire) is now ext:essive but the )roisi( (if high autumn., particularly for grasses, but also for white 
tensile wire of thinner giugi enabls novel spring clover. The pI.nirts shohrld he sufficiently established 
and letricfencing to hw designli (Armstrong, 1975: to survive Ihe, winter. They are then able to grow 
(;ilumni. 1975). Iurtherefforts to provide inexpensive rapidly as soon as cotditions for growth return in 
but efficient barriers (f long litfe ire required. the following spring 

Cultivation. This is mI,(.de(d Ihoth to reduce St'it'rl'ertilizePr-Anmot and Time of Applica
:OMr ii~le fromt inldigeouOs SpeV(:ieS arid toi pi'epirre tion. Opinions differ as to the of fertilizert o amount 

a suitble seed bed. Plowing, discing, rit(vivling arid nitrogen needed, and tlhe best time to apply it in 
ha'rowing have All been used suicessfitllk (on hr'uwn relation to sowing. Advisers and farmers in Scotland 

rot tendis hIt to suggest no more than 40 kg N/ha, whileyeth aridlew toellaied 11a1.'v soisbed orin Wales they re(comnend 80-120 kg N/ha. Sugges
'lt lih.ifinlodfi(nsfrm the ''ideal'' seedte lhtions as to when it should be applied vary from 

arl il) rlililit gn,ral hmicterisi s t hefollw:(l three weeks before, the same time ias. or utp to nine 

for: weeks aftersowing. This spectrurn of opinion reflects 
Well-drairied brown eurth--cimll Slrsm the contrasting reasons for adding starter N fertilizer. 

of" (:ml)etitiori fi'om iiu'igenotus7rlamls 111(l a fii, In it!e gereralIh, N-deficient soils it is needed to(ilth in soil surface ir with gmneral firmness: poirly give the grass plants suffir:ient N for establishment(lrinel Srolwn earth-compt e srp'lession f int yet there must not he so much as to interfere(:(iltliiot n nd go o l) livsupprei ; with nodulation and N fixation hy the while clo'er.comp eitio n and good me etit( rl mo l's: There is evidernct, to suggest that N fixation of 
rfry p tly lio'zlol-firrirn ss: t elpealy'Podzol-l iok estlahlisled whiti clover treated with 80 kg N/ha 
oifsu'ace water and ability to caiir'y ut timely is only 2:3-30,;. of thait in plants with no added 

(operiltioris; and peal-lick (If surfar e water (n 0s)
cultl ivat ion is usually riquired oIher han teading N (Mrustaffa t al., ',969). to resolveIri Investigations 
in hy sheep). these issues Ire lcurrently ill progress at HFRO 

iolvilers which can arise are puffy or loose seed (1laystuad, 1976). 
teds, too imiuch trash on the soil surface, chunks Response to Fertilizer. The response of ind igerous 

or piads (if peal overlying hut separated from mineral hill vegetation to application of lime and P is poor 
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in terms of dry weight (Fig. 2) although thet content 
of Ca and P in the herhage may be enhanctd. 
Response to added N is variahle: Davies and( Munro 
(1974) found a very poor response with Aigrostis-
Festtuca when compared with ryegrass growing on 
a brown ear'th soil. Thus, there is more initerest in 
(letermining the response of rvegrass, and especially 
while c(lover, to fIertilizers over tht rianlg of hill soil 
type+s. 

Recent work with white clover qrown inl pots of 
deep lpeat. pealt, 1pcdz (olnd brown earth soils it 
ItFR() (Raugeley. 1976) have shown that there was 
nO illc;'isi ill (itr nv1ttir prmd(c;ti ll tf clover shoots 
in any of the soils when tli N lh, il icri:rsetl 
fromo -.lit kg N/hai. Signifcint ri.pmlstoll's I P 11101-
kg P/ha) anmd K (1-:i2t) k- K hidllind I positive 
inltei',itt lieth illi thiil, \%.,is Jh,.ersvd ill all the 
soils: tl itigllll h, lit ri'spon-e .i tg tItlst ill hi 
deep p ',tt ill 1lI' ! ill tilt' rwn)\\I1 tot' 1 soil. "l' 
inte,t(tioll lo t tl 1) '1dl \ Is illj ,titt,t ill Ii'. 
3 ,lri . it cl: tirmId ill h eildd. 1.1y me.rit a ch: sir 
:ost / 1)1,1iii0 ,i1,ilysis t -,.e'if the (latilIv ii K (41)-lit) 

k,,, Kha) (usilly reiconiniiidltd firsoils ot this type 
with a P aipplici(on of (tt kg 1) ,c shcild h 

in ( r Si I.19)75). 

kqK ha 

14- 320 

12- 160iiiitililiei 
Shoot 12 / 

dry weight 
g.pot) 1hut 

80 

0,10 

6 # 

4-

0 

50 S1001 
Phosphorus hthr 

Figure 3. The response of whtite clover to potassium and phos-
phorus when grown for nine weeks in pz-s of dry peat soil 
(Rangetey, 1976). 

Trace Elements. lill soils derived from iaid ig-
neous rocks, sandstones or peats are often low in 
trie elements such as Cu and Co whic;h are require, 
for salisfactory growth and health of plants and/or 
animals. S i e the availability of Mo which can 
indIcce Cu deficiency rises with liming, and because 
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of tie dilition effects on the small amn lilt of the 
trace elements caused biy growing more productive 
plant species, care rmust he taken when improved 
pastures are formed with liming on soils known 
to be low in extractable Cu and/or Co. Affected 
anizmals can he Ireated directly by ,Irenches, or 
grazing mtianagement can ensure they a'e not left 
for too long a l)eriod on the improved swirl. Treat
mlent of the soil anld/or -egelatlion with Cii (20 
kg/ha) anl Cl snlphltes (2 kg/ha) is adlvociateil 
btl this has Ien shown to have liltle e!ffi,:t on the 
Cut contetll of grass;; white clover shows l higger 
response (Mitchell, 1972). Since Cu in the diet ot 
grilzing slhep in aitmounts greter Ihli oolllhit 20 
ng/kgIt il i matter is toxic these proi:,dures iiiust 

Ill, :sedwith :,iuiti(ol. 
[o optimize liitiogtli, fixation hy Rhiozliumiii ill 

its svmlciosis with %%-hitle clver it mav illso 1w 
Incesslr,. v, pllti;cll'rlv nov tha sllg is Ito longer 
rijlilyd ,ivi ,l. to did small amlulnts of Mn, M. 
Nlo, 13 ild S to sIll soill. types. 

lim 1ol.tjito (d l'lj , (.'hw.r. N1, hill soils hivey11.' 
eilher ni 1?uiihia (t" small num-ers of largely 
iriefbi¢tivstr, tlllhling.of King.. l.ti;t; Nlvtii. 

Ri51 )cinsis to) inliiiliitii l hem ruiii.iiiiliil 

oll the bilrlllr soil types ,Mytto. i175t mnd diIIdjiir 
iollaorative. silii'5 (if trialls inl (;riat ltiit'ii is ciii
riciitl\ iilvisf igijt ill limolis ill Soils o)f lilit 
lype. ()Ily one[1 i iil'monfirl in fh, ItK 11,irki-Is 

clove!r se-ed although this is of thet jpii
ini:ttid type. which is [tilt ilwlvs ioltal 1'lhiilp
son. l97i) C)tlher firms provilhf iuouil,111111 (il i',qu,.st

this ik usually o)f Australii or l)uIh. h uirigln 

.andnil ltests hav, Iween ciirriid iul Ill istiilishli it.
suitilbility for condiiolls ',I ftle I!K. As vt lir 

is nio officiail s'sti'lc1 for Illoiitcirinig thi qua,11ly (t 
nloc ila. 

Other Legumnes. While thclver hlis sini' dis,ilvcln
hlges; it r!lcUirles relatively high Jill ldIP lev ls 
in thel soil: its (rJOi,llg season is shorler ill bu1th 

(dspring andi auuinnI lhan griiss: ilt tol miimit 
dry imitter [rot i:lt;d is less than wilh griss ind 
it i., difficult ti i:ocnserve frll sihlgi lhct;ili , if its 

high water ;onlent anld for hay hIcciise its livi's 
becoen brittle oil rying. Cases of lhit whitlloiiwhe 
are grazed (li hill paistuires rich in while I tlerilrv 

and lie 
islrogenit; (;ontent has i significant effect onll v 
fertility of Voriiig 'ilick. 

h'Ihseletioi of whith c:ltover cullivairs to overconi, 
these dis.',iIanhigts could eI1"of gralt belnefil. ttlher 
papers ill this Symposiuml will deal wilh this aispitl 
in more dtlil. 

Alternative li glurnes such as Lotus ,sp. iret uiler 
investigation (Charlton, 1971, 1975), and it aplpeilars 
that some of tiht lieter varietlies bred in New Zealand 
may llave prlorini.. 

rre mid is no iniormatlion ill he IlK Ihllat thIe 
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(;rass Species. This subject will be deall with by 
lreese (1976), hut one aspe(;t is relevant to the present 
discussion, 

As described in Table 2, the grass most commonly 
sown to accompany white clover is perennial rye-
grass with smaller amounts of timothy, :couksfoot 
und possibly red fescue. Ryegrass has a high fertility 
requirement to maintain a reasonatle level of pro-

tliiit in. Pastures sown to perennial ryegrass rarely 
remain pure and other grasses are able to establish. 
For these reasons some authors (E'lliolt t id., 1974, 
Ilerriolt, 1975) hav( suggested that a grass type
which thrives in hill situations at low fertility levels 
(e.g. Ilolcs lanaals) should be elcotiraged or sown 
to i compiay while clover instet of rye!grass. While 
Ilo:lus establishes quickly, has early spring growth 
au(d pr(lmo:es almiost as much dry llitt(r us Lolii, 
little is komwn of its value to liveslock. Most reports 
ire obhservatioIal in character but they sutggest thaI 
sto:k w,'ill mIly c:onsurm, Jlohi:is w.,lwi all other 
smrl-;esolo feevedre exhilistei. Ftirtlher. little is known 
of its lpr pertlies as a companionl grass to while ;lover 
fromll the poinl of view ofcomlpetition. 

Piono"r or Nurse Crops. For shallow light soils 
it hins ell stugges d tht the growilg of a "pioner"' 
crop. such is rplef or turnips, which is grazed off 
before atemlling to establish the fiml sward, is 
of ben tit. The resunltant build up1 il lrtility 'Ind 
ill soil coul:iiu;tioli leling to rapid estidhlishniim t 
(t sown grsses mnd clover, Itogether with the value 
of the liolitl' (lol.,is reporfr (I to ou.1tweigh the, extra 

c:ost of the additional steps in the land improvement 
process in some situations. The use of kal or rape 
to "nurse" newly sown grass/ (lover swards is also 
advocated from time to time. The adlvantage claimed 
here is that some fodder is providIed for slocik while 
the pasture is becoming established. llowever, the 
extra compelition to the while clover makes the latter 
a risky process. 

Maintelnanceof Improved Pisture. There is gener
al awareness that improved pastures formed at con
siderable expense need to he eff:;€ctively managed 
by careful control of grazing and by the maintenance 
of fertility and lime status adequate to prevent rapid 
deterioration (Reith, 1973). On average 5 MT lime/ha 
2-5 years and 1.25 MT basic slag (10-1'.". P O,) 
2-4 years after the inilial application are required. 
Ilowever, many farnrs wait until signs of sward 
uleterioration are,. apparent b.fore taking action. More 
(luiantitative information is required on the amounts 
of lime and phosphale needel in different environ
mients to maintain adequate le!vels of fertility for 
white clover and the belter grasses. 

RESPONSES TO HILL PASTURE IMPROVEMENT 
Little published generalized information is avail

able on levels of utilization, production ind(Iuality 
of herhaige to be !xpev:ed from indiglenous and 
improved hill sw\irds bectuse of tlhe numerouts fac:
furs which c n influence responses, but likely levels 
are given in Table 4. The( data illustrate the l,,w 
leeIs of utilizatim of uninmproved hill v',,'tchition 

TABLE 4. Estimated levels of utilization (%), yield (kg OM/ha), and seasonal digestibi!ity range
(DDM 0/6) for the main hill vegetation types and the possible response to improvement. Data for a 

lowland permanent pasture on mineral soil are shown for comparison. (Based on Jones, 1967;
Black, 1968; Eadie and Cunningham, 1971; Grant and Milne, 1973; Eadie et al., 1976) 

,

pashill
(I./Fswl, p or 

r'Ssl,t 2 l n0 2500 72-63 an 21100 75-66 701 6 000iih 711-66 

D I-lll,l, 15 11(1(0l 51-52 20 2111 61-62 7(1 5011 711-06 

W1.1 10 I50 70-62 12 16(00 71-64 7(0 4 5001 711-66 

IIg 5 I :111i (6(6-40 7 I 4(110 ((-5(0 70 4 0((0 711-66 
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found in traditional systems, particularly by coi-
parison with lowlandt pasture, and the responses 
to inc:reased grazing pressure and to the colplete 
replacement of the indigenous vegetation. They also 
illustrate: that for short times at least the quality 
of the herbage from indigenous swards, as indicated 
by the proportiorn of digestible dry matter, can be 
relatively high. 

The only sure test of the benefits to he ohtainied 
from hill pasture improvement of lhe types descrihed 
here is to assess the amount anld quality of animal 
p~roducts and th( impact onl farm income. Soie 
examples of economically succe:ssful application of 
hill hind imnpro)ve!ment t(:hniquiws inl contrasted 
regions of the UK arelrt!i(id!(d at this Symposium 
b~y Ladie Ht aI. (l c, h) and Maxwell e't i/.(1976). 

STRATEGY OF IMPROVEMENT 

Many of the principles of hill land improvement 
as detailed hem have been known for years (Staple-
don, 1933: Young, 193ti), hut frequently the benefits 
were lost or much reduc:(,d hec:aus no clear policy 
of utilizing or nuiintaining thel improved pasture 
was availahle. Thus. before :omnnlecing iay hill 
land improvement, the farmer should consider the 
following: 

1. There must he a n d for better quality )r- i 
greater quantity oft herbage. The use to which this 
will he put within the farming systemnlust be 
defined in such aiiway that the system of grazing 
manageennt will prevent the improved sward from 
d(eteriorating ralpidly. 

2. The airounlt of financ:v available and the re
sponses requir(d to service it should , known. 

3. A survey of the soil and plant commtunity types 
pre.s(ent on each partic;ular farm unit shot] be mahed. 
Physical details of slope, aspect and ic.cessibility 
for vehicles ind for stock cI be noted ill the saille 
time. This enables the aireas with greatest potential 
for response to improvement, is indiciated evarlier 
in this paper, to be identified. 
4. "'. cinsequences of in!ensifviing nimnl pr.-

duction in hill areas(i.v. buying ;n new stock, movi., 

anim als to previously unde r-utilized areas, a .: 
higher stocking rates on smaller areas of impro v 
land) must be anticipated iand __jarded against it 
this early st age. 

5. The; economic cons;equences if the investimnl t, 
not forgetting the additional costs of looking after 
mlmi anials, e.g. provision of water, prevenlive 
veterinary medicine and iniuding the cost of main-

tenan;ce (ressings (if fertilizer should be assessttd 
at the' planning stae;. E(:onumic m~odls us.;ing 
iomputers enale many oif the possible options for 
improvement (its exlent anld scale) to he explored 
rapidly (Maxwell vt al., 1976). 

APPLICABILITY TO OTHER PARTS OF THE 
WORLD 

While Ihe soil, vegetiltion anti climatic conditions 
oi hills in the IlK are almost unique, the principles 
of pasture improvement descrihed here should he 
generally applicahle., Thus, both the slow change 
of hIrbage quality and species composition (:ause(l 
by increiased and (:ontrolled utilization and lhe rapid 
(hange in prodliction which follows reduction of 
competition, raising of soil fertility and the sowing 
ofseeds of a leginwand good quality grasses, should 

he possibh in most eynvironments. Thev precise
procedures to he adopted will vary from region to 
region, but in the main, the comlli ,caltionswhich 
arise from Ihe presence of the matt off partially 

:decayed plant residis in IUK rough grazings do 

not arise. Some hilly regions, e.g. the Alps mcd 
Sc:andinlavia., can only be grazed inl suinimr hut 
during that l)riod soil and climatic c:onditions 
already permit rj)id growth of high qudality paslure.
lill soils in much of New Z'ealmid and in Afric:, 

arc, ungla:iatet] inti ac::rdingly are (heeller cud 
richcr in bases than IK soils. Con(ditions in Australia. 
Asia antl the I,SA. which will he dhescribed in imore 
(hletil elsewhere iltthis Svlpcsiulm, ac prubilhly 
internliate betweel these c1xtrletes. 'Thus. whilh 
there is g.neral agreemtnl thct all hill land can bw, 
upgraled a it cost cud although detailed rccipi-s 

of hill land imi rovc'meit may differ hetw(en regions. 
two of ti key tenets unchlubtedly applic:alle to 11 
hill lands ar'e the !needfor a rigorous cst/bel(nefit 
analysis hefore )comnlntciniga sc:helie cud the use 
ot legumns to provide N and a nutritions diet for 
stoc:k. 
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DISCUSSION 
e 

use SOtIt N at the seeding of white clover, at least 
uhder certain :onditions. If so, would von give us 
the ratioale r this? 
Newbouid. \\e are using a starter dressing of aot 
-1)kg N, , ilthough this verits with soil typ a.nd 
tliinat.The precise ilnitont is an ,arait colroversv 

with Munro and his ctollgues in Wales who ten1d 
to use higher ratvs oif ahout 100 kgo N/hat. \Vv art 
ci ilrent lv investigating this subject. ()ur evitdence 
at the moment is that to optimize N fixation nd 

W. C. Templeton (Pennsylvania, USA). I b 

u 

clover growtl we wold do hetter without N o)rwith 
very little. t111 l small imlount is lle ('d for the 
grass since we art trying to est,llish bth grass 
arnd clover. Anl atpplication of 80 kg N /ha is ben 
shown to red:e N fi\ation bv l.over to only iibout 
20,;, oif whit it would tw without N. Thus. it is 
necessary to judlge the lIv,'l of ni trogwl very ci,.f'jlly 

to :achieve the( dual objectives of optimizing N fiva-
tion by whilte clover and obtaining, rapid ,stablish-
ment if grasses.
j. Balasko (West Virginia, USA). ILive y'ou hi en 
balto r eplasc irin hi in thS fi.ih with 

effct xe ive Rhizo i t 
e eRhizoa? 

Newbould. 'lhe short answ'er is nor. We are torf,!:Iv 
investigating ispects of this subjctt in a collaboralive
series of trials with tl! Edirihurgh School of Agrcul-

ture, the thre!e Scottish Colleges of Agriciulture, 
Munro at the Welsh Plant BreedinIg Station, and 
three of the vxp'rirrnental husbandry farms in thvn 
Agricultural Development and Advisory Servic(, of 
England and Wiales. A seris of trials with identicil 
treatme.nts wxere run ,at15 sitis in 1975 iand 7 sites 
in 1976. In 1976 we co:centrated on Ihe drier mincral 
soils, because in 1975 x'e observed significant 
agronomic responses to in(cullion oin thefdeel) 
peats, a trend to i response onl the peaty podztls, 
but little or no effect on the brown earth stoils, 
Unfortunately, drought made it a very difficult year 
for doing clover inoculation experiments. No 
agronomic responses were noted, but despie this 
we recorded big effects of inoculioon i nIOdulation 
patterns. Dr. Hlolding, microbiologist from the Edin-
burgh School of Agriculture, has used genetic 
markers on the rhizobial strains antI xve know that 
60%, of the nodules on the clover plants at two of 
the brown earth sites wvere formed by introduced 
effectiwx' Rhizobia. The highly significant microbio-
logical response to inoculation in 1976, bul not in 
1975, on tht. ineineral soils may be duetIo the increased 

number of Rhizobia on each clover seed in '1976 
(about 12 000 rather than 3 000 per Seed). I lowevir, 

it appears that we still have a long way to go to 
achieve predictable agronomic responsvs by white 
clover to inoculation on Ihe brown earth soils. 

G. Jung (Pennsylvania, USA). Ihiave tw) quest ions: 

I would like to know if you or your colhuagucs have 
looked at w..itregard cl over' growthMo h to and,1 
s md l, he you made any advances in yonr 
attempts to select for early growth of clover in tlw 
spring, which I was told about when I visited 

Scotlnllid recently? 

Newbould. We had expe:tetd that \v( would haive 

ie rvqilirement for Mo o t ll dve!p p(elt soils and 

to offset any irollis we tis(!l a trace eheinllit 
:ocktail which inc:luded ,ho in all the trials I have 

just de(scrilbd. In eiarlier work we'- conilpard Ireit
inniits With and without Mo but no0 '(eSlpontSe! wis 
obseroved. How ever, it is well ilittIvilb;tile-d in the' 
Iiltraturt that clover neds solle Mo. (f course, I 

nuinbr of Ih responses that have owen reported 
frot AustrAlia and Ne-\%- Zealalnd o.y be die to 
thel sulphur in the Mo salts. 

"fThe Work to selt, (clovers which grow early in 
thil spring is still in progress. Rvseirch oi plant 
hrvding illid selection in Britiin is cuirrently be'ing 
riltiolli'lizvtl and, a1lthotugh te projet: stilled iltHit 
S..otlish Plant tB'reding Stajtion tinder the dircclion 
of Mr. R. N. Whithlouse it my shortly be tr.ins'rrt'd 
to thel Welsh Plant BreHding Stititti. tm'n 
hutndred types of clover frot Al oilvr Ithworld 
x.'ere collected, ilnd last wvintir the 20)0 that grvw 
early at 30(0 i altitude oil a lill [riii Edinburgh
,'ere noted. A fther rction to about 211 types 
best able tot grow e!arly in the season, ild hentle 
to tolerah :old conditions, is prioptosetl hefore dho
tailed growth room comparisons cininin :e. Any 
(tstanding loxx' temperatre tolerant clove'r gvni
types will then be natchedl with strains oif Rhizohia 

xhich have been selected for low teminpritui grwtx h 
also: the latter project by Miss I). M. Vernon is i'i 
pre .'ess illIlill Farming Research O)rganization. ( )nl 
p oint briefly, we dill include Ciaucasiai white cl xer, 
7"rifoliumn ambigiim, iii this comparison. We had 
heard good reports of it from Australia hot it has 
not done A all xxell in our hill environnent. 

K. F. O'Connor (New Zealand). It sems to ime oi 
appearances that, because you can tuliivaite, ytoi 
do cultivate. I would ask, is not your cultivutitin 
creating proh.lems which you then have hido inure 
work to get out of? Things like pre-sward trealment, 
seed coating, specific timing of your sowing in 
relation to soil moisture and adverse t:onditions for 
germinaition-wuldln't they lake a big wha:k out 
of what the bank manager would like to :-ee(! you 
get? 
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Newbould. I agree with you in theory; cultivation the (;lover was sown ipto apparently bare groundis expensive and it sometimes creates the prohems but shortly after sowing we had a rain storm andyou describe btl Ithink when you see our conditions a weed grass (Holcus lanatus)came up and absolutelyyou will realize why we can't do without it in some swamped the clover. This problem might have beensituations, e.g. to control the indigenous vegetation avoided if I had cultlivated just prior to sowing.ol or brown earth soils. We would often like to O'Connor. Why not use stock to graze it lown? 
ts( piira( iti lo e to kill indigenous vegetation and sow into the dead sod. Now, that's fine if there's Newbould. Yes, \we've tried stock and they do asomething green there to absorb the chemical, blit good job in some situations, hut you still get tussocks

((Ill" i'pjhlm often is that with a late spring towards or some grasses left which then regenerate. OurIh em of May there is no green vegetation. We indigenous vegetation 
may 

on the hills only grows forhav( spray ,l late oin in the autlnin of the five or six months as compared to ten months inprviots season-we Ihen hope to get regrowth so New Zealand but when it does grow in the springwe can spray again in the spring. The only option it usually starts growing very, very rapidly and soonthai r'mains to control growth of Ihe indigenous becomes very competitive to sown clover anti grass
grasses is cultivation. On one of my clover trials seedlings. 
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Hill Land Improvement in Eastern United States
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'[he hill lalds of theieastern United States repre- (Austin, 1972). 'his region includes the Appalachiansent the largest potential forage resource area of the Mountains, valleys, and dissected plateaus, as wellniti(. If we intlude land east of a line from east as the Ozark highlands. '[his region doesn't en-Texas through Minnesota vilh little or no potential compass all of the hill lands of eastern U.S., hutfor row t:roppllJng on a commercial scale, Ihe total it is the largest c:ontiguous hill land n ,and I willapproaches 100 million Acres (t0 million ha) (USDA characterize it m1or! fully as dhescriled hy Austin
I197 11 ). (1972).

In general the soils and (:linate ire favorahlt, for Tle animi,ll irecipilation ranges from 35 inchesgood forage )roduction. ILxcef)l f r prairie iaieas, (liO) mmll)along the western edges to 60 inches (1 500largely in the midwest. the climax vegetation is am) or more ol some of the higher eastern moinforest, descrihed by 1arretI (1962) itsthe eastern tains. 'lhe frost-free season is 10 to 220 days overdecidtious forest. 11has one of the most complex much of the region, ranging from 150 days in theand variabhle aggregations of voody vegetation in northeast to 240 in somne southern valleys. Thetihe teiperahe regions offthe whorld. Ihe northern elevation of ile valley floors ranges from 300 tohalf of the urea is characlerized ),griy-hrovn forest 1(000 feet (90-300 in) all,,' the platemus and peaikssoils and the southern half by red aInd y'ellov zonal from 1 000 to 3 500 feet (300-1 100 m).Soils derivedsoils. It has a continental climiate wilh warlm smllmllers from sandstones and acid shales are extensive onilld cold wilnters (tJSl)t. 19-1 ). TheInlmore southerly mountaintille slopes amd d(lissected plateaus. Redportion has open winters ani relatively little or no yellow podzolic soils are found on limestones andSnlow cover. Rainfall is generally adequate for good more deeply vealhered shale. Tlhe steeply slopingforage production, riliginmg froin t) to i imches (760 areas, ahout half of the region, are mainly forested.to 15010 Inln). A large part of the nation's coal is mined in this
THE APPALACHIAN-OZARK REGION region.Small general farms are typical of the region withIn the center of Ihe easem'i hill land area is the some large dairy and livestock farms on more favoreast and central general f irming and forest region ahle sites. Corn, small grains, and hay are the mostais classified by the !.USDA Soil Conservation Service extensive crops. The topography of tile hill lands 
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has impeded the development of large farms. Col-

tram dned Bauini (1965), in their economic survey 
if the Appalachian region, reported that the average 

size Appalachian farm was 106 acres (43 ha), with 

much of' the cultivataie land in small isolated tracls 
Or on rough terrain that cannot he farmed efficiently 

with modlern na(:binery designed for large-scale 
ill a studyagriculture. Shtulys and Sittvrley (1957). 

of I:11 beef farms in the southeastern Ohio hill lmds, 
found that the farns ave'raged 26'9f.acres (109 ha), 

one-third in crops, one-half in pasture, and the 

in woods. In l recet study. Sitlerlerreilainder 
(1976) found thait Ihe avwerage size firl ill til 22 
iastern counties ill the Appalchian plaeau (if Ohio 

was ibout 160 acr s (65 ia). Ahout hallf of the area 

of the1ise filrlms wits ill torest. 

CONVERTING FORhESTS AND BRUSHLAND TO 
GRASSLAND 

The eastsin hill Ilads h1ie millions of acres of, 

greizd forest alnd brush that coutld be convetedt to 
orloge (SA. 1971Na). Mlly falrmeIrs have found it 

expedient to allow' their livestck to graze wiiolanls 

rat her thal to go tl the expense of fenliing4 off the 
pIsturt! areas. Converling such ireis to grassland 
Wouht iniluid rellovall an11d control lt the \woody 

species. frtilizaition, r'seeding, qIZillg in .nil(d gra 
agenent, including fenc:ing ot the lia~s best utilized 
for timehr production. 

Ahlgrii vt al. (19461i) reported that ovrl half of 
the arei ill farm wooiflands ill th I' nited States 
was grazed hy livestock. Their study if ga'Zed( 

woodlinds ill the hill lands of southwestern Wis-
consin showed that relovated and untreate( open 

1)ast tires prod uceil iv l anverig' of 3 210 lb / ire (3 5911 

kg/ha) and 1 453 lb1!tcre (1 629 kg / ha.). respectively. 

compared with 276 lb/acre (309 kg/ ha) for \oiud
land pastures, with slopes of 15 to :35";,. Not only 
was grazing (if woodland detrimental to the trees 
iand considered undesiraile forest ainiigeIllent (Den 

Ulyl et al.. 1938: Den (;vI. 1945). but also cattle lost 
substantial weight while, confined to woodlahnd pas-

tures (Den Jl and Day, 1934). 
Early pasture improvement in the United States 

consisled largely of culting brush (Brown and Slate, 

1929), a perennial task to prevent the pasture from 

reverting to woodland. If fertilized and seeded to 
vigorous forage species, brush control becam! much 
less of a problem. Although burning of pasture in 

early spring was used to kill and remove brush 
(Brown and Slate, 1929; Aldous, 1929). ;raher (1926) 
found that burning of a Kentuicky bluegrass (Poa 

pratensis L.) pasture resulted in markedly less forage 
and root produiction compared with not burning. 
Weeds came in thickly oil the burned plots, partim;-
larly the plots burned in May. 

Stuckey (1952) described the pl mt succession on 
abandoned land in Rhode Island and the pasture 

renovation needed, including brush rem\,oal, In 

reclaim the fields for pasture. The results were 
that the labor ofexcellent, hut she rcommented 

the brush by hand would be a (leerrenltremoving 
to most farmers to improve the pastures. Il an Indiana 
stuly (Stalder and Robertson, 1952), pasture inl

markedly if bulldozingprovement costs increised 
was necessary to remove larger trees and brush and 

to fill large gullies, but land value also increased 
proportionately. In an ()hioi study (Miskell 0 al., 

1968). the lse of it llrge hulldozer was the clihilpesl 

method of clearing brush and trees from hill land 

in southasltern Ohio if a ciharge for labor wis malde 

(Table I). Ilowever, is pointed oul by these re

seilrchers, if labor was reaidily availilhih with no 

alternative use, teil cost of clearing land by hand 

\hwould he the le ist expensive in oul-of-pocket costs, 
but the most lime-colsuli iig. Clea ring laind is costly 
lid will lnt piay on all types of hill land. Clearing 

should generally he done only on land thai is not 
or rocky for nmwing, spraying,too steep, rough, 

or fertilizing, and where good forile producltion 
vwould be !xpected. Certlinly, Il allternalive use 
for forest production shiuld h, considered. 

TABLE 1. Cost per acre for clearing brush and 
trees, Miskell et al., 1968 

lldIt C, p Ai. IS) 

Ci lvt ,,. 1ii7.75
 

liulsh h,,)g (1.0s
 
Sinll :rw\vihr ird.lor vith ladit 7425
 

Lg.. i iltdhz'.r (0.75 

The development of herbicides for brush and scruh 
tree control to replace or supplement tilting, gir

tdling, bulldozing, and burning has greally reduced 
the costs and irblems of eliminating woody plants. 
As early as 1929, pasture researchers ill Ihle J.S. 
were trying various materials to control hrush, using 
chemicals such ats sodtium chlorate, zinc chloride, 
and sodium arsenate (Aldous, 1929). 

As showivn Iy Martin HI al. (1954), stch herbicides 

as 2,4-1) (2,4-di:hlorophenoixyicetic: acid), 2,4,5-T 
(2,4,5-tri(chloriol)hen( xyacetIic acid), and ammate 
(ainmonium sulfamate) not only initially'conlrolled 

a wide range of the woody species, hult also reduced 
the amouint of sprouting which was a proilem with 
only cutting iff' many woodly slpecies. The use (of 

herbicides provides flexihility ill brush and tree 
control from small-scale hand spraying to power 
ground spraying and aerial spraying for large-scale 
operations. Aerial applications by planeor helicopter 
are useful where ground spraying cannot be dlone 
or can be accomplishedf only with great difficulty 
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because of the density an( size of lhe woody vegeta-
tion or roughness of the terrain. Aerial application 
requires relatively large areas to justify its use and 
is of limited value for the small farms typical of 
the easlern hill lands. 

Wentdel (1966) showed that oaks (Quercus spp.) 
and a nunher of other woody species could be 
parlially or cornpletely conlrolled by aerial applica-
tions of 2,4,5-' in a West Virginia study. Hickories 
(Cary'a spp.), pines (Pins slpp.), dogwood (Cornus 
florida L.), andi hawthorn (Crilaegus spp.) showed 
little (i,no danage from the herbi(;ides. A study 
in the Missouri ()zarks showed the value of aerial 
application of 2,4,5-T to convert low qualily oak 
slantls to grass (Crawford ani Bjugstad, 1967). Sirni-
lar results vith oak species were obtained by Elwell 
('I96i) in eastern Oklahoma with aerial applications
of 2.4-D, 2,4,5-i', and silvex [2-(2,,,5-trichlorophen-
oxy) prolionic aci(d] with larger amounts of 2,4,J) 
Ihain of 2,4,5-T or silvex required to control those 
wood.y planlis. Anderson et al. (1971) shoved that 
brush control vith herbicides was most effective 
inearly stages ofgrowth and that followv--up spraying 
vas usually necessary. As they pointed )tit,
pastulre
rsh oft l is AnixtureiVody witha of tpecius, 

a range in suscepltihiliy to lerbicides, with some 
species difficult tIocontrol (Tablle 2). 

FORAGE SPECIES IN OLD PASTURES 

The doingt speiels in t fe rEiil)t] in pKlnant(;n
plsttIre wvithi gtiot levels t fertility is Kentu(;ky
hItlefgrijss (Brovn and Slate. 1929: Cooper, 1932: 
Gusta fsonN al., 9:34:; Fuel hlian and ;raher, 1931: 
anl Burns e ;., 1970). When Ihe tilher is first 
IT1ov,4, soil ferlilily is generally favorable enough 
for Kentu(:ky hluegrass and while(clover (Trifolium 
retens L.), and the persistence of tIhese Iwo spe(:ies 
will depend on the inherent fertility of the soil. Both 
spcivs wiiil evenlually volunteer into favorable siles. 
Cooper (132) described lhe succession of plant 
associations a(:conilpanying the depletion of isture 
soils in New York, which he grouped as follows: 
(a) Kentucky hloegrass and white clovet'; (b) Ken-
tu:ky blIuegrass, bent grasses (Agrostis spp.), and 
white (;ltver; (c) hent grasses and white clover: (d) 
bullt grasses, sweet vernal grass (An IhoxanIl uni 
odoratinn L.), and white clover: (e) sweet vernal 
grass: (f) sveet vernal grass and povertygrass 
(Ian honii spicia [L.I Beaiv.); (g) povertygrass; 
and (h)herba:eous weelds, shrubs, ani r1trees. In much 
of the region on infertile sites, brootnsedge (An-
drolpOgon virginius L,.)also is found (USDA,1970), 
often as cormpanion species to povertygrass (Carlier 
0 al., I9'46). Canada htIegrass (Po;a compressa L.) 
is occasionally found til (ri,r, less fertile sites than 
where Kenlucky h uegrass is found (IlBratin, 1967). 
C(o)ler's grouping is based oil soil p1-I values, but 
soil [phosp)horus and potash levels are iilportalt also, 
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TABLE 2. Susceptibility of different species of 
woody plants in West Virginia to 2,4,5-T and 

2,4-D (Anderson et al., 1971) 

Welnlify Sproulting" Suscep Iibiity 

Ifla;kbrrv, Roulus slip. X S
 
Black hiw, Vibirnoi spi. p,
 
Ifluehrry, IIickleh rrv sp. X R
 
Ilack cherry, irmus :p. X S
 
l)ogwood, (orius sp). V
 
Cral apple, Vyrus spp. M IV)
 
Ilderberry, samimaus sp. X S
 
1l1, (limos Sl). IIR 
"lhornapleh, Crataegos spp.(;renlrr, ,Smouix spp. X HJRIHR 

I icko (ryrCry Xspp. M 

IHickory sprouts (regrowth) X R
 
Juniper, luniperu:v sp. HIIR
 
Laurel, Kaihnia sp. IHR
 
Locust, btlack, Robnia sp. X S
 
Maple. Aecer spp. HR
 

Ak. Quvrcus sli
p.  R(V)
 
Poplar, I'opl.s sp. Mto S
 
Pine, Pinus sj). R

(isagvi'range,Machira sp. SIose, wild. Rosa SI). It
 
Sum:ac. Rhs sp, S
 
Sassafras. Sassafras sp. S 
Walit,/ laIO.<@Is. S 

"Indicated splcies (levehoped mv,'regrowth or sproats.
S Susceptible. tlto-lOo;, control by one application. 
N Medium control, 50-0l0%', control by oneilapplication.
R Resistant, 25-50".. control by one application. 
I 7- Ilighly' resistant, 1)-25 %cotlrol hyoneappali(:aion aerial 

spraying not effetive. 
V = Variable results, 

with Kentucky bluegrass requiring the highest levels 
of the groups listed above. Stucley (1952) describes 
a similar plant succession for abandoned fields in 
Rhode Island. 

IMPROVING OLD PASTURE 
Lime and Fertilizer 

Early pasture research in eastern United States 
showed the need for ground agriculltural limestone 
(Iime), phosphorus, potassium, and nitrogen for good 
forage production on eastern U.S. hill land pastures 
and for maintaining the desirable higher yielding 
species. These early researchers (Barnes, 1924: Wig
gans, 1926; Brovn anl( Slate, 1929; and Dorsey, 1929) 
were guided in part by earlier British pasture fertlity 
stu(dies. Barnes (1924) noted that the first respcnse 
to appl:ications of lime and p1oi ilfertileh soultheatern 
Ohio hill !atnd pastures was a marked intmtdiate 
increase in legumes, followed by an increase in 
Kentucky bluegrass, which took four years to develop 
into an optimunm stard. Wiggans (1926), in NuA? 
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York, got excellent response to lime and 1)bi1 
Nitrogen increased the totalvarial)le response to K. 

in the sward.vegetation but decreased the clover 
Brown and Slate (1929) in Connecticut showed the 

need for P for white clover production; lime alone 
increased the c:lover only slightly; K ilone had little 

or no effect oin tilt amount of clover. K with P). 
as with P and lime, resulteId in some iln(creas( in 

clover over P alone. A cominaiition of N. 1P. in( 

K resulted in more Kentucky blu(egrass than any 
.

other fertilizer (:onhiiation. ) alon te or ill conbina-

tion with line and K narkedly reduced the, iiiiiit 
Of weeds inl the ntrdby increasing the vigor of 

the sward. Other early rvsealrch ol lion and fortilizer 

included 
studies y D(irsvy (Otd), 

o npasture ('1930), BIro)wn ( Ht)33),1. 1933h), (;Istlfsolland et ,]. 

l.(1935). Ro inson ;n(i
et al. (1934). Gard netr (t1A 

Pierre (19:3 ), Sch,llr eit A. ( 95). Sm ith et ,. 
I ,lvy s it A).

(1947). Rohinson ind (,irber (194-9). 

(1 95 0), a n d l-l nd V \ n 1953 ).
Mincrea tthe I'195ime alone d iryin g c tvK 

sl to inl W st Virii. l' 
K entucky bluegrass p aii so)ilhad Otf'(,A:alonei'C)I iss (:CM1irrd With nll) 

me nt.T th le :1 l(ju iiis()n ind l iierr . 19 m l' h e, 
a n r diei 

J P aind I lini. resultel in i further 
(iom hinilion 

r )r i 
improve n ent in c;arryin g c,ip icity ()%v 

st ldv. Sch ailthr t iU. ( 19.151 sh )w ,l
ilone. In I l! r 

c irryin g capiil;ity )f
ia iark id im ruivein'i l in the 


co mp r(l to
w ith P ind lim ebluegrass pastl- rt i and limil'The (idditi (nof K ttreatment (Tahl 4). 
mme. ,-

in(;reas!(-l min ddling N to K, I', illarr ling r.ultet l igh t i further 

increoe . a\nrould 

TABLE 3. Effect of lime and fertilizer on carrying 

capacity of Kentucky bluegrass pastures in West 

Virginia (Robinson and Pierre, 1938) 

t pe.r ctt 
Treairnflt 

Trie.men 
*.t. tr iw 

5 5None 31.0Linif! 

5.2) 

) and ime 

2.5 

TABLE 4. Effect of lime and fertilizer on carrying 
capacity of Kentucky bluegrass pasture in West 

Virginia (Schaller et al., 1945) 
Gj (] , t:4 

i , P r .(wirtdlnlilit 

4.3Now!P 

P1 2.:1 
and lime 


11, K. and lime 
 2.1 


N, 1), K, and limit 1.i 


TABLE 5. Dry matter yield response to pasture 
N.E. statesfertilization; Avg. 160 trials, 11 


(Robinson and Garber, 1949)
 
-

Ilntrv d, th/iA 1091 
* YiiltII.s,'r,,nll 

lnvIM 
:i175
:175

K :10 
754N 

oio
ihntw. R K 

n;irber i (1949) summari(l numherob.insonand 
of pasture fertilization studies from ill( northeastern 

1), 

slates ()f the I IS. (T,ahle 5). 'he use of lim e, K, 

and N alone ea(ch glav, , substantial p'ir:e:nt increase 

no treatment. The use of 
in drv mat(iter yield ()v(r ) . o r 
N gIV 1t ch rvelale in c alsleith nll li l e , 

by stinuliliin.l Ihe gIIss protluction. The largest 

ild K, w hich 
il i ' w is tomi 'ipplying lim , P. 


resultdi' in 'iniked Iothe legulles.
i ri-stinsio which 

men t ill glass p r (luc .( ll ,11an i lpillr ovein tiur ni li() 

li()n.
 

ariz/ed early piislurem hin th e3lvnilli t (1932) s 
(1) lim etwis generally

f r ilizer stulil's is f()ll)w s: 


th e first li miting fac:tor; (2) P\%is (efh:i nt in ilost
 

ble and K ws 
p stres: (3) rsponse to K ws v ri 

is : aind (4) resIil nse 
llt gellirilly s d !ficiellt 
to N wits gr,iItest in pmasttirvs that V(re largely griass 
and I lst in )aistlres thlt wurl largely clover. ;is 

test resultshe expect(,d. A sampling of soil 

from uninlrovel hill Lind pastures ill ()io is shown 

in Table 6i ilnd illustrates the riason for the varialhe 

results ias discussed by leilulliolit. The I)11 valu(!s 

TABLE 6. Soil test data from unimproved 
pastures in southeastern Ohio, (Ohio Agr. Res. 

and Dev. Center data, 1976) 

I)L.tailuhn si, 111t 1 1 (U.1 Nt 

I wo111. 

141 1 160 10li0 1hN:\EAW, :isho(im Co, 5.4 


iMl 5.2 1) 2104
tORDC, Noble Co. 

21 5.4 :li 24.1 
21 5.6 22, 2:12 

30 6.2 :tli :00 

35 5.6 20 2211 

:Ili 5.9 14 11(I 

52 4.7 ,5: 2061i 

67 4.5 15 156 

'North Appalchlan Experimeintll Witershed anlEashrii ()hio 

Resource Developinieni Center. 

do0 



vary widely, ranging from 4.5 to 6.2; the level of 
availablh P is generally low; and the available K 
level varies greatly, from 141 to 360 lb/acre (158 
to 403 kg/ha). 

ung M 4l.('1967), using permanent pastures with 
20 to 30% slope, demonstrated the feasibility of 
applying fertilizer with fixed-winged aircraft to West 
Virginia hill lands. Peters and Lowance (197,4) 
reported Ihal fertilizing bluegrass with N, 1), and 
K effectively (:ont:olled brooimsedge as did seeding 
Kentucky :11iall fescue (FsI'tstuca a'ntdinucea 
Schreb.) into a pasture infested with broomsedge 
and fertilizing with N, P. ai K. (;razing also 
ipelared to aid the elimination of hroomsedge. 

Current reseair(:h on IJ.-. forarle fertilization is 
reviewed( in tihelrect(;l forige ferilization sympo-
sinil publication (Mays, 1973). W ith the avail.:ility 
of soil tesling service by the coolwrrativ( extension 

service in mrst states, forilge fertilization should Ib 
()01on the(basis o)fsoil test linataion. In adili io, 

most of Ile soils in th I.S. have b :ll(blassified 
as to soil type.These soils ar further classified 
its to (ral yield calitbililies so thit prod :ucers have 
an estimate of potential forage yields from following 
the recomnendedl soil fertility aniiid managumenl 
practi;es, e.g. Schmidt et al.. (1976). 'the ISDA Soil 
Conservaiion ,ervice ilso has classified soils as to 
tle best land use from soil c:onservalioi standlldpoinl 
and hils jirovih(lel tarners with :ropp)ing plans to 
best utiliz( their soils, 

EFFECT OF CULTURAL PRACTICES AND 
RESEEDING 

Elr.ly studies on 1methods of impiroviog hill land 
paistures inr:ludhed r:lltril treatmnts suc:h its disking 
',l)(I harrowiig, plowing, and reseeding. ll ii Virginia 
study on iluegrass pirsture, Carrier ain(l Oakley (1914) 
found that disking or harrowing, ()rii combination 
of both, to reduce the so-called "sod-bound'' condi-
tiotn or to improve the hlysic:al c:onidition of the 
soil resulted in little or no effect ovt(\r no treatment. 
They Ilso fotnid no advantage to allertllile grilzing 
over continuous grazing of bluegrass. Light grazing 
resulted in the deterioration of the pasture and the 
enc:roac:hment of weeds, iind heaviergrazirig resulted 
inan im provel tuitrf antd fewer %v,.els.,,iggans (1926) 
found that plowing anid reseeding without fertilizing 
did not rnark(:dly imlprotve lhe pasture, inidicating 
that tertility rather than physi(:l conlitiorn Of the 
soil was the major paslurr pro)lem with unlproduc-
live we(edy pastures. A :on tioi)n of harrowing 
and reseeding gavt, similir results. 
EARLY PASTURE RENOVATION STUDIES 

Gralter (1927, 1928) relirted successfully 
lishing legumies in unproduct ive and unrplowiahle 
hlwgrass hill land pasture in Wisconsin by close 

grazing or burning, fertilizing, disking, and seeding. 
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In a later publication, Graber (1936) outlined a 
program for renovating bluegrass pastures in which 
he emphasized the need for soil testing, liming and 
fertilizing, prolper ',(il contact for the seed, and 
weakening and rtarding the grass so that the seeded 
legumes have an oppMrtunity to get established 
su(cessfully (Table 7). (;raler used alfalfa (Medicago 
sattiva L.), sweet clover (Melilotus aiim 1)esr. or M. 
officinalis L.), and red (clov(-r (Trifolion prahense 
1.) in his studies. 

TABLE 7. Steps in renovating Kentucky 
bluegrass pastures (Graber, 1936) 

1. srhl [ilhi 
2. list soil 
I. Lira,, ,iid fvrtiliz, 

old vegiIllifin
4. 1hrn) fif 


6 
i[ciotsouh
, Disk thorugh ly 
7. Sed invarly spring it) drrought tolerant lgumres 
u. Ilarrow or rml Io cover seed 

,).RIgulatv gra1zing 

Other studies(Odland eI al., 1930; Borst and Yoder, 
1943) confirmed the ieed for liming, fertilizing and 
some tillage for the establishment of the seeded 
grasses and legumes. Seeding failures were found 
to frequently result from inadequate suppression of 
the indigenous vegetation, showing the need for 
some effective method of controlling or eliminating
the vegetative competition to Ihe new seeding. Borst 
and Yoder (1943) showed that alfalfa lotild be 

successfully established tin unproductive, eroded 
hill land in southeastern Ohio, primarily vegetatcd 
with broomsedge and po\'ertygrass. Lime was ilt)
plied, followed by disking in early spring to provide 
a trash mulch from the broorslsedge vegetation as 
a protection against soil erosion. The seedbed was 
cultipacked following disking. Alfalfa-grass mix
tures were seeded into the trash mulch with P and 
K fertilizer. 

Concurrent studies in West Virginia (Smith et al., 
1944) also showed that legumes and grasses could 
be rapidly estalblished in poor hill land pastures 
by using shallow tillage (disk, spring-tooth harrow 
or field cultivator), applying lime and fertilizer, and 
reseeding, without excessivertnoff orerosion losses. 
Erosion was prevented by tearing up and destroying 
about three-quarters of the old sod and leaving a 
rouglh trashy seedbed. 

During the 1940's and 1950's several studies in 
eastern U.S. on renovation of hill land pastures were 
Conducted, confirming Graber's ('1936) concepts of 
tstab-the need to soil test, lime, fertilize, weaken the 
existing vegetation, and introduce higher yielding 
species, thereby showing a marked increase in pas
ture productivity from renovation (Ahlgren et al.. 
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1944a, 1944h: Sprague et a., '1947; Smith et A,, 

1947; Mi dghy and Varney, 1953; Stuckey, 1952; 

Burger ot al., 1954; Brown ot ,a. 1960). Ahlgren 

et J. ( 1 46a) increasel the dry naltter %ievd of 

bluegrass pastures over four tinies that of untreated 
pastures the first year ifter renovation. For the five 

yearis following renovation, the iveri;g increase in 

dry im,itter yield from rtnovittion was over twice 

that if the untreated pastures, These rsearchers 

seidted re'd (lovier idliieni,il ,\wil (ltovir inlto 

prJniominately Kentuckv blogr,iss soil. Wedin of 11. 

11967), inltr iwlli: a perenniail Irt'uine, hildsfhl 

into a;bllrgra 
111T, i the Southern (o,,i hill lands, not only in-
tre~foil {lot," iorniicitos 1,.). ~s 
ii <(,lhef't!t caurryin, calpiity clluitp,ir'd withciltflo¢ 

Uniiim)rovll bluegrass. Illit ' Iso inereastd IIll',!, 

iiil tir ilhiil lishtell 'aIuof ylir.s thit th I lI'nVtilt ed 

hif.The us io thelh IthInin, ,lso gavc iIrrying :iIpaiity 

,til1 ha ill'i' lo or th n, 1bee f gliil r ;(lol o etl'Wr 

blue-grass w ih itrwILin fI,rtiliz,r. The ailin,il 
,\'5rt0P dilyk o'linlS we're hli"I'r oin till, iref'oil-hkuw-

-
is thin oil cithlr ferlilized or uniii 

p ill ilueg'iiss. 
lis p ltlrst 

TABLE 8. Carrying capacity of renovated and 

unimproved Kentucky bluegrass pastures (Wedin 
et al., 1967) 

tr~itln [), hin Svd
(t)%%-iAlf -tvtrs 

11ritlrt, 'Trr,tnm~i,t 195hi-57 p)5m -i 

, d hhit,iss 114 254 


t1if.girws - N' 112 454 


kr. liiit l.ith )irdsfool tirifoil 141 55i 


t'nmiinrl 


h N ilizalion 

Spriague e0 ia.(1947) seeded both legurnes (r,!d 
cIlovher, alfalfa. and ladino clover, 7T.reperis L.) aind 

grilsses (orcha rdorass, Dactfisglomerata L.. smooth 
Bromios Innris Leyss.. and lirnmthv.bronmegrass, 

)'hewnm praftnse L.) into tilled sod. Ihell.i, of the 

higqheryxieldinggrissesoresultdnon ly in aiked 

inmrease in the initial dry an,tter yield of tlh!Iasture, 

bul also in continuing improvement in vielid 

iomlpared with the predomrinately fluiegriss swrard 

Used by Ahlgren f a]. (1 94ila). Btirger eltal.(1954) 
AISO used higher yielding grasses and llllmes in 

pasture renovation studies. Fall (early Septemnber) 
seedings resulted in better establishment than spring 
seedings (March). 

Sprague et ll,(1947) conchitcd that surface 

tillage was preferred to plowing because it left a 

surface mulch that prevented soil crusting from 

heavy rain, permitted more rapid imiltration of 
moisture and decreased runoff and soil erosion. With 
moderately fertile bluegrass sod, however, more 
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horsepower was required to prepare a seedhed by 

disking than by plowing. TI introduction of higher 

yielding grasses than bluegrass was another impor

tant improvement step in pasture renovation. 

Stuckey (1952) listed seven hasic principles for 

successful renovation o[ old pastures in Rhode Is

land: (1) avoid excessively iroughty soils: (2) prepare 

ilgood seedheil, destroying as inuch as possihhl (if 

the old sod or hrush; (3)iipply adlequate line; (4) 

ise P inld K jnlnudllv: (5) seed ain llitpled forage 

mixnture; (I1i illtrol intensity and duratiion of grazing: 

,ill (7) clip wooIds. 

GRAZING MANAGEMENT TO MAINTAIN 
IMPROVED PASTURES 

t ) sigglsted tlit lIn pasture piUoduc
tion ws o tlw ro!siill ovtrgrazing and thattln (if 
rrlv close5 ,It.ing it bluegrass should 1w11avoiided. 

Ii )Istlul,il t ll d(,grazing was ni(l;Issiirylh,ild 

to alliiw,\'tllti\r giiwlh of the plants tIorelh'ish 
food)l ri',,vcs il ltw shor,tov+ o isil,- if the! p~aSilre 

ia - ,
t t 


(V'li'(i1 illg i'd\no rplle iiislii liitllt soil lltlrilts
 
vig)rii i pllri t ily wero ili m l ed. Sev !re 

1)(stuc, (is lill ll'iind (;rir 1t93t8t. lhey listed 
-17 wicd slrl.ils lllli Ii i 'IliIr -, illid i'O, 

r)istlirls, 11isti rrlli,,t lii.n i n:liiiliig improvedl 

grizing inim eliint. in,irkedly rlulii.l l(ll eilI 
llialow It J. 1 t9-10) shlolwl thatp)pltiifion.w itholut judicious gr~izillg4 Ill'lh li'll'l-nll, tIlle(111rition 

gorvrii'll'l
and k'Anue ()I pwsw-lire i r ltt-ly rvl

duced. Nllodv!illti, 1r,,.iino oflrrlnov,liwd( 1thiStires re

r \%(wedss ilted in bltl r iiii l !'I'l l 'll;lll ti V!w 

thin exciessively gr;iz/ll r ,ill -dltlJi~lsturis. Stl;key 

(1952) noltll. h wivvr. lhi thd:spitf lvq iite fertli

an lld t grzing i gli liiit p aistu res;iiltil 
il!ded toliw prioicliall' rlO(l\oked n heded(tel res 

regularly it 6i- to Itt-year intervils. Llssiter ef aill. 

I195(i) showed ni advanitakge of riltmionill grazing 
over (;cljilltiuous graziig with rcdoiliniltely biluie
grass pastis. 

PASTURE RENOVATION WITH HERBICIDES
 

Seeding tlilures h'1 pasture rienovation were 

frequenlly found to resilt from inaIdequale suppres
si(n of the indigfenous vegetation. (in sites too steep, 

erosive, slony. rouigh, or otherwise uinsumilable for 

plo,'ving, niU erous diskings were often iiecessiiry 
tl ,ibdue the sod. The lose of (hi.-niic:als has aided 

greatly in(;oliiro~ling theohi vegetation and redu:inig 

or eliminating the iillage needed for hill land paslure 
renovation. 

Sprague (1952). in New Jersey, showed that chem

ical herbicides :uhlie used to nairked ly reduce 

the competition to the ilew seeding from Ih existing 

sod and to the tillage needed inseedbed preparation 
as well. Ite reporthA that TCA (sodium trifhloroace
tate) killed old, well-established, and closely-grazed 
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Kentucky bluegrass. Orchardgrass and ladino clover Washko (1962) in Pennsylvania showed that birdswere as successfully esahlished in a seedbed foot trefoil, considered a more difficult legume toprepared Iby two diskings of the chemically killed establish than alfalfa, red clover, or ladino clover,sod as in a seedbed prepared by 10-12 diskings could be successfully established in a heavy Kenor by plowing and four diskings. Virtually no blue- tucky bluegrass sod sprayed with herbicides folgrass regrowth occurred in the chemically treated lowed by disking. Herbicide applications in earlysod, but considerable bluegrass recovery was experi- spring (April and May) were more effective in superced in the pasture; that were disked (only. Ken- pression of the bluegrass than those made in midlucky bluegrass showed new rhizome growth within summer or early fall (July through September). They,i0 days of applicalion of sodium arsenite, despite reported that although the bluegrass may appear toinimehdiate and good lop kill, The thick vigorous be completely killed shortly after herbicide applicabluegrass sod used in this study required some tion, within 10 and 13 months there was a highsurface tillage in addition to thel TCA trealment for degree of HIuegrass recovery. Parsons and Davissuccessful seedling establishment anId was consid- (1964), in Ohio, also studied the use of herbicidesered more difficult to suhldue in contrast to the thin for the establishment of birdsfoot trefoil into blueweak sod on infertile soils used in earlier pasture grass pastures using Jaapon and amitrole. Withrenovation studies (Graider 1927. 192!; lorst and spring seedings, tillage was needed with spring-Yoder. 19,13). applied herbicides, bul salisfactory stands were oh-Furtherst udies in New ],ers,.y(Sqpragte ea., ~192a) tained with fall-;jppliedl herbicides without tillage.showed thA olher chemniils were effective herhi- With the virtual elimination of the bluegrass, concillis for lsture renovation. )ll a ditference in siderable encroachment of broadleaf weeds develtlernce of the seedings to th, virious miaterials oped during the growing season, predominantlywas found. This tolerailie dlenilded also on soil plantain (Plaitago lanceolata L. and P. rugeliitype, lenlierll tire, soil Imloisture, rate of ilpplicalion. Decoe.) an(d dandelion (Taraxavuum officinaleani the l'ngth of timellbtween hericide application Welher). Triplett el al. (1975) noted a similar enand seeling. TCA. amitrole (3-amino-I ,2.--Irialzole), croachment ilto herbicide-treated bluegrass. Wedincilc(dyli: icid ((di ithylu sinic ,cid). dallapon (so- et A. (1967) also reported suc(ess in establishingd it]n i c.2-tichhirop~rii ionic , idI. .II. 62-1 (sodi- hirdsfoot trefoil into bluegrass pastures.urn 2,2.3-trihhirij)r')iiiiit) Erion (2.-1 2.4,5- Fribourg (1962), in Tennessee, found that ladinotrichloroplhenoxyl -ethyl -2,2-dichhoropropionate). clover could be suc:cessfully established in denseand 2.4-1) 'enr tised ill differeinl riltes, allone, illl sod of tall fescue (Festimi arundimicea Schreb.)in c:lnibinilions. ( eneraillv these helrbicides wire utilizing dalapon as a substitute for tillage. Hleeffective for ),strtile renvition ami dlen~nstrilvd reported that the herbicide rate could be adjustedthe itiltelial of this approiach for Sulppressitn or to suppress only part of the tall fescue so that ierildicition of ohl pastiirt sod. Considering lahor sltisfactory grass-legume mixture could be obtained.

mid1( Ilqipiuill:ists of lillage. the use of severail No clover estalishment occurred in areas that wereof the herhi:ides pr'ided i paslure renovation seeded but not sprayed with herbicide nor disked.technique chealper in cost thin Oe uist, of tillag As pasture renovation techniques utilizing herbialone. There also wvas llsole f lIece Of selective cides advanced, nmre sophisticated procedures wereremoval of undesirable griass species and broadhef developed. Instedl of broadcast spraying of theweeds from pastire sod. acodyl:ic acid, for example, herbicide. Decker vt A. (1969) in Maryland sprayedappeared to he useful for removing blue,,,riss and piriqual (l-l -(liinethyl.4,4'-ipyridiiiitm- salts) in a,broadleaf weeds sele:tivelv whil le iving orchard- 15-cm band over Ihe seeded rows of "Viking" hirdsgrass. These studies also shoved that legumes could foot trefoil nd "Emerald" crowilvetch (Coronillabe successfuily dirilled direclly inti. plastul's without viaria L.) drillel into Kentucky bluegrass sod. lJolhlillage where the so(il had heeni killed by hihicitdes. legumes d&velped satisfactory stands, with thehut as Sprague Nt Al. (19t(211) :ummarizdi. the use trefoil requiring several years to develop the desiredof herbicides merely remwven Ihe :mnpeoi:ion to sland. Band spraying reduced the amount of herbi-Ihe growth of niew seedings, inld ies eeding. tertiliz- cide needed. Such a technique, by combining herbiing, liming, and pilsftre Inlnagenuenl were still cide treatment, fertilizer application, and legumeessential for successful piastuII inlprovement. seeding wilh one machine, also provided pastureSprague vt ,J. (191i21)) later reotrled ia differential renovation with one trip over the field. response of forage seedlings to the perenl of sod Taylor t a. (1969), in Kentucky, also appliedkilled by herbicides. Yiehld (if sodangrass was mark- paraqualt in bands over the seeded rows using handsedly reduced when seeded in only partially killed of 5.1 and 10.2 ";ni for establishing alfalfa and whitesod as compared with largely killed sol. clover into K:ntucky bluegrass swards. They furtherOther studies reported during this period :on- used a specially developed tillage machine that tilledfirmed ihe New Jersey research. Harrington and a narrow strip to a depth of 1.9 cm and several 
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widths (0.6, 1.9, and 5.7 cm). Paraquat banded over SOD-SEEDING EQUIPMENT 
the seeded row improved legume stands only when With the advent of limited tillage and no-tillage 
the grass stands were dense and growth was vigor- concepts in pastutre renovation, it became necessary 
ous. The use of tilled strips proved to be a successful to develop seeding equipment capable of plenetral ing 
technique for establishing the legumes. Shallow pasture sod and placing the seed in contact with 
placement of the se,,d below the soil surface was the s;oil for best estahlishment. lunt et al. (1963) 

found to lie the most consistent faitclor ctrihutlini reviewed the developmun of equipment for seeding 
to successful establishment. Poorer slands were o1)- forige crops. Band seeding wa's prohably the most 
tained in July 'Ind Septemher than with Miarclh siniiificant single developoic t in which the legume 
plantings, attributed to less favorahble soil moisture or grass sed was placed in Ihe soil ad directlv 
conditions existing in ll(]mi d late sunlmer. In il oi'', hit rot in contl with, drilled bands of 
later stimly, Taylor ot at. (1972)., tgain tusini their frtilizer. Such a lechniqtle gave hetter stands and 

Spt,'i~d ial IIlJ nri:hixt, (:nfirrnt. that ligirut notiri vigorous seedlings thain broadcast seeding. 
stauuls wirn 7ttrttvil by plt:in,- the legune sed ,,specially if the soil ferlility wsis limiting. livy 
btlow tih, , urfiwe, regrdless (f daLte ot plnting. uiv grassland drills c,pable of penetrating live or 
ttmpared v "Iseeds sown o thl sW)i surfae. Width herhicide-killed sod wire Also developed, such is 

of tll I!ll'd strip (0)6 or 5.7 tei hail no effect ,m the om ercialy de.voped machine used by Van 
stands (1o,se.'dling size. Plartpi itit,Idei (It) Keurer and Triplett (1970).t cmii) 
over the seeded row ctmisistftntlv enhm:ed stwdliti., Decker et iJ,(191i.4) studied viritics soil tipeqiirs 
development in this sludy. for penetrating the sod and plt:iing seed anl fltiblier 

Van Keuren and Triplett 197()1, ill(hito. using into tll, stil. T' alsoyshowed hIt the use lot lipss 

band spraying 1f par,tcitl (7.6 aind 15.2 cm), siu:- wvhtels iol'wing disk-type- qpeners imnpimui tstth
cessfully (irilled ihilf into fir dense untilled grass lishlent. althmgh hlot with a wing-type qpener. 
sods (orchamgrass. hronmgris., imthv ,intl rt(] d oth tlle disk, auld wing t)ienirs wrer spsltritt to 
canary rass. 'lil,1ris Irlild ,in'Ict,I,.). Spring seied- the arrit.,w ipenir fillhwing a stlaight iih mliln
ings were made with a grisslaril drill iquipped wii on cinventhial drillwi. 

-

single disks followeid hy shli-,piir. The Atlfifa The Ktritt;ky res ear;ictrs titltk ton triginal , l 
w%,as hand seeded with P ,nd K fertiliztr. They further pirtach(Smithet if.. 1967) ntlopchtid sttd-siet.ling 
reported satisfitctr v estahlishlnent of ,Iltl t1il tiil,,ge equipmenlt with lp wtm d rlati disks tt 

hirdsfoot trefoil into intillid hltmri'rss pastur with provide nairrow tilled strips which precisely jfliAd 
a corohinaition of h,nd st'tding ald hand spraving the seit( at shalltow depths nt ill direict ; Htttt 

of paraquat ami dilapon. Th, alfalfa had guel with thesoil. This wisshiwn tt Ie,,sullritr nihtiil 
estahlishiment the sediin,, yiar while flu titeil of estaliishing, frrages inti pamsture swailrds (lavlhtr 
required an adlionial year to develop a sat isfacttrv 0 J., 1969). This (disign has h,,coie ' cminlinert:iail 
stand. Seeding into the bluegrass with a stamilird produttioi a1nd is availithlh, oil the market as the 
grass (frill either into sod hroadciast-spriyed with John Deere "Ptwr-Till." Anothir cimrini;itlly 
dalapon or not sprayed gave unsitisfictory stands available heavy-duty sil-seecir ctiphle i'jwrliiiat

because of high variahility ot the leigune stand. ing pasthre sod is the Zip' seeder isel ii thi 
Myers antI Triplett (1974) oullined it 1)-step PIs- Ohio demonstrat ions (Myers 0 ad., 1974). 

ture renovation program for Ohio hill liind frmmers 
involving paraquat, no-tillage. fS(the (i itheatvy 
drill to penetrate the sod and equiliptil with press OVERSEEDING AND NATURAL RESEEDING 
wheels, and handing if the fertilizer with the seed. 
Statewide demonstrations in ()hio, using thes,! 10 The natural r,.seeding of forage grasses (orchard
steps over a wide range of soil ind cinatic condi- grass, Kentucky bluegrass, lall fescue, tiiothy. et) 
lions, resulted in 80";, of the seedings rated as and of forage legumes (white arnd ladno clover, red 

successful (Myers et al., 1974). Triplett et al.(1975) clover, sweet clover, annual Iespedezas [lesped'za 
reviewed the role of herbicides in pasture renovation, spp.], and hirdsfoot trefoil) has heien widely oiserved 
including listing the characteristits of 15 herbicides by forage researchers. Ithas also long heen i,praclice 
used inrenovation stuidies. Myers and Triplett (1974) of farmers insome areas to establish red clover ;n]i 
emphasized the need to control pastor e weeds prior alfalfa in winler grain by broadcusling seed ii late 
to renovation and listed the use of 2,4-I) as a standard winter or early spring. (;raher {11927) suct:essfully 
practice. Strand (1976) showed the value to isture established biennial sweet lover by overseediig al 
improvement of controlling hroadleaf weeds with heavy rates (30 lh/acre, 3,4kg/ha) on frozen hlrie-
2,4-D ester and the importan;e of weed cyt.lrol as grass sod in Wisconsin during March and April, 
a first step in pasture improvement, a period when alternat freezing and Ihawing if 
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the soil surface coverd the seed sufficiently for 
establishment. Felh'rnan and Graber (1938) found 
that, once established and with grazing management, 
this legume regularly reestablished itself by self-
seeding. Brown (1944), in Missouri, showedI that 

Korean- and "coinmon" annual lesJpedezas estab-
lished relatively easily into perennial grasses without 
prepara tory tillage, either by broadcast overseeding 
or by drilling. Lime and P wc re applied at or prior 
to seeding. Once established, the stands of lespedeza 
were renewed each year by natural reseeding. Flet-
cball and Brown (1959), in Missouri, reported that 
ladino clover established well in heavy stands of 
perennial grasses without tillge from spring seed-
ings when folloved by ablindairn, well -€Iistribled 
rainfall. Tilling the sod invariably helped get stands 
of ladino clover, but it was essential only when 
planting was followed by dry soil conditions. Ladiio 
c lover overseel eh!inearly spring inMissouri studies 
in till fescue pastures not fertilized with N resulted 
in 11,% legumel on at dry latter basis, an atilount 
sufficient to increase beef calf averilge (aily gain 
and beef cow (:oncel)tion rates compinred with tall 
fescue fertilized with N which had very little ladi1o 
(:lover estabhshnient, Stricker vt a. (197(i). 

In Kentucky '['emp)lvtoI(,I J . (1967) reportedi a 
significant inc:rease in the birclsfiut trefoil stand in 
a Kentucky bluegrass pasture ini:gd to permflit
natural reseeding to occulr. A stody in Ohio (Van 
Keuren, 1971) (confirnied the K;'ntu:cky r'vport arnd 
showed that the legume staiind iml)rvement was 
directly related to ilt! itnuint ,tseed in the soil. 
This study also showed thai sheep in(l cattle grazing
trefoil with iauire se!d pods :ould dis!ribute birds-
foot trefoil in the feces and thus aiid inlnatural 
spreading of this 1legun. Taylor ,vt Ji. (1972). in 
Kentucky, reported that with a dmbling of the 
standarl seeding rates, whiteh ind alflfa wereclover 
eslablished by overseeding into uIndisfturb(ld blle-
grass: sod in late winter or early,v spring prior to the. 
end of soil freezing and thawing.

Maintenance of legumle stands continues to he a 
niajor problem iii forage niiinigmelt illthe eastern 
hill lands. It appears that grealer advantage could 
he taken of the self-seeding characteristics of legunes 
to improve and extend the longevity of legune stands 
in pastures. This woul(d require forage maiagenient 
that included occasional delayed grazing for several 
rmonths to allow seedl to form. Following such a 
practice every several years might be adequate to 
build ill) the amountl of legune seed in the soil. 
The praclice of overseedling such leguies as redl 
andl ladino clover in early spring on closely grazed 
pastures, followed bygr zing management to reduce 
the sward c:onpetition to the heglenle seedlings, also 
warrats further study. 

UTILIZATION OF FORAGES IN THE HILL LANDS 
Much of the feed for beef cows and sheep in the 

eastern hill lands of the U.S. is paisture in summer 
and hay in winter. This is in contrast to the heavy 
use of silage, haylage, and grain for dairy and 
fattening cattle. In recent years, there has been an 
interest in innovative systems of utilizing forages
in winter feeding and in reducing labor requirement. 
Many beef COw-calf proJucers are former dairymen
who have switched to beef because of the lack of 
labor or other reasons or are part-time farmers with 
full- or part-time off-farm jobs. 

The use of field-stored hay as round bales and 
fall regrowth (all-season pasture system) for winter
ing beef cows has proven to be a practical method 
for areas with relatively open winters, such as in 
the hill lands of southern Ohio and Indiana, northern 
Missouri, West Virginia and Virginia (lammes,
1975; Kaiser vt al., 1966; Peterson et al., 1964; Van 
Keuren, 1970, 1972; Van Keuren and Parker, 1974).
Fill] fescue has been shown to be the best grass
for this purpose, although the other commonly grown 
forage grasses are satisfactory. Tall fescue has been 
shown to persist and yield well under the close 
grazing and occasional sod (iamage by cattle treading
that occurs during wet unfrozen periods in winter 
('rablhl
9). 

TABLE 9. Yield of tall fescue" utilized in a winter 
forage system in southern Ohio, 8-year average, 

1966-74 

T/A Crude Protein 

tily. eioe cut 	 2.3 9.4 
I. 	lri.'ruwth 2.0 10.0 
talyield. ha'vquiv. 4.3 
"133 h/A N annually in two applicalims. 

The quality of the field-stored hay and regrowth 
of tall fescue has been shown to he adequate for 
wintering pregnant beef cows (Peterson and Garri
gus. 1964: Van Keuren and Parker, 1974b). A major 
advantage of this system has been the savings ill 
labor, equip uent, and housing costs, reducing the 
labor required to about 25% of that for conventional 
di'ylot feeding of hay in winter (Van Keuren, 1972). 
A similar system has also proven practical for sheep,
with sone modific:ations (Thompson et al.. 1955: 
Parker and Van Keuren, 1970; Van Keuren and 
Parker, 1971, 1974a). With sheep, the ewes are moved 
to barn or cIrylot several weeks prior to lamtbing. 
After iaihing, the ewes and Iahmbs can be returned 
to the winter pasture again. 
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The earlier studies in the United States xilih 
field-stored hay for wintering beef cows and e,vvs 
involved using small, round, tied hales (40-60 11), 
18-28 kg) made with an Allis-Chalmers Rotohale r. 
Recently, a major development has occurred in hity 
handling involving equipment that makes large 
round hales (1000-1 500 lh; 500-700 kg, and stacks 
(1-10 ton). These have been used for handling ani 
storing hay for wintering both cattle (Van Keuren 
etl4., 1973;Snith e0t4., 1974) andsheep (Van Keuren 
and Parker. 1973: Parker and Van Kenren. 1973). 
These large bales mnd stacks allow flexibility in the 
hadling of winter feed. The haiy has been fed in 
several ways: as bales or stacks left in the field, 
stored adjacent to the pasture and fesd as needed 
by moving into the field, or fed in trylot, Feeding 
losses of small, round balecs left in th'e field hav'e 
been smill (Van Keiren t 4.. 1973). but the larger 
bales or stcks should generially be fed in limited 
qthultities. in racks. or with accssibility to the hay 
controlled by in electric wire for best utilization 
(Lechtenbrg et 4.. 1974). \V,iste with hay stacks 
fed without a rack can t, high (Reoll ot Al., 1971). 

forage improvement program in the hill lands of 
southeastern Ohio. 

In an economic study of beef cow-c:alf feeding 
systems under soul heasteri Ohio conditions, White 
(M.S. thesis, 1969) showed that an all-season forage 
system. including field-stored hay and fall-saved 
regrowtlh for wintering, lowered the total cost per 
cow for all farm sizes compare(d with the conven
tional prograim inclcding winter feeding of hay in 
drylot. Stock (M.S. thesis, 1972) showed a cost 
comparison for thnecow-calf management programs 
based on Ohio data (Table 1). Extending the grazing 
season hy the lst of fill-sav'ed pasture reduced the 
cost per cow over the convenlional program used 
hy produc:v(rs. Use of all-season grazing with field
stored bald h,y for winter reduced the cost still 
further. Thi' studies hy White and Stock were based 
on the use of nitrogen when fertilizer costs were 
less lhani they now are. The use of hlgumes to replace 
commerciaI nitroen in tie torage program should 
further red t,e foratge pr ltilction costs. 

TABLE 10. Cost comparison for three cow-calf 
These recent deveh,pmients ill hay hmdling andmanagement programs in Ohio (Stock, 1972) 
storage are having atgrat impact on winter feeding 
of beef cow herds. The' coMt iiiike. ownership of 
such equipnenit unconomlial for the )rutlt:ers of 
slnil he(rds, although customi hiring of such equip-
lent is nlow beig (lolut. 

ECONOMICS OF PASTURE RENOVATION 

Cost studies have shown that commercial beef cow 
herds usually yield low relurns. Sh;iudys and Sitter-
lev (196:3), in a sIlMI\ •uOf beef production in hill 

I 
lands of southeastern Ohio, fou nl that iaiout 15 , 
of the producers studied had atprofit above 1lcosts. 
Almost all operators had a return above cash costs 
of operation. However, averi ge return over cash costs 
was only about S519 per farm. Feed comprised 45 
to 65",;.of the total pro(lu(:tlin costs. The authors, 
us we:ll as others recently have reviewed the liierattre 
an(I have cited other studies showing low returns. 
They have summarized some of tihe faictors that 
influence returns from beef cow enterprises. Small 
herds are common. For example. in the hill lands 
of southeastern Ohio. the average size herd in a 
recent census was :lightly over l18 cows ([".S. 
Department of Cominerce. !969). Calving percent-
ages are freq uenltly low. Often, large acreages are 
required per cow to provide feed For exanple, from 
4 to 11 acres per c:ow (1.6-4.4 ha) are needed with 
unfertilized and unimproved pastures. Unpublished 
data from a current Ohio study (Van Keuren e al.) 
in the hill lands of Ohio showed 6.6 acres (2.7 ha) 
of unfertilized hill land pasture needed per cow. 
Blosser (1958), however, indicated that with top 
grade management, beef cattle could pay for a major 

.[ (Cow ,st 
EVhA)l1d Att-season 

Com,.1ion'd Pashure 6;azing 

$4700 $$11(l $31.(0 

L.,bor 3o.o 	 15.00 1I.0i 
l0.(0 1 l(1.e0l)epilltij)io.ll} 

& wdicow- :n ioo .Io
5.00 5.00" 5.00Bteding 1htrg 	 3 .08lid i nig& e qu ipm net 6 .118 4.011I 

I'ivsto*k int. It";, 1.(10 16.010 16.00 

Mis,,, littis 2.50 2.50 2.51 

$111 $91.51 $1.58 

LOOKING AHEAD 
LOI 

Currently, there isgreat interestin the interseeding 
of legumes into pastures and meadows to eliminate 
nitrogen fertilizer costs. The use of drought-tolerant 
legumes will give a better seasonal pattern of pro
duction, particularly during the occasional midsum
mer drought periods. The legumes also will improve 
overall forage quality, resulting in higher calf wean
ing weights. 

Using legumes ill the all-season grazing system 
will provide higher quality hay in the field-stored 
bales. Grass alone in the hay program is adequate 
for wintering pregn;nt beef cows and a spring-calv
ing program. With legume-grass hay available, stud
ies with fall calving were undertaken in Ohio so 
that lactating beef cows were consuming this higher 
quality feed during the winter (Parker and Van 
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Keuren, "1975). This proved to be a satisfactory Anderson, G. C., Vealch, C., Newman, J., and (;IlespieVX. 1971
priogran, andI tih calves were large enough to utilize Control of brush in pastures with aerial herbicide application.
spring pasture effectively. No winter creep-feeding West Virginia Agr. Exp. Sa. Bull. 5911.
 
of the calves was found to he necessary. An added 
 Austin, M. E. 1972. Latd resource region iit d major land resur:e
adVant age wa; found to he the improvement in areas of the United States. ULSDA-SCS Agr. I landh. 296.reproduction efficiency and the high (:;living per- Barnes,reptltlthl tonheficienc ande e high., ca7 ing 

E. E. 1924. Effect on permanent imistures of treatments 
cetage ofIlie cows (Parker et id, 1976). awihlimestone and acid phoisphatv s rntasured by the q antit'and quality of lhe vegetation prodli.atd. 1. Amer. So. Agron.

With the small round bales left in the field, onIh 16:241-251.
0t1(t (1 i (t iay was h o'vCsl . With the large hales, Barrett, J.W. evd.1962. Regional silviclturc of tihe Inited States
it is easily )0ssilh,, to get several crops because the New York: The Ronald Press Company.bales cati be easily mioved from the field or, in some Beaumont, A. B. 1932. Experiments with permanent pastures,instnices, the seco(ld crop can le made around the Massaa'husetts Agr. Exp. Sta. Bull. 21.
first irop of hales. With Igllnn .s it is alIso more Ilosser, R. If. 1,958. cononic,: of improving hill land for beefadlvantaigeotas to( make seve!ral crops of hay as is production. Ohio Agr. Exp. Sla. Res. Bull. 1122.
liing (Iont in c;urrent Ohio studiels. At one location, ltorsi, It. L., and Yoder, R. E. 1943. A trash 
 nulch method of'hree crops (f hay are being nmde. This provides rlvaiming land with alfalfa. Ohio Agr. Exp. Sta. Blimnonthly
nrie of Ihe winter feed as hay, by which the quality hull. 211:114-119. 
ci Ite pro :tvld, anld Iess ias fall regrowth, which Braton, E. Lucy. 19i7. The Monocotyledontvie Colurn;nus: The 
declines in (luility (uring the winler. Il a current Ohio Sle Uiv. Irlss. 
Virginia study (I lanines, 1975). providing ias fl14:uJ 

Brown, IB. A., ind S!ale, IV. L. 1929. The maintenan:e andimprovement of perlnat.nt pastures. Connecticut Agr. Exp.as possilde of tile winter feed for beef cows as aultUmnn Sla. Bul!. 155.
stockpileid till 'est:te is being evlteNil., Preliminiry -. 1!33it. Pasthor, investigations: Effv't of fertilizers on therIsttlts indicitte thit uinder northern Virginia condi- bhotnicll and clhano:lconpositiot of the vrgetationin permnlions, it li' I be possfible to provide mtost or all of nent pasturs. Conna:itic:ait Agr. Exp. Sta. Bull. 187.the winter feed fromn in stockpihI!d till fescute - . 19331). Pastour, invstig,ations: Effect of fertilizers on therowt 11. totl ,tlnd sedsonadl prodc:tion.Conne:lict t Agr. Exp. Sta. 11111.

'he cturrent avehptment otf herbicides is also 8. 
providiig tew naterialIs to t!se inl Isture reovaiion. Brown, B. A., Mnsetl. R. I., and King, A. V. 196o. Fertilization
It is now%' possible and renovation ol grazed. pernantt pstures. Con ne ;icutto remove griss from leImrnes Agr. Exp. Sta. Bull. 350.
with prtonlattli(le (3, 5-dichloro [N'-I, 1-dimlethyl-2- Brown, E. . 944. Inprov'e la.,matant pastures with lespdez,.

prol)yylJ I eoZamlitle). There is evidete of selecti-
 phosphate, liran,, ind sopplemettarv grazing. Missouri Agr.vitv of hi(rbicide,; tat forage grasses, otpening up the Exip Stk. Circ. -1,115.

possibility of selet:lively retnoving Sn
slegrasses from Ilo:,low, F.X.. Smith. I). V.. and (,ra be, L. F. 194(1.The durationthe swiard, laving others. Ali exillile would be af the eff~cts of rcnaovatiin in the control of wa,(ds and whiteto rtinVe Kittuclv bl negrass from an orchardgrass grubs (Plhllaaphapa sp.) in pia'rmana'nt bluegrass pastures. 1,
or tilll fe:ucte sthllld, (it' to remove tall fescue from Amer. Sot:. Agritn '(2:1,-.
(irchatir(grass. lurgr, A. XX.,Roaningen. 1".S., intd Kuhn, A. 0. 1954. lsture

The developi meit of improved seeding equipment, renovation. Marylind Agr. Ep. Sta. Bull. 449.such as lhe Kentucky strip-tillage concept, is another Burns, 1. C._ (;ross, II. I).. (;ila'rt, IV.It., larvey, R. XV., Wise, 
a ' i tlHiMt port .andspisture rC tOVilti) il vanice. M. B., Tigrnan. 1). F., anl Ili'ntlhv, 1. XV.1970. Pastures antdgrazing sys tams for thetnotnt,tits of North Carolina. North 

Carolina Agr. Exp. S(i. Bull. 4:17.
REFERENCES Carrier, L.. amid R.A. Oakley. 1914. The managemetnt of bluegrass 

pasturs. Virginia Apr. Exp. Sta. Bull. 204.A hlgr n, II. I.., Rupal, I. XV., Itahshadl. ., and (;r,m l, E. 1 9144. .Eight y 'ar's results on Ithe effettivaness of fartilizatiol anfol Caltrana, P. I., anl Butm. E. L. 19t5, An economic surveyItlnftgeelnllat ill increasing tilh prodlctioni f peritthtana l Is- the Appalachian region. IISDA-ERS Agr. Econ. Rept. No. 69.ores. j. Anr. Soc. Agron. :6:301-:115. Cooper, II. P. 1932. Relation of hydrogen ion concentration of
Ahlgri, II. L., WXall, M. L., Mucka'lhirn. R. J., anal Btrcaltw, soils to Ihe grawth of certain pasture plants. Plant Phys.I':ffa:tivetss 
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Crawford, if. S. andljugstad, A. 1. 1967. Establishinggrass rangeAgroa. :Ili: 121 - 1:11. in the southwest Missouri )zarks. I.S. Forest Service Res.
 
Mhlgria . I_.. Wall, Nt. I... Mac:kehiri, R. I.. and stnal, I. Note NC-22.
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I, vl,: [ 1 . S,11th. : M.. l' ht.iuiilt C Ili!. tst Douglas Perry (W est
un. %% Jr. 

f Virginia, USA). W hat's theimuint irt, t1It., ,ml hvrhitll iiit it tisl ii-lg l tlr is Imlixim unt ililn lillt of legum e youinlitl 71I--7hltiK1,111, k%.:hlu rl ",.,11P,w . L,,hn r .. Agronl. 1. 
can carry in large1,j~ x hales through the winter? 

Iioh. IF It I. . S. Suli, I It. Sitli. I. M. tu.I Van Keuren. 10);..
 
rum litIt. 

' 
t% ini, 1t72.
II i. i,Jlltll\X ,utiiunk,lldI spi lligl sow\\ings I1n Kvl'lill.kY stilds risullin.sb)Jlul-gr.ls. (111i' Perry. You don't get any deterioration?uI,!,t'!..i.1. 1Isodl . ,groI. 6-t1 7,:5t. Van Keuren. Therv's a little bit more deterioration'lttjlivin, I. C, I, illt k. CF i"n I Witvn.irgr. I. W. 1907. than there is with the grass alone hut not markedlyI~tisisuInt, tt hll I l htItol] tillitlI tI,itrlf.11 JistJ t ll- n o di iull s. SO.Aguln 1. 59 11"t531i J. E. W inch (Canada). You mentioned weeds andIt iti,'\[iii. I l nlI llt.. AVI t 1i, Q I9n T hi.1 1 1. veed conlrol--w e find this is one of our m ain 

u 1 \11lttt,Ti ll.itt ill~viigituri. ,.iitt XI tt citi,. 112-11.K Is problems when we're trying to introduce trefoil into1',. ol. of Ili.il hhus ill Iis.,utit riuii',tiol /lttr,. .vi-tillg,
FI"trii some of our rough land pastures. We have two types.1 f i , I:ol l itu.,s,()ill. of weeds, the perennial types are there before yout lSI)A. 941.L YvatiloiA of.tg 1ti,:ltur Clinm1ttnlnl Iif:,), even start and after you clear up that vegetationISl)A. 1970 "Sti:h.l wtils oif !li Utnited Stits. I JSl)A-Agr. you haveItes. .'r. Apt. annual and biennial weeds. My questiunIIin flht ;t;. is: What sort of a program do you suggest to farmersIIStA. 197a. Tw'o-thirls of tir land. IISDA-SCS IPrograin Aid to control the weeds prior to and after the introduc
9114. lion of trefoil? 
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Van Keuren. The major serious weeds that we 
see in our pastures are Veronia, iron weed, and 
multiflora rose, and. occasionally, quackgrass and 
Canada thistle. We have to have a rather rigorous 
program ahead , tOn,,! to attempt to eliminate these 
species. Frankl , I ,ould say that we have not been 
entirely successful inlcontrolIi ng the ma jor ones. 

I'm not working with herbicides myself hut we've 

instigated a program of 2, A-D twice annually for 
several years on the Veronia, iron weed and the 
other pasture weeds, prior to renovation, and this 
seems to give us satisfactory control and we then 
go into a reseeding program. 

R. Blaser (Virginia, USA). Concerning the renova-
tion and establishment of legu mes, 1'r,, aondmore 
more of the impression that the cow otigh! '.jdo 
all possible work in eliminating re,my wvevds by 
:lose grazing. It's they'llsurprising how many wet (Is 
eat, even thistles, so that we don't have to use 
Paraquat and costly meaus. ilrn whetherwondering 
they might not have literally been grazed into the 
ground, to a centimeter iii height, and if this would 
not have eliminated the :omrpliciations and nade 
it possible to reestatblish the legumes by throwing 
them on the soil. We maintainid white clover that 
way in Virginia for 11 years and we have it illother 
pastures where it has been ma intained for over 25 
years without reseeding. So, I was wondering 
whether the chemicals and the complicated pro-
(;esses are necessary. 

Van Keuren. I think we can go most of the way 
down the road to handling most of our weeds as 
you say. The ones that are difficult to control, such 
as Veronia, no respectable animal will eat, 

Blaser. Can we legumes established withouthaigo sPrqa?get 
having to se Paraquat? 

Van Keuren. That's a question that is up for debate: 
Do we go the route of the herbicide, as many are 
doing, or do we have a si lflplr way of doing it? 
We might cite the work at Missouri where folks 

have simply overseeded Ladino clover into tall 
fescue. They have a tall fescue year-round program 
with cows and calves. They simply broadcast Ladino 
clover several yeasi', in a row in early spring. They 
have about 12 or 14% Ladino which is enough 
apparently to effectively influence the calf weight 
aniid the cow breeding pierfornance. I think we also 
need to take advantage of the natural reseeding that 
some of the legunes do. I think folks in Kentucky 
have shown that we can do ianice joioil maintaining 
trefoil if we just imanage it so that it sets seeds 
periodically and perhaps, as Roy suggested, we can 
develop a procedure to do what occirs naturally. 
It's something wve need to explore because these 
herbicides are expensive. Is there a cheaper way 
of doing it? I would like to go that route if we 
could find something. 

14. 
Factors Affecting Pasture Establishment in Noncultivated 
Seedbeds on Hill Country in Temperate and Sub-tropical 
Australia 
F. G. Swain 
Hawkesbury Agricultural College, New South Wales, Australia 

Australia is a large continent with a land area 
of 769 million hectares which is approximately the 
size of the United States. Although Ihe contribution 
from secondary and tertiary industry to the nation's 
economy is rapidly increasing in sign if icanice, more 
than 50% of Australia's export income is still derived 
from rural (primary) industries (Fig. 1). Until the 
early 1970's animal production from grazed pastures 
was the most important ,:omponent of the agricu l-
tural industries. Since then the cropping industries 

have in(reased substatiallyin importance. Over this 
latter period industries relying on production from 
grazed pastures have experienced very difficult e(:o
nomic circumstance!s because( of a variety of factors, 
e.g. declining world markets for aninaI produ(ts 
and increasing costs for basic inputs such as fertiliz
er, seed, machinery and labor. A short-term cootrac
lion of the ind ist ries associaled with grazed paslures 
has occurred. lowever, it is apparent that in Ihe 
longer term to maintain Australia's prosperity and 

90
 



$ MILLION 

SWAIN 

6000 

5000 

VALUE 
TOTAL 

OF 
EXPORTS,, 

4000 
I 

:OTHER 

i" MI'1NG 

2000 

1000 

RURAL 

!952-3 1957-8 1962-3 
Figure 1. Value of Australian exports (1952-53 to 1972-73) (after Rural Policy in Australia). 

1967-8 1972-3 

to Iont elxan(iing world fo(d leds, lte grazingindulustries of the couintr be
l ist )nlWairnd 
(lv eloJpe l as econornically' viable noits.of (oing this is O ne wax'lthrough e(:hioi)illi imlprovemnllts
jin pirl icioin li~lui area il the e!xtesi\e tivsll putioniahl pstoral hilnIs whih(xisl Ihroiugh1-o lilhe csntill. Thsl Lns i in ltenathivehi(1i11! co iil~l. anill!! pirvidiililocilion tor glazing animal illrnli; hivariousp)roduc:tion asilara)ble mlld 

is uised inlcreaIsinfg ly for cropping. U.se 
 of mo1reelficient iand relile tiocultivaled seeded piasture(,stlllishilnentl heciiiiiUes ill su(h arais is atlasic 

pneleIquisile 
 if tllhaove jective is to be achieved,Seveil (ontrihtut( l papers Ir(n1 Australiin ilgri-
ClIltirflists to this S. nllpusillll dll witi receill
developintiils ill specific iisl)vcls of hill land ima-
provi'iun'lll tec:hniqu(ts (I ltighl!s and Roehrls-Tropi-
:Il EI'astle!ri Australia: l)owling nd Cillpbell-
TIVenpl;rilth at Al snllia i\lillsn iln d John-
ston-hditlralleall Eiasltrn Australia). The 
plilpose( of this pilplwr is to provide bcilkground andlilrsl'p(:li\', ItoIlivls spcific papers hy reviewingIhe niijor enviromillilinl, biological. nlechanical and 
eCo1111li; filclors influencing theseoll f f nolilltival-
e( sev lwid (:slahlishlent techniques for pastures
oil hill colIry in Austi-al ii as i whole. Progress
inah in developing reliale and efficient establish-
ment teclhniqei(,is of this type is tlen reviewed and 

,iall. 


DEFINITIONS 
(_dUrn (lifficulty associated with reviewing literature 

t n t o c li at d s e b dlating to noncltivated es a l s m nseedbed establishment
tchniques is Ihe confusion in terminology whichexists when referring to particular establishment
proedires. For the purposes of this paper, theestablishment techniquestwo broad categories: are divided into 

1. Sod seeding, which is defined as drilling info 
an uncultivated sod by some mechanical means withor without the prior use of a herbicide. Some authors 
use the terms "direct-dri Ili ng" or "over-drilling
this context, particularly if they wish to distinguish

in 

between sods treatel with herbicide (direct-drilling)or untreated with such compounds (over-drilling).
To simplify presentation the term so(lseeding is tsed 
to include all such techniques. 

2. Surface seeding, which is defined is the surfaceapplication of seed to uncultivated pasture areas with 
or willhout Ihe prior use of herbicides. Frequently,
the term "aerial seeding" is used in this context,
however, the more general term "surface seeding"
is used in order to be able to encompass techniques
involving the use of aircraft plus other mechanical 
means of applying seed to the surface. 
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Brief reference also wvilteImade to the reahiionshi p 
between sodseed ing and surface seediig of pastures 
and "minimal tillage" of crops. Minimal tillage is 
defined as (frilling of crops into areas which have 
received nil or a minimum amount of cultivation, 
with or without the use of herli,:ides. 

POTENTIAL FOR PASTURE ESTABLISHMENT IN 
NONCULTIVATED SEEDBEDS IN AUSTRALIA 

Advantages 


The advantages of sodsveding and surfuIe seeding 
for pasture establishment in Australia hlve been 

reviewed by Swain (IO(m. 19ti a) and Clmphell 
(1969a, 1969h and 1972). These advantiles, in iiny 
respects. are similar to those for many other countries 
throughout 'he soe hive specialA, worl. Ilowever. 
relevance ind significance to the Australian agric(ul-
tural scene. 

Almost all pastioral ireas in Australia contain 
inferior unproductive pastures in their unimnproved 
native state. Such pastures are, characteristically,
perennial grass dominant, highly season,l and low 

in quality. The lack of legumes is closely related 
to the almost universal phosphorous deficiency in 
tle soils (Jackson. It1ii1. Developnent of vidlf, 
economic grazed pastures in these situations requires 
an initial input of improved species (especially 
self-regenerating legumesi and essential nutri, its 
(particularly P). Annual ltegume.s such ais suberra-
nean clover ,ind townsvillh stvlo hive proved to he 
particularly important specii5 in this sitiitiijn. 

Most farming enterprises ire c:,id .te(l ()n an 
extensive hasis with individual owrir-ol)iralor or 
company-owned prop(,rties occupying Liirgle hold-
ings. In many situations pilsltrn improvement is best 
achieved by the establishment if improved legume 
and grass species plus superphosphate fertilizer over 
as large an area on the property s possible in the 
shortest available time . Noncultivated seedbed es
tablishment techniques are ideally suited for this 
type of development. 

Support for such ii strategy was given when poli
cies for the rural sector were reviewed in 1974 
(Anon., 1974). Extensive pastoral development was 
highlighted as one of three alternatives for the future. 
The other two choices were extensive dry land 
cropping and extensive pastoral development. 

Sodseeding and surface seeding provide exremiel, 
effective means of achi-ving more efficient ae1 
extensive development o' !he ipastoral industries. 
provided sufficient knowledge is available to ensure 
reliable plant establishment over the wide range of 
climatit and soil conditions which exist in Australia. 

The Australian agricultural environment is ex
tremely variable. It is frequently exposed to natural 
disasters such as drought, flood, bushfire, as well 
as widely varying seasonal conditions throughout 

the year. Under such circumstances, satisfactory 
pasture establishment techniques need to be avail
able which provide the farm manager with the maxi
mum flexibility to replace pastures, restore species 
balance, fill gaps in tle feed year andt/or to capitalize 
on particular climatic or market situations which 
develop it short notice. Sodseeding and surface 
seeding pasture establishment techniques have Ihe 
potentiiil to provide such flexibility. Accordingly., 

they can be extremely valuable tools for the farm 
manager in the whole farm situations. 

LIMITATIONS 
Area AtilahlJl for I)i'elopment. No precise fig

ores are available on the potential area of land in 
Australia suitableonly for sodsieding and/ui'surface 
seeding. Several ptblications contain figures il tihe 
total areai potentially cipable of supporting crops 
and improvied past ores (Daviis anid E'ls, 196i5): 
(Fitzpatrick ind Nix. 1117(): (Nix. 1975): aid (Anon.. 
197-1). These authors generally agree hat indequate 
rainfall is the key limittion to the area (oigrictllural
l)ro0u(tiil. Ac:orfilv. nearly 75; of Australia 

is arid oI,semi-arid land linsuithil)le for crops or sown 
pastures (Fig. 2). It is also generally iagred that. 
in thi arias potenli,ll% cil)ihle of supporting crops 
aord pistures, iavery large proportion of this land 
still :lwaits (evelopnent (,ipproxiimely 75 ) 
(Davies and Evls, 19i5). Tahle I simmiarizes thiv 
present situation. 

Let ts no, rellt avies and l.yles' (191i5) figtre. 

viz. that 150 million ha or 75' o)ftihtotil re, 

with sufficient rainfall for (:ro)s iand I stures still 
awaits development. to thefigure's in Tlide I Ini 
Figure 2. This includes 35 million ha 2:t';, iii the 

U Potentially Improvable Land 

Figure 2. Potentially improvable land areas in Australia. 

92
 



__ __ 

TABLE 1. Potential agricultural land in Australia 
with particular reference to nonarable land 

suitable for sodseeding and/or surface seeding 

Ih Pi:t.,Percent 
'' lfit L.land X I0" if T"till 

I 'U.Ttal air, if Aushidia 769 100 

,. Arva of arilt and sii-iriit Linid 569 74 

3. TWtl A , willh slifficitnl raillfil 


for ,crops indIitstres 2(1 26 

a. Aiv.i lm rugged for igriculturv (ill :14 
th. Aria of shh',lw. stny fir saline 
soils 
 55 2o 
. Arili siai iid for ii iiuf7 

f$grif.1fi1tI i 111if li utiii lfili tse~s 77 311

southern temperate and Mediterranean climaticzones and approximately 115 million ha (77%) in 
the northern subtropical and tropical zones. If it 
is assunifel that a maximumi (If . of the 15(I million 
ha of ulnilnprov(ed land in Australia is nonarable 
(see categories 3(a) and 3(h1). Table 1) 93 million 
ha culid onlylIe developed if noncultivated seedbed 
esailishment techniques were used. This is com-
prisud of 22 million ha in the south anml 71 million 

ha in tihe north. 

In practicl terns, 
the arei of land which could 

would fail 'uhstaintilly below the maximum area 

oif 9:1 million ha. lowever, even if it were only
possible to develop 50% of the miaxinmum (i.e., 47 
million ha), it is apparent that an extremely large 
area of nonarihe lindI remains to be developed (viz. 
6% f the l tl land aea of A tustralia). Such a 
prograim couhl only he juslified and undertaken if 
reliable, efficient and effective 1nilo:tlltivate(l 
seelbed estllishmenlt techniques were readily
available for the full spectrum of enviro(nmrlental 
situalions which wouhl be encounltered. The above
figures (d ot take into mit:tlnt that in(II:uiltivath~figures tnto that no ht e i qouesseedl~wd vs!ahlishnlent l I (!:Ihechniqlues Also) hai! an1 
impolrtant role to play in the ldev(,hilltnt of the 
77 million ha of arable land in Australia (viz. 16'%
of land area of ostralia) (Tahle 2, categtory 3 ()).
Ittnce, slodseetinq uod surfa,:i s,.ding of paslure 
species are very imlpirtanl fmil lam; faictors in the
further development :l'trit. agricultural in-
(lustries, pl-articuilarly n'nirallle land. 

nviromnental Iiological Ia'dtors. The general 
fetalures of the Atstra ian environment have been 
reviewed hy Fitzpatrick and Nix (1970), Mabolt and 
Sullivan (1970), I lubble (1970), Moore and Perry 
(1970), Frith (1970), Lovelt (1972), Bruce-Smith 
(1972), McGarity ('1972), and Lazenby and Swain 
(I1972). 

When relahted to the potential use of nonctIltivated 

SWAIN 

seedbed establishment techniques, it is clear that 
the most important limiting environmental factors 
are precipitation, temperature, soil type and charac
teristics, inter-plant competition, and pests. 

Lovett (1972) summarizes the sit uation with regard
to precipitation and temperature (Fig. 3). He indi
cates that the tropical environments ". .. while 
enjoying relatively uniform temperatures throughout
the year, stiffer a severe winter drought which 
coincides with the most favourable incident radia
tion." The Mediterranean climatic areas contrast 
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Figure 3. Examples of Australian climatic variation (after Lovett,1972). 

with this having "... considerably fewer winter 
sunshine hours . . . coupled with temperatures 
somewhat limiting to plant growth at the time when
rainfall income is al its greatest." The subtropical 
and temperate climatic regions are more uniform 
in terms of annual rainfall distribution than either 
the tropical or Mediterranean zones. However, in 
the subtropical zone ".... winter temperatures are 
limiting to the growth of tropical pasture species" 
and in the temperate regions ". . . the environmental 
limitations are mainly low temperatures in winter 
together with reduced solar radiation when rainfall 
is most effective." 
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on the ahove 	situation is the factSuperimposed 
a charac-that lack of relialility in rainfall pattern is 

teristic (ifvirtually all of Australia. 'he only excep-

lion is the sotuthwestern and southern areas of the 
zone.Mediterraie in climatic 

The majority (if soil groups ill Australia have 

equivalents ill somet, other part oi the world (Ilubble. 
19q70): however, when considering their suitability 
for noncultivateid seedhed establishent techiniques, 
the following unusual features need to be taken into 

accouint: 

1. The soils are almost tuniversally of low nutrient 
severe deficiencies ofstaituls with widespread and 

deficieieisphosphorus and nitrogen, and varying 

of several trace elements 
Surface soils are of poor physic.d condition aill,2. 

a * !rea llilssi'e Or weakly 	structured over largeviis. 
dirvingand tendwith low macroporosity. set hld o 

to surface sealing, 
3. Many ireas contain soils which airt very shal-

low. stonv, saline or skeletal having forrmed ol 
porous sandstone plateaux). Thes stoils art fre-

with very rugtti ttrrtiri wvlierquently associated 

plant establishment can only e iachieved hy surface 


secling with aircraft. 

nalive4. 	 Most soils in Australia do not conttain 

wvill produc effectivestrains of Rhizohii ni w hich 
in sown legum es 	(Vincent,.nitrogen-fixing noduls 

1965: Norris. 1906). Accordinlgly. it is essential1962. 
or surface soiil legtuies irt 	 ioiocultitdthat sotdsown 

with the corrict str,iin of effeclive Rhizobiin and 

in ia nanir which promotes effectiveestablished 
symbiosis. [n parti:ulir, ertiliz-legumt-Rhizobiumi 

ers harnful to Rhizobium ind seed gerilliniil ioll must 

be separated from sown set-d. 

a serionsly lim itingInter-plant competition is 

factor when no inciuli ill d sedbed 	 eshabblish nt l 
, 1969, 1972;techniques are used (Campbell. 19. 

1908). rThisMcW illiam and Dowling, 1970; Swain,
into existingapplies whether 	 sowings are made 

or improved pasture. Itowever, thenative vegetation 
severe where soil fertilityproblem is particularly 

usthas risen significantly after iaperiod of fertilizer 

oin sown improved pistures. Control of the existlinl 
in;echaiicalvegetation. e!.g. with herbicides or 	 y 

in almost every silu,a'lon.means, is essential 
rduc iltlh eslablish-Pests, particuliirly ants, c;in 

ient of surface sown seeds, especiilly if dryi comndi-

tions follow sowing (Caifptll, 1 0; 	Caipbell 

Swain, "1973). 
From this brief review of environmental imia-t 

tions in noncultivated seelbeds it is apparent that 

very harsh and extremely variabh conditions exist 
ain most situations throughoul Australia. Such 

situation has resulted in sodseeding and surface 

seeding pasture establishment techniques gaining 

a reputation for unreliability. It has also resulted 

ill an intensive and productive research effort aimmd 

at quantifying and improving conditions for seed 

and seedling emergence and survivalgermination 
conditions.under sodseeding and surface seeding 

more detail in Iheinext section.This is reviewed in 

Mechanical Factors. Facilities for joint research, 

extension and tvaching in agricultural epgineering 
and agricultural science (i.e. the discipline of agri

cultural mechanization) are severely lacking ill 

Australia. Tiis was highlighted at the National 

Agricultural Machinery Vorkshop hlid it the Uni
1909 (196V9 n ltiMb).versitv of New,South WVales in 

In his relort onl the discussion, as chai.man of tli 
lik\Vorkshop. S\wain 	stIMted that "there is a general 

ilgillers ild theof colllnicatllio etIwen 	 he 
te result that tilt limited 	 deagriculturalists with 

-
velopilent of nlv' agricultural miachinery ill A ostra 

nceds of bothlia is often carried out without ivthe 
acthese disciplines bein, defined and taken into 


le listed speciic -xaniples where inmprovecouint. " 
iIInt in the precisio lnd v'ersatility of miahines 

wits nleeded. Two of the five exlimplus listed related 

to sods'vding and surface seeding: 

... 11[1(,] Owld for) ll-purlImse ninimum tillige 
d tithat lhert aseqtiliplliol. Ioll1 r.icutllr. it was 

d serillus dfici,:in y in stdseding I-quilnlnl•t:
 
,tt ti tiXt 1ii1 pr,.cis
. V th( d,'V ttlI ipilt tI O 

uilis ofs(if g s(d id h-rliliz' l ll p lwtis " 

TlIv above sitition his h1imptntd tll. dvelop
suritm'. tl ma.chineryint of sodseeding ilild 


(i'signed specifically titt the sl'ci'll ieeds alnd
 
nviroinnuint. Ilwi\\'l,
linlitaltions of tlhe Aistralinii 

1.l his hellp 	 l stilittthe National Workshop in 
the risuilts 0tfresearch activity in tltist ,Ilsils 'il 


this act i\'ity will I, disitissid ini the ntxl silittn.
 

li! A tstr iiii pliduiit,E(onlomi; ati;toto s. ix

tension officer and rtse,i(rch vorkr .oiociriid with 

soidseem(iing lnd sllfilce seding 'i Const/il illv facid 
hoid, is st rissl ,il'arlier.with iadilemail. (In the lle 

there are huge tro;ts f Lind urg	intly lltquiring 
and/'r siiifictpilslure improvin li. Sidse ing 

se(lding rovih ttheil!fastest aidI oftn tlh ineisl t isi

ile establishmnent tehniqults for iwhiv. ing such 

lhe! Other haid, i;orrenl sioldsvt!dingdevelopment. ()in 
aind surfi:e seeding le;hnology is such thill the 

techniquesestablishment of pastures using Iliest is 

frequently unreliable and often i ials to vtrv cstly 

failures. '[here are inii(equiit gli ileli;nes to enaile 

to le milde betweln the followingan choicea sound 

alternal s: 
where sodseeding and1. 	 Silualions when and 

cain lie used over large proportionssurface seeding 
with ia high predictionof an individual property 


of stu;cess; or
 
2. 	 Situalions where pasture improvemlitn should 

the property, usingbe confined to aralile areas of 
cultivlted seedbed establishmentioivenltiof;l l, 
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techniques. because risks are too great to develop vertical coulter movement to accommodate ground
the nonarable areas, contour changes. This resulted, in sume cases, in 

Inl (1) the producer can anticipate a significant seeds not being buried adequately and losses occurincrease in tta property prod uction at low cost; ring from ants, birds, rodents, unsatisfactory moist)tit with h,\ar productn at low t; lure conditions for germinalion and emergence,illrwith lower produt ion per unit area from the desiccation of the emerging radice and shoot, andimproved area compared with improved areas in inadequate anchorage for seedling roots (Carter and 
Iateriatie ( Saunders, 1969). Ininlproved rable Ia nd will be 1high, as will e costs, 

other cases, seeds were buried
 
too deeply and were unable to emerge, and/or the
 

relative to (1). Increases in total properly production groove in the sod closed over before emergence took

will vary according to the area tif aralhe land avail- place. Such problems were frequently coupled with
wil a na severe competition from the existing sod in the early 

Very fev Australian studies integrating the io- devel.pment stages of the seedling.

logical, engineering anI ecolnmic aspects 
 f 1011- 2. In very rugged, stony terrain the existing ma

milltivatedl seedbed establishment techniquts have chines lacked maneuveral)ility and frequently could
 
beeii uindertaken (Swain., tImand 191~a). Ilowe vver, 
 not withstand the damage caused by such conditions. 
a start has been made. I ltchings (1967) stu]ied 	 Accordingly, one of the major advantages of the
the cost aid efficiency of various sowing stratgies. 	 sodseeder was lost because a significant proportion 
Collins i l. (I169.)reported henefit/cost reltion-	 of the huge tracts of nonarable land in Australia 
0hips in. pasture, an idm Switlstin j].(couldc est.bl96 t.I 	 not he developed with the sodseeder. HlutcheI al. (1(.1ti5), Collnian P.t ial. (1.9ti7) and Swain e.t a!l. 
(I 97)) reported on the physicia d economic (idl-	 ings (1967) provided an excellent summaiition of the 
aiort of, 5olsve(ed p~astires iii whole fatrmn systems 	 situation at that time when he stated that it was
in sihrbti':tl NSW. (:r)fts (lt1) has unertart,ken 	 both possible and desirable to( effect substantialsinilr stidies in the County of imiberland. N5\. 	 improvement in ithe efficiency of perennial pastureDowling (197ti) has rleortevon n ot'nOifli( NS.- establishment in southeastern Australia through theDoing(sr 1976)asw presI oil allreonrossic vhvill-	 use of such strategies as thetionof surface sowo past ores ili pogress in the hill M,)dsjeding and the improvementuse of herbicides andof the precision
;o tut ry oflnorthern N S .	 of sowing equip nent. lie saw the latter factor as 

RECENT DEVELOPMENTS IN PASTURE 	 a challenge to niiinufacturers of farm machinery.
ESTABLISHMENT IN NONCULTIVATED SEED Camplll (1972) reported that progress had been
BEDS IN AUSTRALIA made in oJverrcoming some of the above problems 
Sodseeding 	 by the development of attachments which madet a 

wider cut in thi: sod (Swain and Seccombe, 1969),Tlii,' Iirst Sltiily designed :otnlercial s(lseeder by' machines which gave better cover to the seed 
ill Australia w.,s based ()u the work of l3reiikvell intthe rows, andbyherhi cides(Iirh gh, 1963;Cocks.
iand Jenkins (1953). The niio:hin, was very simple 1E)65).
iindesigqn osistiogofstinirM3-pointlinkageseed Sodseeders incorporating a disc coulter assembly
aid fertilizer boxes phs tiller with it specially intendoud specifically for direct drilling were import
dlesigned shoe opener a relii- New Zealand attempt
lively wide cut (5 im) in the sward. Reliable (stial)- in particular, the problems en:ountered in the inten
lishnienlt (f large an(id mldiumi-si::ed species Wis sive farming situation described in (1) above. The 
achieved bil many fai'ires occ:ure(d wilh small-	 New Zealand machines were based 

or opener. 'T'hi' iniol ed frrn 	 inan to overcome, 

on work under
seeded species such as white ;;hover. Seed ant laken inthe lnited Kingdom (Karonka. 1973).
ferlilizer were ot selpir iled ill th row. -lowever.t up until the late 196 's,limited progress

The machinlle Ist;rilwd was the basic unit for most was made in improving and extending the range
sodseeling work iiiuh'rthken t(lring the 1950's ai d of uses for the sodseeder in Australia. Since then
i'arly 196's. Serious limitations were fotunl aid a comprehensive series of studies has commenced 
revieWe(I by Svi ill (]It6t lltid 1969.i): Campbell in both Australia and New Zealand where hoth the
(l99ia. 1969h ald I1972a );(.,rei' tInSi lr (19): biological and engineering problems of sodseediig
andi stoebrilge and Macki' (1969). have l)een studied in an integrated manner. Itl

In sumilitiary. Iilj Iolddeills were encounteted Australia, this work is being underlaken by the
ill two lrio lly differing silualitons. CSIRO, Division of Plant Indust'y in conjunction 

I. In the Imore intensive fiarlinig :;ltations, plant with the Universily of NSW (Iltitchings, private
establishnent was patchy and unreliable. This was communication). In New Zealand, similar work has
due i(iiinly to a lack of priecision in Ihe location been undertaken by the Department of Agronomy.
and plhacrennl depth of the seed and fertilizer. For Massey University (Baker, 1976).

exainpl,. few convenlional drilIls displayed sufficient In Australia, the work has resulted in the develop
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Layout of the Siroseeder and typical slot profile
I10cm 

GL 

I4cm 
A 3cm 

q,
2cm 

PROFILE 

0 

Z 

Slug Applicator 

Figure 4. Siroseeder and typical slot profile. 

mnent of 	ajprecision sodsveder cialh-d the Siros.eder. 

for intensive farming situations tlhsrriihedFig. 4. 
in (1) ahove. The (Iveloprent of the Sirose(er 

paralleled that of the five-disc or I nirov so(lseeder, 

derived 	jointlyvwith the lniversity o) NSW\. At the 
same time,.work .omrfleflce~(ona, ivot seeder whih 

was devisf-d !or lw cost &hvclolprntt (if noun-

ruggd terriin situationsproved, 	rough. er((fed aini 

descr'ibed in 1')above (llotchings vI J., 1972i aid 

1972h) 	 and (Anon., 1976). Plants 1r,1 sown in i 

micro-seedcbtd in individual divot, removttl from 

the existing stil on ;a46 cm grid. 

The objectives, of the re(ent smls(s r wk re-

ferred to aho,, havo 
(1974). The essenti,l 
seeder are dIescribed 
Figs. 4 and 5. 

Each individual 

heiei smmriztl by Sweeting 

featores of the five:-tIisc so l-

below intI aren illustrited in 

seeir 	 has five disc;s. Twin 
the other, open the sodopposerd discs, one behind 

itller direction and atthrowing a 10-cm slice in 

the same time inverting it on the adjacent sward. 

The rear assembly comprises three dis:s set one 

is angled in the oppositebehind the other. The first 
nArtis for f:rtilizerdirection to the twoi following 

a furrow for theplacement. The second disc; cuts 

seed and the third is the coverer. All three disc:s 

00 

GL 

Zero pressure
 coulter 
rubber 	 tyred
depth wheel 

elthus work in clean ground and the rear press 

c(ifl)resses the ground. 

The opltio )ricili e s inlcorpol'aed inl hoth tih 

soulseeder representSiroseeder and the five-disc 

illo(lific,itions mid refirements if tlhlprinciples in
by:corporahld in the so Iseed, openers desr:riled 

Swain ('1961) aid Decker el. (1964).J, 


The work u1rlken by Baker (1117i) in New 

Zealarl set tot to answr the! following questions. 

Wha't soil physical con'litions hest suil seeds sown 

into lintillril w.vlh(ls? \Whit nnrechanical designs 

of see!d drill (mulhers and irmiillary equiil nelt hest 

fulfil these demnris? 
It is not within the scope f Ithis p~pl!r toi report 

Baker's work: however, brief reference isin (letuil 
mTade to his mainfirhdings herarse 4f their r'eheilre 

and cmprnlrrineltrity to present-dla. Australian work 

with srdseediers. 
In his Phl) thesis, Baker repirts nh the successful 

development of experinrental equipment ti permit 

, close study of the biological and physical (Ine

chanical) factors influencing the arly establishmenl 

of seed sodseedtli into sprayel pasthures. This equip-

Ibest of the writer's knowledge,ment is unique, fi the 
and provides an extremely effective rieans of' mtider

taking detailed and precise studies ti answer the 
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Figure b. Sequence of operation of five disc sodseede, (after 
Sweeting, 1974). T op to bottom: opposed overlapping : irrows 
opened by front discs; furrow for fertilizer opened by leading 
disc in three disc rear assembly; fertilizer covered by center 
disc which also opens furrow for seed placement; rear disc 
covers seed; and finally, presswheel firms seed. 

tw( (tmestioIi)spos((l ifof by llfkc'r. 
IIk!r Also oullines ifsrivs of experiments ilimed 

il (felermilting tO inijo)rtini:e of variolis factors 
lris(ot in the envir(onmlnt within or immldiately
aolja:nt to the groove pr(ltfiod Ifv so(lsi,(er mil-
chinery. In Mlditioii, Ile ril()orts on th (h:v'dil)me(int 
of at rali(:ally different (:lisel sods(Ifhr. ImtproV1-
Itlells were I or(fe(i for seedling emrinoll(;i ,!(1
iituiatililul fo(:li req(lireroents when using slilh a 
(IiII (tmpi'isolo with hoeI)(il trijleh-fise iioltifihs. 

li, :,ni Austrliani ,iid Nw /e,ilAin(l ris(,or:h oil 
1h (ifivlopinin If solfIsi'lfers which are riore 
ift(i.t\vi (ver a widehr range of conditions is still 
in a lrillmi ,lry stag(. I low -ver, it is ij)Jaill' t thll 
rell progrless his h(n mide, where O)artoiilarlVth of iltseed id if the site (e.g., cover) to provide 
efforls of th( a'griitlturllisIs 'Ind the miiteel's la'v, 
httn ciinmbined. 'ht(!litle is now ilost opl[l)ortumn 
)rs;lit(, (;l(ioiraive work fietwi(n Alstrliiiand 

New ',,ilanl workers. For examii'-. the chumIC-
teristi(os inni effectiv'n(ss of the n e(eloped~l\\y 
AiustrAlim sodsidemrs, stucI as the Siroseehler, the 
five-dis: solIsedm and Ihe l)iv',l see',e (:tiuhl bie 
moo0t1:learly (hefineil i/they were sltuldiel using Ihe 
new expwrimental equipm ent develold by Baker 
in Ne%, Zealknd a ml referreil to iho\e. It is also 
mll'rmint that Ite new sodsmedhrs ha\( potential its 
mnu1lti-I)Urptist! units, tus(eful for both the establish-
unwnt of plisil'res anti in the minilinun illage estah-

lishment of crops (Hutchings, 1974; Hutchings and 
Hicks, 1975; and Anon., 1976.) 

SURFACE SEEDING 

'rhe history (up to the late 1960's) and fate of 
surface seeding as a means of pasthre estallishment 
in Australia, has been extensively reviewed and 
summarize(I by Newman (1966): McDonald (1968):Swain (1968and 1969a); Campbell (1969b and 1972a) 

mM illiam (1969}. 

McWilliam (1969) provided a concise statement 

of the situation at that time, when he indicated that 
"there is no dotul)t that aerial (surface seeding) is 
a valuahle new tool in the hands of the agricul
turalists, and one that is well suited to the type 
of extensive pasture dhevelol)ment that is needed in 
many parts of Australia. Despite 'he numerous 
technical and economic problems that are curtailing
its more wi(despreal appli(:atiiin at theilpresent time, 
there is e(very indication that it has an important 

fir;going statement was made at the first 
Nalional Agricultural Machinery Workshop held in 
AustailaIia. 'lh( workshop marked a turnilg point 
iii the dfevelo)ment of sulrfa ce seeding is a pasture 
estal]ishnmn t tichnique in Australia. There was 
general rec(ognition that the hit-or-miss" attitude 
to sll'fa(:(! seediig ( Idno long(r 'be juslified, 
pwart icolarly oe(:ausethe (lifficultof in(r(asingly 
(conomi (ciriImstillCesbeing encotlered by rural 
produ(;ers. Major prohlem iarias issociatei with the 
unriliability of'the tchni(ue! were id(entified at this 
workshop and relate(d confen(:es h(eld at the same 
tinie and rese.ar:h in the 1970's has ibeen directed 
at overt(inoing th(se limitations. 

The major pri)hlems were classified into biological 
aInd technologi:al (:ateories. liological problems 
included: 

I. The definition (f facors limiting successful 
establishmnt of iaslures from the air: 

2. a means of controlling competing vegetation; 
3.an undthrstanding of the optimal time for sow

ing: 
4. de!rl-lination of' thell most (esiral)e treatment 

the best conditions for establishment: 
5. breeling indsiee:tion of species adapte(I to 

surface! seeding: and 
i. (:ontrol of pests removing seed prior to germi

nation. 

The major technologic:al lirtlelms listed were 
I. A need for more effective anti accurate place

ient of fertilizer and seed from aircraft (e.g., granu
lated fetilizers, peleted seed aid improved delivery 
equipment): and 

2. recognition, development and communication 
of the special skills required by aircraft operators 
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to overcome the problems and variabhles encountered 

in various environments when undertaking surface 

seeding operations. 

Since" 1970, considerahble progress has been made 
in overcoming many of the problems listed above, 
particularly those in the biological category. The 
current recession in the rural industries has been 
particularly severe in the aerial agriculture sector 
and has precluded any major effort in the techno-
logical area. The lack of agricultural mechanization 
research facilities in Australia. referred to earlier. 
has also contributed to this .Iter sitution. 

McWilliam and Dowlin, 1970), M(Willialni vi A. 
(1970) and Dowling et al. (1971) have coitrihuted 
significantly to our knowledge on the biological 
problems (1), (2) and (3) listed abokve1 throughl their 

work in the Hlaoralory and th( field. This showed 

that the water relations of the miicro-en\vironmnt 

surrounding the seed are of iajor imli[)tII'tdnc( a ( 

that plant species vary sionliticantly in their reactioln 

to)such c(onditi)ns, 

Campbell (1972b) ani Ca mlbell mrd Swain l973,1 
uij()r study tf tlhe bioloical

and 1973h) reported (n ia 
4 ). Th e overa ll Ob jectivepr()b ldr s listed ill 1 I t ( 

mnwa s to (efin ethe f aicto r s r espu n s ib le fo r l()s s is d( lri 
tiermination, ratdic:h entry, esta)lishment and sur-

vival of surfice-sown Idstlfte s"-p c s. A " l ce-

sheet" approach slt vin g indivitlull sieids was 

d(loptel its ia mians ot rating the ict(r., r(,ponsillille 

for losses in )rd(er if importan(e. Principhs involved 

in radicle entry were defined is ia prellud tii related 

field trials by glasshouse experiments. Th, selaratmc 
-and combined effects of strength. tilth and itc(' 

neity of the soil surfalce (in the ralicle (elryOf four 

p astu re sp ec ies w (,re stu dlie '.'I he stld i s r ev e ll(,d 
rl ice lelped

that m arked h tero(g neity (in the soil s 
offset the effetct if soil str( nolhmid perlnitte rtipid 

radicle entry. Smooth uniform soil surfies cIlilse(l 
slower radicle entry, partic;ulIrly if soil strength wis 

high and thus the radicles suffered from ;I longer 

period of exposure to desiccation. The radicle entry 

abilitv of the four species dec:lined in the oird(!r: 

perennial rvegrass < phalaris < lucerne indl sulter-

ranean clover. 
dih. q( antitil-studies provided d(letRelated field 

tive info rm ation on the "balance sheet" of the fate 

of surface-sown seeds. Major losses during estahlish-
men! were due to il t theft oif seed: pltor germinlation; 
desiccation of the radicle tip: :ompctitio)n from 

weeds; and moisture stress. Dead p)ilnt cover on 

the soil surface and winter sowing reducell losses. 
moisture stressHowever, the adverse effects of severe 

on the survival of voung plants frequently" overrode~ 
all other factors. 

The next phase in the development of reliable 
and efficient surface seeding techniques for pastures 

in Australia is to translate and relate the various 

L 

~ 
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principles, which have been enunciated in recent 

years, to the various regional environments which 

exist throughout Australia. The two papers contrih 

uted to this Symposium hy Campbell and Dowling 
provide an excellent demonstration of this latter type 
of approach. An essential followup to such work 

will be the (close collaboration of research agrono
mists alnd farmil manialilent personnllel wvit the 
extension worker anil tl( prodt,:r "i hei task will 
hi to interpret the findings for tei individual farm 
situation. Guid,.Iinles on the factors which must he 
accounted fil hefore surfac, seeding techniques are 
used must be charly laid (own for individual prop

beertv situations. The hlvel oIf risk involved must 

quantified Ind relatd to possible alternatives (if any 

exist). 
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DISCUSSION 
1. Washko (Pennsylvania, USA). One of the factors 

that we have alluded to is that this is an expensive 
process 11o lIa tter which way you go aboult it becaLISe 
of sem:d costs, fertilizers, etc. One of the things that 
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prospective users of reseeding techniques art.r in-

terested in is how long their legume stand will last. 
able to keep some of these[low long have you been 

legumes in after you have renovated? We've got to 

think not in terms of the initiail cost but the amortiza-

tion over a ptriod of 
period 

with vou: this is certainly a verySwain. I agree 
iniporimat issue. I think my comments would he 

a little difierilt as filr is sod-seeding is conc!(ernet:'d, 
like lilthaeria!- or sti-comliaretl to aerial-sowving. 

umani'intin tihe corrvctface-sfeding first: given thI 
fertilizer aippliiations. partictilarly th phosplite 
Mnd nilvhdentl m, then with islonlllmAh' aagement'l'f 
it is usua'lly possihle t) ftoittijo th hlunes for 
man1111y yea's. stbtir toclover part icultlrl., hut 
even ailflIf as will. Ih, biggest pitdihlins occur 
when thlte'. I elititixa i he f(Irtiizitiaon progra. 
partictil,irly for phsphitti: rhon ti hiilgt1ns quikl, 
disalpper trut hi p .stre!he iter pro()hilm tht! 

t:an ":t:ur is li"ure, lotss du(. !to (im i the rtiii 
serious droghlhts. Forl erpllp, tlld , t hi t'st)- vI, 

had a whole series ()i 1 iugihtd th:(illIl'uo tht, 

tot ,'111 1 ill i to t i,- wi I, i-(t g r t s.'-OW t 

Ill, -elg r,lly . tilt . h, . vil t,lhiviii it 
with ,1ril--'ii:c . jirtli tlth - riro[iirt aria. 

ri(so lv e ii i. i. i r tii., liare t i . lii, D ir 
lishunt'tt. t I t1ink l)ri K I t< iruminit11rt-, rtili 

(in th, s iirriipri.l s iirti, .As ! , i-itu , 
iretqu ntlv the, wf'lir i- r ih+bh ' tic lit'iit 1,il 

logtlll s: ii et vhi' ii , ,tiih1t11 ltlf'-tt v,, 
st(:i: ssfill it tails to tivi s vi ltllls I , %(Ill i 

thi( syst(! s,( o h I"' ill, i l ittrilitv (t 
the graiss intl il. tht, od, scf, f-ieie iwiooso Thus h 

sien inre as a shi rt-ti'm l i 'idoto(ol tha4t ' t.() , 

to ristitr thl, b n,i+v ,thti with i li-tgoite fir ai 
grss (gen1rlly ,nit,1s). One' hIiptes that with teie 
dev(eopimlent (d pre(.isiton irphirn, tt. scth as hus+t 

in this paper, .'m (yoiltn get t pfret ilial sp.) iis In 
there ,inl keetp then there. But longeqvity is , I)ig'r 
problem i th earar(:,s where wev if, Ion, lk-l' to 
sod-seel thlil in thi stir it e-s -ling itreits. 

T. Taylor (Kentucky, USA). My coiment is inure 
on the seed int,lhit vi dil thre and pf-ging dowl 
the seed. Covering the see.d. iis intlic:ll eirlirr, 

Will result in iarger plants (earlier. Now. w, have 

alfalfa and white. ;loh r. We ptt the sil tin ttpt 

of the groundl and we cut it into the gritn inil 

we get larger plants and morm plants lpr I(tO-sie! 

planting. I think this covering loies help aind train-

pling the seed will help-thiat will cover lt sied, 

Swain. Yes, I would agree and I know that Peter 

Dowling will want to comment oil this in till paper 

that he gives. Provided that this cover is not compet

itive it can be a very valuahle asset. There are some 

reasonahly complex interactions betweevn the cover 

and the soil surface and( the moistulre/ temperat tre 
relationships. We see controlled use tf :over as one 

directly inllrove tll reliabilityof the ways we can 
ei alh, toluseof sturface-seeding. WVevould like to 

stock for trampling in pastures iand we have shown 

the merit of that in situations where st(o:king rates 

are relahti'ely high. 

G. lung (Pennsylvania, USA). I read in a )aper 
published in Australia that ryegrass his i tolerance 
to moisture stress untler conlitions of estahlishmeunt 
that ptit it in iaclass all hy itself. Other grasses ,and 
legumnes that wvre plac:ed under a. moisture stress 
cilsed stand failures Is the mlloisture stress was 
in,rtiased indllt a point in which there was almost 
total failure oif these other speties, ryegrass wts 

giving a stnd(ot 6t".. This then would suggest 

that tinder sod-seedfing conditions, our chances for 

stl:t|ss with ryetgriss would, tnder man\, of ur 
o.ud itiolns in tilt IU.S.. he fill, ietter than they would 

hr wilh som e ither spt(:ies. 
Swain. Yis. I think you're referring to the work thiat 
M-ilt:olm Clnmiltll ind I ill l h( University of 
New Enganil. mit iertriinly in gree!nhiuse condi

titi:ns thtt we' wtirket in we were aible to demonstrate 
just whit , it saiid. As fr ias e,irly estalilishment 
in th, field c: d. thet same t, Witsv,as ;e response 

l-that , mliapltility to surfacerv,,gr,iss his an1 
seding. 'Inl I grllss so l-sLietlitg is well, that would 
tend t ittt it inI anothir cate-gory. It c:ertainly, as 

far its r.ilihlh vrletry. is h tar the lsl lilllot- it 

just phltis tht rmii:li strtight in. We founl that 
stoine ii he othwr spleties (:,Itld pterfoirn more like 
rV!griiss if we toojk full vItag( of thle cover 

situation rlentitinud ini the ['tfi,\'mus question. But 

rvegriiss still slo(d it. The overriding Iirolehn is 

thit freqtfiit',y th, survivil of spit:ies, o(t;e! yoti've 
got ii si(:(( ;;sful mst;i llishmlent will hIe tt! major 

factur. If y( get bit with a big drouglht, say in the 

second yiir, r solne very olverse Iilllilgement 

condit ions assmo)iiltil wilh dry wilther', the ry(:grss 

is no heller alih to handle than Ihe:. other species 

we w(ere working with. Bittllawthearly stlahlishment 
phase, plarliculirly us far its surfacv-s:eting is (con

t:dern.l, there iplpear to be rel benefits with ryugrass 

for future breeding and selection work to develop 

more reliable species for sod-seeding and surface

seeding. 
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limost tropic(al (;ountries the lowlands are inten-
sively culilvated, but much of Ihe hill land is corn-
pliralively lindevelopel. 
This is largely true even in densely pop ulated 

areas like southern China where, despite somie spe;-
tacuilar terracing for (cropping and exlensive refores-
tation programs, there are still large areas of :noun-
tainous country which are relatively tunprodulctive.

If these lands are to be more fully utilized, there 
would appear to be two main alternatives-forestry 
or grazingf. lhe relative merils of eaich will dliffer 
from one country to anlother but as p)pulation 
)r.-sures increase the utilization of hill lainls for

grlzing will becomel increasingly importiant.
Animal productionifroin ntilur'il' i)stures in Ith 

tropics ,enerallly is much low%..r than1 would hw 
'Xlp(:ted ilhmperalte zonles (ofsimilar rainfall. This 

is niainly dlli to th, poo quality of trolpical grasses. 
conpii ,-l with tenper,i( gra,sses, which p'evnts
iluilals from fully utilizing the verN large (jtiantilies
of dry matter pru lo:d. This is ,agg''aited bv a 
generll lack (If n i,vpiastowI-iimes. 

In Ilhpast 1 v'eiii' (i so nmilnv iIlrIdl'()ve tropical 
plstlie! grasses alnd legIiiies hve Ibcome avilablv 
andi(prlt:live I stu res cin ulow he0 staldished 
prIlitially anywhere htwein lit ituides :to(' N. and:t0" S. whirr, ralinfall is of th, order of 7I miml or 
nnlre aid isfairly ,Ill dis rilitecl ,ani(Ior reliatble, 
LIMITATIONS OF SLOPELIMAT IS gi SLOE oACHIEVINGMimy tr(opicidl ,riisses forni ot)n ,..\%ir;.ds, with bare; 
groun(l exposed fI:lwee tufts even in areans of high
rainfall. Consequentlly tle dlligel il vrosion (n steep
slopes is great, espe(ially if overgrazed. 

lProhlIly because (If this. a rvpilrt to the govern-
merits (If Mlalaivsia anil the State (If J(Ih(Ir (Ithinting
''chnicial Servic:es Ltd. recuin ndeolvt al.. 1971), m 

thalt grlsses ie o(mfimed to slopers of 0-12. This 
slopv classification also iiclioed crops which are 
loriilly (cln ;iillivatel, such Is bananas. sulgar 
mcili, pineapples and coffee . Tl'ree crops frequeintly 
grown with i grouil cover crol, such isoil palm,
(:oo:i(iit, ruhli.r mi lta, were reco:(uIlfl(!ndel for 
slopes ui to 20", and forest uinder controlled ex-
philation to 25'. These recommendations limit piis-
tur developlvinl to Ih,. lower slopes, hit Ithese areas 
can Inw profitably use(l foirmore agrictillure or horti-
:ulture, and this paper is mainly concerned with 

the dolhpi:ljnl of pastures oi hlind which is classi-
fied in the above rel)ort as rolling t(o steep (6-25' 

slope). The Johor Tengah Region of Malaysia has 
a total area of 131 396 ha, of which 43 212 ha 
is classified as rolling (6-120), 14 015 ha as hilly
(12-200) and 19 512 ha as steep (20-250). Thus,
if the hilly and steep lands could be safely leveloped,
the area available for animal )roduction in this region
would be almost douhled. 

Properly managed tropical grass-legume pastures 
are less subject to erosion than native grasslands
h;ause the hare patches between the. tufts of grass 
c:an he filled in with legumes. Conse(luently a corl
plete ground cover cian he maintained, provided the 
pasture is ahequpat(ely fertilized and not overgrazed.
It is considered that tunder these conditions slopes
of the order of 20' to 25' may safely be developed
for grazing if reasonalh l)r. cautions are taken to 
minimize erosion during tht establishment phase.

Ini northern Ne., South Wles ,aandolnd banana 
ltanlations on sl)pvs of up to 350 have been success

fully sown to tropi,:al giiss-lhgimne mixtures (C. R. 
Roberts, unpubllished. folging by the degree, of 
siltation in dams at fthe foot of thwse slopes, ersion 
is now negligible and c;rtaiinly far less than it was 
tinder the previous (o(Iver of wveds, naturalized 
grasses aind sc;atter(d shrubs,. udging by the im
provement in soil color and teixtlre since the pastureswvre established there has been atnet gain in fertility 
andlminimal loss of soil by eroIsion, 

A NEW ECOLOGICAL BALANCE 
lBefor !mbirking oin any program of pasture le

vvlopment it should be clearly understood that sorme 
change in the environment w,'ill have to he made 
if the intr(o(luce Il pasture species are to form a stable 
anl prodtlive association. 

It is not sUtiffiCient simply to sow seed (If improved 
pasture species iind exlpe(t tol oltaili higher prodtc
lion. It must he rihewred th'it tllexisting species 
are there cause theyire wellhadapted to the existing 
environnient and itis unlikedy hil introduced spe
cies will le able to :ompete against the indigenous
vegetalion, fparticularly when they are! subjected to 
(preferential) hefoliiatioin by grazing animals, unless 
the environntvil can I) altered insome way to give
the intro(Iduce( plants a competitive adlvanlage.

Simply removing the existing vegetation by clear
ing or plowing will often he sufficient to enable 
the new species to becone established, but they will 
seloom be productive and persistent unless soil 

101
 



LEGUME BASED PASTURES ON TROPICAL HILL LANDS
 

fertility can he improved. This is particularly true 
of hill soils which are usually of lower fertility than 
alluvial soils derived from the same parent inaherials. 

Nitrogen and phosphorus are commonly deficient 
on hill soils, especially when these lands have been 
p)reviously cultivate(l. Pure grass pastures must he 
sutplietd with both N and P. bt tilleffectively 
notdulated pasture legumie is t:apadle of fixing appre-
ciale quantities of N, proviueif it is well supplied 
with P and all other essential nutrients from the 
soil or fertilizer. N aitition.s can be detrintal to 
legunes and should unly e used in special circuml-
stlnces (Jones, 1970). 

There is thus a choice bhtweinl grass-legumle pits-
tures fertilized with 1). or port, grass pastures ferlil-
ized with N and P-plus othtr elorints isrequired, 
The grass + legune systm will [ltruuluti:i animal 
products att lower cost than grass N. Fr example, 
iii Malaysia it wis estimatitf in 1975 that thN cost 
of fertilizer per kg. of dry natter froi Nipier grass 
(P'nnisun purptrvtn) pastures fertilized with N 
was from twot to four times highetr thin Ili(-rtilizutthe 
cost of pro(ducing udrv mnatter ot at least tttl. and 
usually better, fetling value from mi\ed pastures 
of Guinea grass (tallicu:n tmaximn) ontl st'lo 
(Stylosanthes guya'insis) (Roberts. 1975). Libir 
tosts would also be higher onl tilt, intuskiv pure 

grass system. On the other hind. nriss-hegumi Where clearing is lonie with hulldoers. the soilmix-
tures are essentially an extensiv' svstum. requiring 
approximately twice as much arna pil aim,11 (ts 
heavily fertilized grass pastutres (loes. 1974a). Vi-
cente-Chandler t ii.(19741 also quoted carrying 
capacities for grass pasturs abtut twice itshigh 
ats I have suggested fhr hegum-bastd pastut 's. 

Grass-legume pastures are therefore to be prefirn'i 
in all cases wheri availability of land is nitt i limiting 
factor, as they offer ,;e best possibility of pridlmiing 
much needed animal proteiii :, tropical countries 
at a price which the 
tropical countries the 
hill land which could 
quite large. 

There are. however, 

pi plP can afford. In nmst 
total area of untlrr-oltilizPul 
be used for this purpose is 

some situitions where lind 
is at a prernium and tmarket exists for high priceid 
animal products. for example in Ilong Kmg. vhere 
the intensive, high cost. grass -t- N system is e.o-
nomically justified. There is also a good citse for 
incorporating areas of pun! grass pasture into a 
grazing systtm based mainly on grass-legume mix-
tures for managemetnt purposes, as will he discussed 
later. 

SEED BED PREPARATION 

No Soil Disturbance 
Dense rainforest can be cleared by tradilioral 

slash-and-bnrn techniques and Iropi cal grass-legume 
mixtures successfully estabished by sowing into the 
ash. Unhurnt limber should be slacked against 

stumps for later hurning, otherwise cattle may Ihe 
trapped mong fallen trees and mustering will be 
difficult. 

On lightly wooded or previously cleared slopes 
it is somelinmes possilble to establish grasses and 
legumes without cultivation. Burning and sowing 
into the ash as soon as it is cool is the nethod 
most likely t) succeed. As coimpetition from existing 
species is only temporarily checked, establishment 
will be slow ind grazing will have to be carefully 
controlled for some years until the old vegetation 

has been eliminated. 
In Fiji. Partridge (1975) has established simatro (A. 

-

atropirpim'tinn) in mission grass (Penniselin ipoly 
siachvn) Iybroadcasting seed and suptrlwphosphate 
after mowing the grass. In Uganda,T1. 11. Stobbs 
(personal conmnuutnication) established stylo by 
broadcasting seed into 1h'p'arrhoiia tfi without ally 
ptm.uarttiry treatmtiut; fnd Foster (Itil)inNigeria, 
pstal !ished stvlo in native rangeland l1NfNetiug lhe 

seed to,4;tth. 
Althou,!, it is t)ossible to esttblish soine species 

without so i listurbatnce, quicker and mtore reliable 
results will be ifotained if thesiatt t' :an he broken, 

)tmrtic:ularly in soils with hard-sitting crusts. 

Minimum Soil Disturbance 

in the tracks they leave will often be disturbetd 
sftiiitntly to provide a suilable seed hed for pasture 
sptivies. This is usually the case inheavily tillbered 
areas. lint if much grass is pures nt, pltowing of the 
grassy areas will lie necessiry to got even establish
nuent. 

When using bulldozers itt steep country the drivirs 
must lie fully ,ttw of the itportance of not reillov
ing topsoil. 'ising rakes instead of' blades when 
stacking timber helps, bul ile tree trunks themselves 
(;an push large amounts of topsoil alhead of them. 
The oujective shouli be lto roll tle tres rather than 
push them inl to form sli:ks tin the coulour as 
fAr as possihble. 
Ilgeneril., large bullldozers ia!more et:tnomicil 

than small ons,particulairly if large treesare present. 
In steep ciuntry, however, two tor three smailer 
machines working in unison are Irticulrly effec
live. Smaller units are nore maneuveradle iinlight 
cornoers, and if one gets stiik Ih!others ciin help 
to extricate it. 

Std seeding and other lartial cull ivatition tch
niques have bmee ised sucmessfuilly in open grass 

swards with some legune species such as t:entri 
(Centi-osen a puecmIns) (Teitzel aI., 1974) alnld)mia Wi 
siratro (Lowe, 1974,). These nethdls are nol recoin

mended in grasses which form tight swards, such 
as carpet grass (Axonopus affinis) or kikuyu (Pen
niselurn cindestinmn ). Sod seedimng is generally ni t 
as successful in the tropics as it is in lemnmpetrle 
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zones, where winter growing species are sometimes derivel from basalt. There are no clear dividing lines,seeded into summer species as they approach dor- however, and it is not possible to prelict exactly
mancy in the autumn. The existing vegetation does which species will perform best in a given situation.not then compete strongly with the young seedlings In many cases mixtures of three or more legumesbut this situation does not exist to the same degree will be found growing in association, with one orin tilletropics. the other predominating periodically according to 
Full Cultivation the season. 

Consequently it is wise to include several legumesIn steep country the aim of cultivation should in a pasture mixture on hill lands. In time theyhe: (a) to el ininate all species which will compete tend] to sort themselves into colonies with specieswith tihe sown pasture and (b) to break tp the surface dominating in the particular soil conditions, or atsuff:iciently to facilitate the entry of seed and mois- the time of year, which suits it best. This spreadsture with ite inininilum amount of working. the growing season over as long a periodt as possil)le
A fine lilth is not necessary and will usually resull 

in 
and also reduces the risk of the legume componentpoor estatlishnl. Erosion will he miinimized of the pasture being eliminated 1y pests, diseasesanI establishmenlt''will be quicker if Ihe surface is or unexpected climatic conditions such as unusually

left as rough as possi)le (Roherts, 968). This allows severe droughts or frosts.
surface-sown seed to be washed down into crevices, On the other hand, it is usually best to use onlywhere Ihe soil is damp. 'Ihe germimling seeds are one grass species in each paddock, so fence lines 
protcled from direct sunlight and the emerging should he decided upon before sowing the pasture.radicle can readily penetrate the loose surface. Using two grasses in one paddock can create man-Ileavy tandem dis(: harrows can Ibe operated on agement problems, as cattle wVill eat the more palatslopes of lit) to 25'. This is done by starting down able grass first. During this time ile less palatablea gully as close as po(ssile to the watercourse, one becomes overmature. making it even less acturning round the toe of the ridge and comruing up ceptable to catle: it wVill only be eaten if very highthe edge of the walercourse on the other side. lBy stocking rates are used to the detriment of the
repeating this procedure ea(h ridge canibe (:ul out associated legumes.
wilh Ihe tractor working on firm grounld all the time. An exception to this is the use of a nonaggressive

Chisel plowing should he done o) the contour grass as a pioneer species in infertile soils. Molasses 
as far atsp(ssille. but (IncIntry which is too sleep grass (Melinis minutiflora) is a good example of afor discs the only ialterlalive is to rip strlighl down suilahle grass for this purpose. It grows well onthe slope. If' Ihis 1utist he done, it should Ie donl infertile soils and controls weeds without undulyearly in Ihe season an(d so(wn immendiately to try suppressing the legumes. Although it is not a particto ot;jin i good (:overhefore heavy rains com ence. ularly )roductive grass it provides good groundIf erosion does occur, the viney leguens such as cov(er and soe(! us1ful feed in the early years
siraitro, greenleaf and sih'(rlef d(esmodium (1)vstno- it %Vill not stand heavy 

but 
stocking. Consequently, itdi(ill) intolll'r and 1). oncincaIltn ) or kudzu ('loeraria will gradually he replaced by the more productivephaseohmles) do in excellent joh of reliring tlhe grass in the mixture as fertility is built up by thed1,nrage. legumes and stocking rates are slowly increased.)ne working is usually sufficient, exi:ept in very When choosing seeding rates it should be bornelight graiss swirds. Additional working adds greatly in mind that on slopes it is seldom possible to provideto the cost ;int will result in a fin(, fluffy surface conditions is favorahle for germination as on flatter

which rovides no entry for seed and will wash land. ligh seeding rates are not n(:essary for grasses,
awa y even wilh light rainfall, as they will thicken tui ) quickly from Iheir own seed;
SEED MIXTURES but increased see(ling rates for the legumnes will 

ensure( a tqui(:k ground cover, reducing thie risk ofFreqluint changes (f soil type are a :lhara(:tecistic erosion in the estiblishnent phase, and give earlyof hill V :ountry. These Imay he brought about .)y legume doninance which will simplify grazingchanges in Ihe parent rock, but even whe:n(deri,,ed management (Roberts. 197.4). Legune seed shouldfrom Ihe same material there i;an Ibe marked clniangt.' always be inoculated with ile appropriate strain ofin soil texture, depth and moisture-holding i:apacity nitrogen fixing Rlhizohim) toenstireearly nodulation
froi lhelop to ith boltoll of the slope, and fast growvth of the seedlings.

Pisture legumes are, parlicularly sensilive to suchSO N
changes. IHardy types such as siratro anId slylo do SOWING METHODS
well on the hard, infertile ridges: greenleaf and Sowing may be done by hand, by surface machin
silverleaf desmnodin oln thellillsides: while species ery or from the air. Because the quantities of seedlike glycine ((.ly;cin wighlii) and cnlro prefe:r tih( used are quite small, of lilt order of 6-12 kg/ha,more: ferlile soils along the edges of streams, or soils itis advisable to mix the seed with an inert carrier, 
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such as sawdust or rice husks, to increase its bulk 

and so obtain more even distribulion. Superphos-

phate may be used for this purpose providvd iocll-

lated legume seed is pelhetd and sown soon after 

mixing with the fertilizer. This is a usefull ni,(0"c0d 

when hand sevding Is thw white fertilizer makes 

it easy to see which areas hilve toeen sown. 

When broadcasting griass and legum, seets mixd 
fartlerWith fertilizir, the legumes will he thrown 

fertilizerthan the lighter "rass seeds, and some of tilt, 

go farther tlwn eiller typt of seed. Seedfingwill 
"runs" should tieretiore cverl,ip Ic ensure e\el 

distribution. With aerial sitdiig hlf the seed should 
direction,ke spread over the whole ae, in one 

il!d then thel )thr(, half applied at right anghs to 

the original runs. If mountlains pi'event this, the 

normal swath distance should he halved. This should 

also be done if using !;-mint equipment with spinner 

or blower type f'rtiliz, r sprel,ielrs. 

Sowing with ground o:hillerv is lv siltisfatorv 

shipes-sc'd drills id firoadcasting(tin clderat'i 
work well itsteep ailles. OneCquilleit dh) nut 

hillsid(s it is not pussiicl' to prtcpiirc the sm(ooth 

tor curwit. shtllw dIrill-sciwingsed ed requircld i(' 

of sm11,all pilstlur( seeds ilh 

of crcsicmn. X\'cH'r. drills are 

hcoses shculhd hi i.hllc'd out 

that the fvritilizer is drillb-i 
thel stcritce. 1I)p plicni 

runing- a grtit risk 

ustld. thtrilcre, the seed 
uwitt 


ti(' sciwing olts so 

In u ile s'cd falls nco 


i sclw'l is oine ()ctfhe 


I)"f 


tlilris. liar-()I'stllishl i'ntl 

tic;ulirly, with gIraiss's. Sc(ud shucild nocit le c:cvi erd 

ticlds to furv seccd tucci lo() $

llost Ciilllllln :islIsIs 

plv ciliby harriwing-it 
a rough sei(lhled ind lic\'is ihcisf' strf,ice which 

It mt-ti crcsicn. scu must lit, ic(;verc.is vulnerahle 
cver lhedragging leafy branlich s or c light c:hiin 

surface will s\\'eep a small iinouiit cif sicil vir the 

seed without breiaking up the :l ds. 
Although it is ii icmparatively similn] nhitter to 

establish pastures oin sleep] ;country li th, ,bovfe 

methods. it must l e remeniulc e that iainteuinc:e 
if the p istirefertilizer will he requirdl u.lulcrly 

is to remain productive. Proivisiuin must be mad(: 

for easy delivery of fertilizer toi the site, for examiple, 

bv iasyhstei of vehich tracks along ridges, oi- airstrips 

placed at an c;cllcomii;aI flying distance of about 
5 km (Robts. l~titt), 

If there is any marked seasonial variation in rainfait 

or temperature, it is advisable to sow slopes early 
in the growing season to obtain the best possible 

of heavy railns or coolgrounrd cover before the onset 
weather. Plowing should lie cormpl(,ted just before 

the early rains are, expected. It is not nec;essary to 
wait until rain has fallen before sowing the seed-if 

heavy rain falls on newly plowed ground, iasurface 

crust will form which prevents seed entry. Sowing 

should be done as soon is possible after plowing 

surface is still loose. Pastureis finished antI the 
seeds broadcast on the rough surface of a dry seed 

can lie there for weeks without deterioratinghecl 
appreciably. When gerlinating rain falls it will wash 

seed into the crevic:es where moisture is :oncentirate(l 

are suitahle for seedling survival.and conditions 
thet seed helps to maintain good c:ointaictPelleting 

h remains onetween the soil and any seed which 

the surface, providing a pathway for moisture to 

move frolm tihsoil into Ie sed. 

()n:e the radicle enters tile soil, oot development 
is rapid. Thle yoing seedlings have a remarkable 

ability to survive dry periods and early sowings 

seldomn fail for this reason. Oin the other hand. very 
losses ihot conditions may cause heavy seedling 

later so\ ings (Kemp, 1976) 

FERTILIZATION 
Fertilizer reqtiirilits (callvary consilerahly ovir 

quite short distanc ,s il hill lands. Neverthhvess, it 

to avoid failuresfew general observa tiils lay help 

due to lack of uindersllnling if the special nutrient 

requirements cif tr]pic:al pastui'e lgunws. 

First. although N iid l ) will alniost c:ertainly hbe 

hill N ftrlilizer shoculcd not 

e ullse(l glrass-legulle Inixtuelis. Ilenz'll (l i) 
defic:ient inll most socils, 

()Ii 

has estinatd thait c(4cctiv(clv nohclited lelcinces will
 

kg N/hii aiinually toi lh associiathi
supply 62 -180 

griiss. This will pricinicte suffici nt griss growth ti
 

k(ee) it in t mliec, with the legume. Any a tItl t
 

to obtain additionill rlss prcductiol hy ipplying 

will plit:i the leguie atia collpetitiveN fertilizer 
cliscclvciinagv cld. ittursisti-d with, will lead to Ihe 

1971). Theilllelimition of the ligumi (Jones, 
ns tco this rule ir : (i) Siliil] quiianties (i(! ex(:!pti 

N. lp to 5(0 kg/a,amliie used to assist eslahlish
ment of grass seedlings ilSoils which are grciss]\ 

deficient inl N. (If this is done, the prcopcrtion of 

grass seed in the mixturi .'uild Iberedui edl so that 

thegrass will not sniolherllte!shiwe:rroiwinoig legune 

To ccbthiin quick feed in an eimergencyseedlings). (b) 
ip to 50 kg N/ha ilIv be applied to igrass-legume 

pastur., provid]e] this treatnient is iicot I'el);atedl oil 

the same area in subsequentiii-year (Jons., "1970). 

Some tropical legumes, fo, example Siviosanthies 
soils with very low levels ofspecies, will (grow in 

) 5-10 ing/kg (Il.S.S.available 1, icf thi! oi'der of 

rrethod) but much higher levels than this are re
quiired for good proluction. For exaliple, Standley 

(1976) and Andrew nil Bruce ('1975) stiall that in 

the humid tropics of North (ueensland pasti'es ican 

i successfully established when available 1)exci;eeds 

'17 mg/kg and (:an Ie successfully imaintained where 

it exceeds 30 mg/kg. Ihselevels would seldom 
Ie found on tropical hill soils without tihe addition 

of P feit liIizer. 
Tropical leguns in general require higher levels 

of calcium (Ca), sulphur (S)and nolybldnui iMo) 
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than grasses. It j. seldom necessary to apply lime 
Io correct acidit 3 on soils of pi] 5.0 or above as 
mIlost tropical leguimes, with one! or two exceptions 
such is glycine, are well alapt edl to low pll. They 
also ihave the aihility to extract calcium from low 
Ci soils (Andrew and Norris, 1961). Sufficient Ca 
to sulpply the requirements of legumes on most soils 
is contained in thel comnmonly used P fertilizers such 
as single anl ,loulh superphosphate, rock phos-
tihate inol Iasic slag. 

Sulphur nI Mo ir( essential for good N fixation 
by legumies (Andrew, 19(i8). Sin gle superphosphate 
contains sufficie!nt S for most soils ind should he 
us(d wherever it is aivailabll'!. Mo is only required 
ill sniall uillatili(s, 1(00 glm/ha is usually enough. 
It imay ,1b i into) a seed pellet (Roberts,'ncorporated 
198;i8; Ke!rridge, Cook ind E-I'veretIt, '1973) or mixed 
with ferlilizer. 

Pot(assiil rnmay be reqIuirel, for establishmenlt on 
hill soils with i history of pre'vious cropping but 
as i rule soil (listurt)iance ( tlring seed bedlpreparati)n 

aity e,eexlpectedl to mineralize sufficient K for estah-
lishnient purposes (C. S. Andrew. personal c(oi)nllu-
uncation). For mnainltenaln(ce (if i lIro(lucti e I)asture 
the le:ve-l of availalde K in the soil should I). above 
H0- 120 ng/kg (Standlhev, 1976). 

Pistur! tshlblishilelunt l ( c(1 slopes is(ultivlteld 
more (lifficult hian on newly cleired land. Slower 
eslalishnent iInd lower yi(els in thle eirly years 
alre iisuill, vlenl tiih(uglh itlriitlit defi(:ieln:ies hatve( 
bven correce(d, ind Role (1974) suggests thai this 
ray I)v (due(tio physical chainges isl thl soil structure. 
Ihis iill) he exl,(el Ito illiprove ll(hr ia grass-
leguellpa tiire-as hlas beeln (h~lelonstrltedl in north-
emrn New Soolh Wales where good patstures have, 
bweln estinlish oni abandoli(l hiliilI plantations 
(il stel) hillsides (Rolberts, tillpublished), 

WEED CONTROL 

W(eds ile svl'hhlii trolsonl, oin newly cleared 
foresl llill, butillhere is usially hiavy wec-l regenelr-
ltion w'heln ()( cultivations ot forest regrowih areas 

are lhw(l. Repeaited cult ivat ion to destroy weed 
see(ilings hef(oe sowing the pasture are not practical 
on hill Iani andlea not iecessir'-i vigorous, dhense 
piistulI will suppress \vdls if wvell fertilized and 
ii(ierly nilnlilird. 

The vinev tropicail legumes will smother most 
weedls if they are i llowed to. To inahle themi to 
(l0 tbis they niust be given lime to climb il ) and 
over Ihle, wi ees, weighing them down andl cutting 
off* light. I'ranipling with cattle or rolling will assist. 
If cille are used, however, grazing must he carefully 
(;ontrollh(l to ensire that tihel leguenis are not ialten 
hack tooilar, otherwise tlhly will he slow torecover 
and Ithe weedls mnay get awa, again, 

' Illain exceptions to the above are erect, woody 
sl)ec:ie!s whi(:h cannot he weighed down by the 

legumes. These usually have to be butt sprayed or 
cut close to ground level and painted with 2,4,5-T 
in diesel fuel. 

Some tropical legumes, such as greenleaf and 
silverleaf desmodium, stylo, glycineand centro, have 
good tolerance to 2,4-D at rates of from 0.8 to 1.6 
kg/ha when well established, hut siratro is very 
susceptible anti at no time should this chemical he 
usedc (in it. lHerbicides containing 2,4,5-T or picloram 
are extremely lamaging to tropicid pastore legumes 
and] as far as possible their use,; should be confined 
to spot treatments only (Bailey, 1969). 

GRAZING MANAGEMENT 

Early Grazing 
Careful control of grazing in the first year of 

estalahishment is most importatt. 'ro achieve this 
it is essential that all ,ewly developed areas he 
securely flced to exclude cattle anti other hierbiv
orous animals. 

A few cattle should be introoluceol early enoigh 
to keep the fast growing grass in c:heck an(d prevent 
it from shading the Jiower \owing legumes. This 
will cause the grass t;, ':oi out andl produce fresh, 
nutritious growth. As long ias the grass is kept 
growing in this mianner the aimrals will eat it in 
prefertence to the tropical legunes whi;h, with i 
few exceptions. are less plahltahble when young. If 
stock numbers are kept low enough for the animals 
to satisfy their a:p(.petites by eating grass tips only. 
the legumes will quickly estabtlish i good grounl 
cover. 

Thi objective should I)e to adijust stocking rates 
to achieve legiiie doniiince i.s quickly as possile. 
Legulnl dominan:;.ce, in this context, is defined as 
the stage of growth in i mixed grass-legune pasture 
where tih l lguiias have overtoppeod the grass and 
have ohtainell an alviintige in competition for light. 
At this stage there will be very little grass visible 
and the pastlre will appear to be all legumile. but 
in fact there will usually he only ibout 20-30% 
legume in terms of (it\'lmitter. 

Aninal productioni is positively correlated to the 
amount of lgume in tlhe pasture (Evans and Bryan, 
'1973). In pra:ticie, however, it is olifficuilt to maintain 
iahigher proportion than about :30%,of legume dry 
matter under griazing. It follows, therefore, that for 
maximun ainial pro(luction thl lastlure shoild be 
nianagel so that it will alvays apI)eii' to be legume 
dominant. With iost tropical pastures the feed will 
he ahout kilee!high at this stage anl most cattlemen 
would consider it to he undergrazed-hut this big 
reserve of feed is necessary for quick pasture re
growth to l)lvent weed invasion anl also to protect 
the slopes from erosion. Any attempt to utilize all 
the feed on offer will soon lead to adecline in pasture 
quality and lower animial production. 
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Stocking Raw 
Stock ng rate is the most important factor affecting 

the stability and long-term productivity of a grass-
legune pasture. Overgraziing will lead to :idecline 
in thw proportion of legume in the pashur and tlhis 
will be followed by asharp fall in animal iroduction. 

This is illustrated in Fig. 1. which is based on 
the results of a grazing e!xperiment which compared 
animal and pasture production from three sub-Iropi-
c.al pastures at various stocking rates in southeastern 
Queenslind (Jones. 1974a: and 1970-75). ()it i mixed 
pasture of greenleaf desmodium and Naidi setaria 
(Selaria anceps) at a low stocking ra f .e 
meals/ha the graiss id legunle formed i slable 
association ofAt st the high
Iem;r,-l-iv,/fh very little weed (fi. gas). 
legkie withe le w ( aAstokinrae (f ..3 animals/ ha the legume had
stockn rawue ofr 21.96 to tni iiathe 1tree had',heen redu:ced from 23"1%to ti;, iifter throwe years, 

with 46";, weeds (Fig. 1l1). ()n a sirairo/searia 

pasture in the same experiment the trend was similar 

but rot quile So pronounced. possibly because siratro 
:Dtor, readily thanwill regenerate from i!sow'n seed 

d(esnOdiillml. 
The effect of these botanical changes oi animal 

prodtttion is shown at the boltom of Fip. 1.At 

the lower stoctking rate livekvi,<ht gails pul head 
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Figure 1.Performanceofa greenleaf desmodium/Nandi setaria 
pasture over four years at two stocking rates (after R.J. Jones, 
1970-75). 

and per ha remained fairly constant over the four 

years of the experiment, with a mean annual live

weight gain of 200 kg/ha and 180 kg/head (Fig. 
)At the higher stoking rate there was a steep 

inease in liveweight gain in the second year lt 
is in lie byin ine send er

this was accomaledorama d alineinlegumew erby 
centage, wuhich led to dramatic falls in liveweight 
gains in sticlsequlnt years. In tie furth year there 
was Pracntically tullgte left in the pasture and 
the animals actually losl weight (Fig.ild). Over the 
for-year ptidt the man anlnua171l liveweight gain 
on this treatment was only 178 kg/ ha an 511 
k/ head.

the high stocking rate proltmucioni o er the 
four-year period was fi8 kg/ha lower than it was 
at Ihe low stocking rate and production per head 

was not satisfactory at any stage. Not only hia thereee hs fprd i onb ttelg m o p n n
 

been a loss of production but tle component 

of the pasture had been eliminated at the high 
amd further falls in production werestocking rate 

inevitilbie. 

lmphilsis his been plia l oil this becaise over
of instocking is Ithe mrcst common aills, faiure 

tropicllgrass-legume pastures. Managers misledare 

by the tppartot ,tluhitt:amtce of feed availle and 
hy the belief that higlwr stocking rates will give 
higher profits. This is iot necessarily true e-v!n il 
he short-term beciise. tliough produiction per hi 

.y	m be temritrarily inreaised, imcome ",will not iin

crease in proportion. This is bcaust, the yield of 
saleable me1,1t is less froi a slw growing animinal 
a_and it is aiso of inte ior (ilillity, So illcreilses in 
yield oi tliveweighl hsis ivbe t:ollpletely offset 
by reduceid prices. Thus. overstocking will result 
in an ininediate lowering of ptality, followed l\ 
itonliiling reduction in (jttitllity of iililill pro d
ucts, and !'entul destruction of tile istUre. 

T'h e s ife stock in g f orp vinp aist w illra hl! iim y g iv ur e. 

governed laurgely by rainfall and Ih leinglh of 

growin peritl. The safe rate 1[1.11 iutinials/hla 
above was obtiinwd in a sttttrtil ical :linlate, 

with average rainfall of 1625 Imn ind light frosts 
winter, and iagrowing period of 6-7 months. 

About 100 kml firther soutlh, in iafrost-free situation 
and annttal rainfall of 1750 mmn, with iaslightly 

mlonger growing season of7- nitnths ( literts, 197:), 
stocking rates of 1.5 ianimals /hi have Ioiw Iteen 

fttr six years. It is !xlp t';tel that in the 
wet equatorial :limtle of West Malaysia, with well
distriltte rainfall and potential for growth in 
prattically every month of Ihe year, stocking rates 
of ip to 1.75 animals/ha can safely Ie maintained 
(in adequtilely fertilized and well-managed grass

pastures when fully established (K;rridge, 

1975). 
At stocking rales of this order buf (;aibe prod tced 

from tropical grass-legume pastures more cheaply 

106
 



ROBERTS
 
than it can be from N-fertilized grass pastures on legume from trampling and plugging of th(- soil inpresent fertilizer costs, wet weather. Also, in paddocks which are not beingIt is important to appreciate that stocking rate alone grazed, the faster regrowth of the grass will causedoes not give a fair indication of the productivity shading of the legume and further slow its growth.of legume-based pastures. For example, seeding All these factors will reduce legume yield andlownsville stylo (S. hunilis) into native speargrass persistence. In practice the effects are usually inore(Hlteropogon contortus) pastures in Queensland, pronounced than they are under research conditions.and aortilIizing with superphosphate, has increased There is always a tendency to leave cattle in athe stocking rate of steers threefold and liveweight paddock as long asgain per there is stilt some feed there.ha sixfold (Shaw and 't Mannetje, 1970) Grazing the pasture right d(own to ground level mayand has also produced increases in conception rates not harm the cattle but it can d) irreparable damageand calving percentages (Edye el al., 1971). Thus to most tropical legumes. The only exceptionsthe big gains in animal production result from to

this are a few low growing legumes such as lotononisincreases in yield per animal, which is a function (Lotononishainesii)and hetero (Desrnodium hetereof paslure quality, as well as increases in stocking phyllum) which are not in widespread use. Likerale, which is a function of pasture quantity. clover, these are more productive and persistent ifGrazing Systems the pasture is kept short. 
There is a widespread belief that greater animal 

In view of the high cost of fencing and providingwater in small paddocks on hill lands the extra costproduict ion can be achieved under a system of rota- of rotational grazing systems cannot be justified.tional grazing than under continuous grazing, but Only sufficient subdivision should be (lone for conthere is rio evidence that this is true of tropical venience in cattle management.
pastures. 't Mannetje, v/ al. (1976) sumnarized theresults of 15 experiments oil tropicalI pastures which 

It should lIe pointed out that in the above cot.textcontinuous grazing is not the same asc:omparel various grazing systems. They showed that 
set stocking.

It simply means that there are normally some cattletIroduclivity undrer continuous grazing is as good in each paddock at all times. Althoughas, anii somet imers better than, several forms of total cattlenumbers may nol vary much throughout the year.rotational grazing, the number in each pa(dock may be variedIn one of tht experiments quotled fromby th,! above time to time according to relativeavailability of feed,authors, in Rhodesia, concepition rates were far lover but cattle are never completely removed specificallywith a short-duration rotational grazing system than for the purpose of promoting pastuore regrowth.with ;otinunous grazing. For breeding stock, there- Under this system, at the correct stocking rate,fore, the c:hoice (f grazing sysitem may have impor- animals will graze quite sleep slopes remarkablytaul long-term effects which are not revealed by the evenly. They camp on the ridges ati night, whereusuil method of measuring liveweight gains of it is cooler in summer and warmer in winter. Insteers. It is probable that the higher (:of(eption rates the morning they slowly graze down the siles ofwith (;rothinus grazing were due to ite fact that the hills, camp near water in the middle of the day,under this syst'li the aninals hal grealer freedom and gradually work their way back up the slopesto select the most nutritious portion of ithe feed in the afternopn. This patlern of grazing establishesavailable at ally given time. a system of contour tracks, or mini-terraces, acrossMost of the tropical pasture legumes in :ommon the face of the slope at intervals of about 1.5 m.use are vines which should'not be grazed too low. The pasture between the tracks is grazed with aFrequent severe uhefolialion will seriously reduce minimum of damage by trampling and permits densetheir vigor and may resuill in tlheir death (Jones, "hedges" of pasture to form which effectively check1974b). Their comparatlive unpalatability during erosion.
 
early stages (ifgrowth gives ihen a degree of protection against overgrazing in a mixed grass-legune The Place of 
 Pure Grass Pastures
pasture if animals are allowed freedrom of selection.Under a rotational grazing systeim animals have less 

Because legume based tropical pastures are sensitive to overgrazing, managment (canl be considerablyolportunity to select their diet and they are forced simplified if some paddocks of ptire grass pastureto et( a greater proportimi of the legune than they are included in the system. These should be locatedwoulId under a continurus grazing system. (Au in those areasexceplion tot Ihis is the Iree legume Liuciwna lThuco-
which inust at times be subjected

to heavy stocking densities, such as around stockcephala which is so pahataible that cattle wvill graze yards and dairy buiIdings. The most suitable speciesit out if given contirual access to it.) for this purpose are grasses which utilize appliedEven in a simple Iwo-pad(lock system the stocking N efficiently, and which form dense swards thatdensity is doulbled on the paddock which is being are resistant to trampling and over-grazing, suchgrazedl-wi lh a resultant increase in damage to the as signal grass (Brachiariadecumbens) and kikuyu. 
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LEGUME BASED PASTURES ON 'I'RCOPlGA L HILL LANDS 

a "safely vill,(! ". 1971. The effelt of ctlling inlrval amd hoth ilm( MidheTh(ese padlo:ks (:Ili us(d as 
of nitrogen frtilizer on tb.yi(hl and hotalnical changes 

pr 'e' o1 till! lteguInII -hasi(i pasltlrels rate
to) relieove 	 apicgaint - irl:h s- /l'l

'i e'tIf :lIlfts:'. Sirattlimnagrinval'llto pasture.Tr ,sub-trilwicaxl,11d'tsptrid l.soti varih.'e Iina• 	 Mf~~~~gowvth'Ior[rV shortag e . Tihle ila 
d l ing p erio ds of te m'llp feed 

. r i, Ni.us'I.siihritlilr,optimll ratio ol' pire grass to grass-legule pa sture tol iislt..is nIin ' 

will (lepmlnd largely oil the lngth (It the growing N.S.V., pp. ilt-2. 
'. of pune grass . I974,. Th ilion ill,inltil anld pislttt' producdlion

sa(.s(. A system elfn[)oying abiiou.t 25 
tostockin ralloIn 1,,is,'d titlognimI f,.rlilizd silth'+iiii' and 

pastures hls itIel stCl('essfully used illnorthern New 
\ustSoc. All. Podl. 10::140.lripi:,l pistto's, I',tii ..

South W ales for the jiast si\ years (Rolherts. Unplth-
glass, cuttinlg inhtvivl, and1174h. ,l,nla sso hilt' ('11111p ,irlat'ohas jt'eei ...... Ih''ttu it ,1 t111huh,1mzc~i itioll of

lisled)il\v cahidandf'oriasomiiill ,'whidlsim ilar systeli by Tie~tzel c:ulling livightits.:(! North Q ueenla~ind 
All\t.,\
pstunrls ill .1 sib-tt-tqi',m n l lnIH.,\uSt. r,,\ . 

Ilush. -:33-1:1 1
 

The~ mInagemeit of' pure orilsS pastureis inl thel Kviip. I) R, 19|7i. (Istixrtiis in thI'ftoniol sowing and
 
vl it]. (1974). 

t'1y deall 	with II Victent - ',tlIlIshliz n'il of LItolloiitPt'+inigsii dilh,'sin diffio oin:illatiltllhunlid tropics hms hee ill 
ilthu Iirii itlo (;t..Issi. 10:25-3t2.iistrit(.
Chandler et al. ( 197-1). 

19175 p'rodmfhll
K,,rrid !v. 1'.C. P1,1sl111v lt11 Short+Cutah,in)A\nill 

,,Augtust
I'roductio,nu IdfAth --ft'r ('ittI Ittllt-h-22nd 1175. 
ACKNOWLEDGMENT 

Div 'ision ('Ii%, P ..1i Ni.1II I.1.and rI l. tl 
due D r. C . S. A ndrew . CSIR()Th nks at' 	 , d' ii Ih, s up-t3'. l 

t i ' for h tlp fui lsu g gtes " it t u .'tdt,P , CIro it Nit.t l icat i 
of T r' top ica l Agr it\ t1 . ,Bl s'iill. 

,
psi'I h'gum" 'i,, (;Icl 7221-T' 

. 

tios ill p-pilreill l (If this paper. 
t 

itll! inito. ImihIt 1l7(.msl isltt 2la7tii!; I" itd'..REFERE.K F 	 s. 

M"illrnfhi., I)thstCittiuni,''llt11)1.011 I(4t'rtrn4I C. 17ti 1i,11.ts 
tBull No,. 6t7 :\'Li\it Fiititi, ltvrtilizvrandetrotl " 


hllolm !\ 11m~.1'I,1 V',l ti.T ,lW,(ll 

1.. I, \" I. 1' tV1,76'I .".MmI 't111 . , ,old "'tillhb,, I ]IiMhlrvR EFER EN CES 	 '. 

I"'d, ll ll h%11' l, I1 l i l p~ir:ll Ils tt'r IrvA11,11 It'l 	 1)1' 'l 

N. , '(I.N It ,lg madW .\V.t' 	 l oi, nrthti:\ndrr 7..-. I() i Ir ) iiv 1f i i,it of iihri tt An ji. Vi. -S. ' ,t;,I 

/ et tltI t lFmIi ti Iill. dI:iA:7.: 117- ll I /IiIhn, ttz l'itm 	 Ridt. 
for plrl ls 	i :1 I I 11(172ll d 2 1(i 2-l'll4' n.st rth C orlls. IH11151. Il).L19-1-"2A-1Sr'1i. :1-1115-1-t,2 

A\ I 4%;l. . is mii t I, R C 1117,h ,Iivt!lzz, oy,,ll, 1 1of5 Hiiii. i .111lit of I.osioll jass (Psillisr

11( -, ,rf ,11111 t : 1 1 4.1',0W,.lIIQ r,t 1111' Troll11111'!111)8iU tjltl , 	0 , ,, I II 1"11i l oitdr-,-n8 m lljhosl)8,d 
Itqlllll'+'11 ,livt1 A ,h ., 'r[ , 1<.% I .1.H I a lillllhlitll '/1+/.
9. 133 -39, 

,,issl9 4.-",-51Not i,-,,D) 1, H,1 1i [!lll (J)lp
And~rerw , C. 	 S. ind 

c'f~q'Is dI m mt idi1 ',,iliiI m id ploi ng11on1 
' 11' I 1'111 I+11 1,I )!I'.,1s 11 .!'HI11111 l' w.' R' 197,-+ 1H 

to c,-Itclullloff I\. I rl)i 

tw II% t 's I -1l Ilit1,1++,s111-- I 	 III I \ 11 -.A ls ..N[)P'(:i11-.,\£- \,trUr', 12 -111-75 


, ~ ..t~ . .Ifjh,'qlH,, ,I, 11108 l'l . , v1 ll Im
d,v ,l1 L" ,ii, M milgl a,
1Hih'ey,1.). R, Iltfi) k i'' ll+ ~~l 1 It ll jl 


hi 11,11) ''. --I
(t+ 147Agr, 1.9t5:625--30. 
.. . I, f higthl~in tihl 

lA yI.,1L.A .. '+ K P ,,11df,littllh,Do,'.it,
', 	

. 19!73 1 Ii)(1.li ke,p-i,11s tiIoIm.,j ls.l~
Hil lll, tq%dw, 


old1 s,j, lI~~1II h' +.,l :hl- VI'm t 1 1 1-1 )
1971. tF'rlili1t I,1,t 	 '14 [)l,mn 

d 
, . 

2,2111)-77" 	 (if hmunm ,-h,,, t1ooi,d Imsimcs' T1" (ro',l ft6l-6i7,' AS./,\ltg ';+, 


Evdnls. T] R~ 11 t'.m , ,' ]t1 7 3f11 "1f. ' -,--l+''11-5 P, I'.,s ,,,-m.'n 11m ,ludl No,.i%,l \' W F I , d ........ gim ,+ivors Ii,,isv
 

VW'llutfm ,", Q tu,,lt .nd I.g','lh .+ ,Im 	 n11,l il.r/,,,m Il)1 . -If, ,,\wli,ll.11d\ i sl,, I'loject(if tith111'.,hIrr1i ' 2. hl 	 tor 
II 


hev!fpiro A.11.[ i". ;t.,iAn , t t1s:1 5316,t 111(- Dl pl.-'hIl l (it Ijl olldI114-1-f ,,r:i lin\', ~ ~ls~d 10lol 


F(',~ Itl.9h o, Iih, Isdll.himntl f .1 t n+ njv In%., aI ,', ~ 
' , 1I! o Iof ,\I 11 ) I. 1',fhit ,tI % 11.11I.W I~ti % A. , 

tan iLi+'~ noitllvri .xp .2,1:111 ll w . , N I, tt1l I N1,111 ,'.1)I. 1.,1970 I'lll, sp,),.1gla;ssI 

' (.~ 


nd ill N illhl fmi,I 

,E. F.Ito n, S wr(,' i[ . ,,l~ 11- ,'f Ii~ Il r4l i (Q<t i -i '-,Ii ] c (h'tti,lizli,h! ia i n , 

i1 !l.,W lU %tV Y l l i 1111111,, elt 
Ite zl lI ' ' l !t, IH I1 ",,I' li~d t11" . ,ll . ilr, s id.- r i o, 

. 'll111,cs II1 o I pl o .)
l o p (;n ri s l 	 2. 1- 17 ,1 % d l 

+, 	 o'l,1 l G a s/ : 3 - 6 
IHunting 'T'(,hnil.-l .i-rvi,.v, Bilotti:r , 11,111111't., no',lyi (Ilfton '1,.1.nj1, 


of[Ill: 'lir ,jsj ll 1 	 S<1till ililv, pII,11miti)111ll ,fill lvltlo(ts.lti '., 111, llft, 1.1P7.
[)evelopilnctnl (;trit 
i!i lu:(C lll.s ' l dlIm h /I dlql lll1rs 197 1 i1111ti1tl lh ll- hllvirn11. nni Tt, lli . i t)(.'ttth 

(Cook Ilni%.(if Nollh Q 1,lsn,.
a-ollkld (:(.',( h v.( .~s O)1J if 

, ilIhv. "ltopic .fil 0 1111'nize~dIrop group".. ]ohot "lignl~,d llt'It'In n 'LgPl)Pt~ 	 2 -,il-9 

Rvgionatl ,MlS11'rI l 1 I1,Thr1,[.,lmdI'tl'm ,:S,IIl),1-r;_, 	 land. 
f ;illhr
+ 	 liz or Spr in g l' i tz l , 1. K., tAb bo l l, R . A . mid M 11.m, kv. P17.1, l r e'

J on es, R. 1. 1 9' " .f i r;Ipplifd i n 	 ' vr7 0 ."'1f 	 I of Illlogvlf i 

d ul ' ( sil i o11 oi i~ , it e Iv ;. .(+.Q'If rlls/.A ,gr.1. l: 4 11- 5.q101) .
1 II ,-[)l o .1j in al (l ,ll i va 'oi11[)po. f iMs iir " ' II I Prw I 11 r -

Cha n d l i -r oncl, .,Iigar f -hi 
a nld ill um n of1 

t mlI -1v i lt-~i nix t e.s 'lm G; +:97- 1 1!, V in ren t - , I.. A hr V., C,H'r(-(Co l , IRt . , 

n 1%yn ll Silv . a nl I l1v, . 197,4.In ti-n,,ii flrln 
tw o s ilb -.r op al ra ss,' fr . p rs s. 

7 0)- .('S IR()DiVisio nl o f "lop ilal A g j A nuis S , d a so111R .,W, v, g rass in g
- ,1 9. 75 

of 111i11.
Repo~rts: 19t70-71 :1Iti;19'71-72:12; 19t72-73:14; 19'73I-74:17: 	 nllinlnl i ill tht(! hiltllhdIt'()Ii(.s hIvrto Rico, 23:1, 

U~niv. ofIPue~rto Ri(.o.19174-75.11. 

108
 

http:19174-75.11
http:Ii)(1.li
http:1i,11.ts
http:pasture.Tr


17. 
Andean Culture and Agriculture: 
Perspectives on Development 
Stephen B. Brush 
College of William and Mary, Williamsburg, Virginia, USA 

During the List twenty years, e(; :rorir: (eveplop-
rmrl has freen acentral theme in the Pertiviri Andes. 
During the lst lder:ade, adaptation has been a major
motif in anthropologic;al studies, and we have come 

to unherstand Andean culture as an 
 auhiplive inecha-
nism inihe mountain environment of Peru. Still 
before ins is the lask off weaving together the theme 
of development andi the un(erstalding of cultural 
a(liptation. The thrust for (hevelopment looks toward 

an uncertain future while the 
 sludy of adaptalion

offers lessons froim the past. Whelher these can
effectivelv be bridgedilg remains lilninswered. My re-

search 
 in Ihle Peruvian highlands indicates that 

pilsanl 
 cult iv;tors thee follow a set of adaplivestrategies whi:h reduce the risk of erosion anld c:rop
loss in a highly diverse ainl unpreuictabe environ-

mert. I wiil outline these strategies and discuss their 

relation to develo)pment programs iin the area. 


In Ihe Peruvian Andes. where trailitional agricul-

tur' predomit les, ri'.sisants dleal with one of the 

steepest einihirlillentill graldielts in ihel- world. 


nftlitiSingh tle slopes ofte!,n span sever'al thousanul 

meters in altiltude, irufhoryiriglluierous local uri-

cr'oclinales rd plant (:onumrlumities. Altitude is rcriti-

cal to a rtliullr'of iriterrilnted envirirrrenwll factors: 

telperiltur'e, ralinfall, exposure, slope, draiiage ,md

soil curnlisiliol. oltalists anl ge(ogr,aphers have 

long recoglized that these fetll ln'res produce lrlt1r1n'rs ei:Tlogical zones relitedl to eleviationl. Dense 
stands oif tropiclal Inhoireto rest (:()%*vr till' eiasterl 
slopes at I 00) Ill; ilhove 3(600 Ill sedges, hunch 
grasses and thick tuilrii-like sod prew1ornimil: aid
in intinontam valleys, a horn amid s:rubh tiorest 
manages to survive piriluirinuvit drought.

Anthropologists, archeologists amid ethmihis-
torians have recmntly stuldied the r'elationship Ibe:-
tween this i:(u)hil)le.x ecology miid (laive Andulea 
culture. Their work clearly uleinonst ralus thai Iuisailt 
agric:ulture, as w%'ell as grutill ivilizationis. such as 
the Inca Empire, may hue uudest¢oor as systems of 
ecol)ic:al control spaninring the Anldes front the dry
Pacific coalst to the dlense jungles of tlhe easteri 
foothills. Prehistoric:ally, the Inuia adinistralion 
moved groups, known a imnitinraq, into differentl pats
of the Emlpire to produce cerlain crops such ias :oca,
the mild Andean narcotic used for ritual, medlicinal 
and pain-relieving plurposes. Today some villages
control singleh valley systems with a wide range of 

ecological zone,,,, while inhabitants of others make 
several annual treks between vidhely dispersed zones. 
The typical Andean household depends on the 
resourc:es and crops of several major production 
zones for its subsistence. 

The native populations (f the Andes organize
much of theireconomiic a:tivityaround the resources 
and products of four major crop zones. Access to 
these may be sought in two ways: direct exploitation 
or exchange. The four zones are: 

1. A tropical zone (known as the Yunga, Temple, 
or Montana) which produces fruit (such as oranges 
and hananas), tropical root plants (such as manioc),chile poppers amd, perhaps most importantly, coca. 
(Allitude-240-1 500 mi.)

2. A midlle level mountain zone (known as the 
kichwa) where maize and wheat are grown. (Alti
tude- 500-3000 in.)

3. A relatively high mounntain zone (knewnr as 
puna+ or jaka) where the slaple of the Andean diet, 
potatoes, and other Andean lubers are grown. (Alti
tude-30(10-4(100 in.)

4. A high noutntnir zone (known as puna or jalka
frwtier) where Andtn :ameloiids (llama and alpaca 
as well as sheep, horses and cattle aie grazel on 
naitural pasture. (Allittuhe-anhove 4000 i.) 

The products of thtse zonres constitute the funda
mental surbsistence bise of the nitive Andean popu
latiols, and access to then is essntial to life in 
the Andes. The type of access to these products
varies from vill;ge to village. but it usually involves 
a combiniation of ownership and pr'oduction of Some 
fields, yearly migrations, personal exchange net
works and market participation. Individual peiisants
lutse this onibination as a set (f suhsistence strrtegies
in order to raintain an adequ alte staildar'd of living.

In analyzing Anilean aldaptation, it is possible to 
identify three geriral types of traditional e(conic 
systems corresponding to the regional pattern of
envirnmnmetal gradients (Brush. 197i). Il ireas of 
steep gradients. self-sufficient :ommunities exploit
these four pro(duction zones wvithout Inarkets or 
migrations. In tlher areas, people migrate yearly
hretween different zones. lii areas of relatively gentle
environmental gradients, elaborate market systemns
integrath these jIruoluctlion zones. 
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ANDEAN CUL TI Rt" A ND A CRICUL'1IRE 

Individual households in a particular village may 

emplioy wide number of strategies to se:tire an 

adequate subsistence. This is evident in the villape 

of Uhhtcniarcat where I have done field work (Brush, 
:()iniulni-1977). I i.hticmarc, is a cor)orilte pt,,asant 

ty which (owns a single Andean vlley systen in 

ite Mar.i16i' driuage in northern Pletru. This valley 

spans over 300011m in atittlde, lld incldt's all (ii 

of the najr Aildeali crop itlldpr'ltliii ,ims. 

Thc valley lgins illa)ht). aridtintleruilita Z,:ont, 
1 illts Ita r.in tundri ('ver;it roLughly 1000 Inall

500 itt. The valley running liween these 'xti'silicS-
nd nV he tr,iv'rsil inis less than 70 kill long 

long 'sIrivI by)horse o)r lllli'. In o dwyli'sone 
ride it is possihl It)pimss throulgh :limlllaltes as diverse 

as th(ose itwven\ west ''txis Ind Al,lska. Riding 
cloud forests ()Ifirlthei. ne d'(iS doilwn throilgh 

thet ' iStrlil Andes Amlo , rihit'iries (if lie A t;llzol 
Rive'r. 

'l', central %illa'ie in th. vl!evv is 'ithlt loors 

frm tll e rl. It is ecommilic:,allv isdltdlllrest 

ioil the nalional ecollyll (tIPeri hy narrowlM horse, 


mat tha kdl \iriully\
trails uid by the tllhe is 
sl ilsi:tI'nli.'.self-suffihient in producinl" i'.;(v 

Peasiits there iI.;o)glliz(, in t sev dil'rt-1il5llitttlie 'ill 
n.hv,'lilSprilllc(tlit ZitwtS in te vall'v whi anir' 

ati.I! (limati: viritiiins thatil isrupt cr(ps in iimrrlW 
on tlle tu' ni r z(iti's n lt (ill I \'I'. A(fe 

Itl lii<gro(iSI'si.r;IS in ech (If then p-tlit l vil, elet 

hle lieds I its population. "l'he vill$g,' ic:itoliV 

li he oitd,rstmiSIsI set (t sIuIhsist'llf:' stritegil's 

designed to provisitolo1i.t )houlseh(ld with ofequate 

food. '['hw inllull LIrm I'NI~htitgJ?. [vpiyiJ'itt in 

C;r(ips Iswill as, cas[., I product uAxCb;hlige 
between zon is a -i',t ot rtl t0pin( wtil:hihal 


iitgJhiland for la;b1)or. On ihv mluost
()If inil)(1rtint 

features Of the locil e(inul$y is th.t it is abile to 

fuinction itsaiI ,rgel vi(ll lnmilt lizd(t I:fonili.\ . Tlb 

alverage family in I(;hmiarcitii ne(k s11 -it SI O 

Neairlv' to buy the few omI(Ids which it inells inl 

(ilnnoit produle; directly o tr;tade tll. 

Three hazards whidh [lIasitsls in l :hui:nir(:,i ind 

nust cope with ar! ersion,elsewhere in the Andes 
(:limatic ;ivariat iu ;iitaladcrop dlistrJ;tinii by diseases 

all( pests. The threat oIf erosion comies partly ioni 

humln ac;tivities-raizing Or (rullivation which de-

protective plant (;ovir. Climltic Iluctunationstroys 
threatens agriculture in two ways: frost iind unwant-

ed rainfall patterns. Minor viliiations in expe;ced 

oil(( of thepatterns can disrupt or destiov fields in 
inicro-zones. At the lower end of the valley, drought 
is a constant threit. Higher il). towardl the 

limit of cultivation, frost or overly abundaint rainfall 

which bring,; on late blight are threats to poitatoes, 

the staple ol the highlands. Finally, disease and pests 
who farm with-are constant threats to these people, 

out using chemical:i. To meet these threals. Anlean 

peasants follow a number of strategies. 

The danger of erosion is avoided in thr(,e ways. 

First, fields art kept sniall-nsuially less than 1/2 

ha. This is Possible becluse individual households 

cultivate primarily for their own consumption, rather 
e. or two small fieldsthan for sale or exchan. ()ne 

in each of the productioi zonvs is sufficient to meet 

all aV ag faiily's nee(s. A tylpical family of four 
amongor five c(ultivals betweten 1-2 hi, spread 

thre or four fiehls. ''hi' sli.1] size of, individuill 

plotIs 'ltards rulift' Ind erosion. S e id. each field 

is surrouihled by ihedgerow construct! of rocks. 

brush and living plaits. ()st!nsilliy built to keep 
(ItIIdestruclii! livestock, these rows efffectively limit 

erosion. Their rots hold the soil, and hoirizotl1 

plowing bllhind thelm tnlds tohimild up soil at 1he 

lowir side of til!field. This cret'lis aiqtllasi-ltri'icv 

(r lnt which retilds rullof considerillv. l'hirl. 

tovld rotation is prililld in the higheIst anl shtelst 

plrit o)I tiltvalley wh.re, raill lllis hevie'st ailil 

erosii n st likely. Pta tloes 'ire, iultiv,ited dilllh'r 

a rgilme. of shifting cillivttioi illwhih fiehls .al' 

v'il's l'tlre, heillonly planted tI'm two or lhlr't 
yeafrsve()r Imore. liret'irii' lt a lo f(llo,w t liv' 

isilig this ;.tlhoId, lit illiltmlilotf soil ws,;hed (f) 

of fields is limitd. iii ] orgi, itc tilh'iil is allowed 

to) ,icctuillul'ith. 
The Aniit peasilltS hite lil'lled to cope with 

i T w llexp lititilni of' nultipl 

Zaln!o allind iltle lmaimr way of avoiding ta:ils
itii it Z(li'. 

crops 
trphe if i crop is destroyed by drought oJr frost. 
Another wai is I plait several diffrrint fields of 

the sale crop, Ipiing thit at leist sle oIf til-hie 
will survive. 'l'thse l'llS i' rinforced by sysvlins 
,Ifo.(:(Jlllml: rliIiltrr(;ity and mutual Jl l i i(;e 
vhich rely priiirily I the kinship systei. My 

research (1eniuiistraites how individual hoslholds 
protect themsl-ives froml privation hy ex;hangigt 
land, ilor iiid ,otls (Brush, 1975, 1977). This is 

(donelargely witlhouit the tsl (If cash. 
Finailly. And!an piasants mecet the threat tol their 

insects and disease by mtaintaining gicrops from 
itti(;aillv diverse crop collections. This is especially 

tie of polatoes. Tl potato wiS originally domlesti

citaed in the c;eintral Andes, all] the alriea is the source 
that crop. Bhotninists estiof trenenllous diversity in 

mate that t1ere are over 20O potato varielies in 

Pl-'u alone. In single villages like Ic lhtuioxliri:i peple 

htieniify some 50 varieties, and in son-ie aieas till 

to 100 local varieties may be found (IlIawkes, 1967). 

Moreover, botanical evidence indicates that new 

vappe.'varieties are c(onstantly created through cross
wild arnd -ilsipollination between cultivaled, 


1970). These
dOlflestiuiaed (weedy) species (UJgent, 


wild and semi-domesticaled species thrive in the
 

hedgerows around fields, and birds and insects living
 

there assist cross-pollination. By mai intaining the
 

large inventory of potato varieties, Andean peasants
 

avoid genetic vulnerai)ility to disease and pests to
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which homogeneous fields are liable (National Acad-
emy of Sciences, 1972). 

The potato is plagued by frost and a wide variety
of pests, the most destructive being late blight, other 
fungi, viruses and a host of potato leaf hoppers and 
worms. Living in isolate(l, nonmonetized economies, 
peasants usually (:annot afford and are often ignorant 
of chernicals to control such pests. Iinmost traditional 
communities, such as LJchucmarca, a first line of 
dhfense is drawn against these by maintaining as 
wide a genelict base as possible and by selecting 
different types more resistant In frost, blights and 
insects. No single var'iely is able to withstand all 
of these, and no o(e has total resislance to any single 
pest. lit growing many varieties lowers the risk
of h uinger if o(e field or variety is attacked by a 
particular pest. In tJchuzcnarca, a common practice 
is to plant fast growing vairieties during the (rier 
part of tbe year :.o as to avoid late blight which
increases during the months of heavy rain. Another 
practice is to cultivate (ertain varieties believed to 
be somewhat frost resistant in flat, ottom areas of 
Ihe high valley where frost but not late blight is 
common. (ther varieties are chosen for hillside 
cultivation where late blight but not frost is common. 
Other qualities which ditfer among potato varieties 
is how,well they do at different altitudes and whether 
they need well drained soil. 

Besides the prot(e(tion afforded 1uy genetic diver-
sity in nunerous potato varieties, Ihe long fallow 
cycle controls disease by killing vectors which re-
main in the soil and depend on continued potato 
plantings to survive. Serious potato diseases which
iay be retarded or eliminated by fallowing include 
nematodes and fungus diseases such as potato scabs, 
dry rots and wilts. 

The people Of Jclhhucmarcai hive succeeded in 
establishing an economiy which satisfies their sub-
sisternce needs. h'leeconomy has considerable com-
plexity and sophislicalion-a highly diversified re-
somurce base, an el borate set of strategies to tlap and 
distribute these resourrces anl a variety of means 
to reduce subsistence risk. Their economy is rela-
lively independent of the monelized market economy 
of Peru and the worll. and their technology enables 
them to exploit this Andean valley without eroding 
the steep hillsides which they farm. These accom-
plishments belie the cinventional descriptions of 
peasants as simple and backward,

Although Andean peasants in Peru appear to have 
successfully adapled to various environmental haz-
ards, neither tlheir agriculture nor econlomy is static. 
Changes are :(:curring from two related directions. 
First, there are in:rease(d pressures within peasant
villages for cha nge. Significant factors here include 
growing populations and rising expectations. Sec-
ond, pressures emanating from the national economy 
of Peru restilt in changes in remote villages like 

Uchucmarca. Examples of these are road building 
programs, market development and the demands of 
fast growing urban areas. 

One change that looms above traditional peasant
agriculture in the Peruvian highlands is the develop
ment and promotion of high-yielding agricultural
technology relatedi to the Andean staple, potatoes. 
Improved varieties, capable of yields two or three 
times greater than those of traditional varieties have 
been available for almost two decades. These vanri
eties predominate in someareas of large commercial 
production, and they have diffused widely into 
remote villages. Agro-chemical technology to fertil
ize fields and control diseases and insects has also 
begun to spread into highland villages, partly due 
to extension programs. The Peruvian government 
and international development agencies initiated 
efforts to increase the use of these high-yielding 
varieties and agro-chemical technologies. As part
of the worlwi(l e demand to accelerate food produc
tion, the International Potato Center was estatblished 
in Lima in 1971. 

The continued diffusion of new varieties and 
agro-chemical technology seems certain in the 
Andes. From an anthropological perspective, I be
lieve that a number of important lessons can be 
learned from traditional Andean agriculture as this 
development proceeds. 

It is apparent that peasants in tralitional villages
have resisted conversion from native Andean potato 
varieties and cultivation techniques to the high
yielding ones for a number of reasons. First, and 
most important to the people themselves, the new 
potatoes do not taste good, and their watery consis
tency is unpleasing to people who prefer mealy 
potatoes. They also think this is true of potatoes 
grown on fields which have been chemically fertil
ized. Good tasting potatoes, by Andean standards, 
are incompatible with heavily fertilized fields. Sec
ond, peasants maintain that their ancestral varieties 
are more satisfactory as food. Information published 
by the International Potato Center seems to corrobo
rate this (Bacigalupo, 1972). Traditional varieties. 
especially Ihe favorite floury textured ones, tend to 
be higher in protein and better illprotein quality 
than improved strains. Crude protein of the native 
types averages roughly 2.5% versus 2.1 % for the 
new types. In terms of protein equivalency ratios, 
which measure protein quality, some of the native
varieties are over 50% higher than the most com
monly planted improved variety. 

Third, the high-yield technology, especially the 
agro-chelicals, is generally too expensive for peas
ant cultivators. Private loans are scarce, and public
loans usually unavailable in remote areas. The scale 
of potato production in peasanlt villages does not 
now justify long and expensive trips to secure credit. 
Moreover, typical peasants are accustomel to pro
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ducing potatoes with little or no cash expenditure. 
In Uchuicmarca, for example, the average annual 
investment per plot is less than two dollars to hire 
a team of oxen for two or three days. Outside labor, 
if needled, is tratlitioiially paid for with the crop 
itself. In coinme.: 1Ipl ,iotion in other parts of 

Peru, per-acre ivet,i-,t.nt is around $175. with 
roughly sti going for chwmica fertilizeirs, insecti-

cities and fungicides. Similar inoestniwnl is clearly 
in %illmis like t ltiiic-heyond the means of pe,snts 

marca. T'h small c,ash resirves lit iost iumseholds 
ail!Inledid (elswhetr: 1 i(h11v Siho l Illifor|l or 

mediVines or t) p1y tot ,iChil ,swe.(ialav e(lcatilln 

iawtay from the villa 1he i(,iirsiuoh ti potato 
oIm-a'i.t. c:relit aidciultivitioi h mlon (:,ish 

,
niarkt-ting pc|tr-ea ItO. shifl i Ih' jurspliclivei 
oif the pea'sanlt. o anl |n ,.t!mit wolld Ie highly 
riskyv, s thilt )! i li",ec mici ,itillwipIh im''i 

11 1 ;)tll1it ilIll ., , s i 

village iikit 'l ik ,tl li''- |111111iiwtiti\'li 
in niirki' c s-,. 1!:w, i e liiit( i llt u in 

P,'ru is highl ' s1,Id -11,li fi,.torn pritil 
thet ahiliy to nimc crdilir ,' dn ,inisi;f,arfrim 
gua|io ii l b 01.| i s aIls inl (11 thi 

x l.-", 	 111d 

I. 	t h | jir dr p thIt 
1|n urtilirsiiii , w (hIi|li-hi tht-| il 00i jl l in 

i<.
tl pilst prll . Ol- ol'd-i.ihl,ih ,. "Iliiti". ut,,ro.i lt %i\ 

oi uiifirtilized wds al will r lt,he vniri-

eties giown on it'ltilize-d ik-l . 
'hisi dr ihe r' s ,.ittl 'v III , i lh i-

selves Im. it lipti. l' ,w pItl,\% lii .1adipi.eSS 

ihemicals. ,mn i ii 0."- lo-wijil. ',%tcii 

dlisi:irn tl. .1,l S 0-t.| hiitvi|1'ii \h\ this s 

the p),,is,trl,. tf | r d fmno1 h.I'(:ti i-, m i hi, 
first ri-ltis ()ii itni , \iluiiriilitv ,vw ,iiiiliw tiow 

I tl 

Mid A i|l'wc|hl iw,'%-, l '+t. 
stpconl|cmictrnq .|11" i \.lltw [,lhiii h i ++l.%-\, 

p,'|<Id 


[Bitiriists lJorii ,'rit ld limbh Iltis hivev, di-
scrihil tihe! highly diirsifiedt 1 ,it t l iimitiv'i ,it 

Andilll p)!iisits is "hoimi'ist0i(t systems-%wliih, 
are fll restlIt (d thiusinls wi if iiiiitil-iil ind 

human selei(ti i'gi.nt, 197tt). l'v irgil 0hat1 lie 
eni:roachenlt of Irlloodil a,,riot!i s in' wiVkiinu m 

destroy the e.olog,,c.ijl vi,ibilit' inhi.rf int su:h 
system griaty ri-ilocimig, lie .'iiiic hs,

i 
anil by

a 

rcplacing local vi-ii-tit-s with foreiii n ones which 
do not share the ability ti crouss-iollinle with wild 
species. If today's sui)sisteiii.i' i.rimrs hicoime| Ito-
morrow's commercial priouci rsil liw-yildiig 
native varieties nay we:ll hiiice ii;iiiiinil asual-
ties. I have observed this replicenient not tar from 

tihucnarcii where lew%, variities ire cMiltivatiod to 
Ithe exclusion of old one~s. Similar losses to ancestrl 
gene pools hit%; been widely reported in ar'|eis wherex 
high-yielding varieties replace traditionial crops 
(Harlan, 1975). 

The loss of this rich 	 gene pool of indigenous 
varieties forces the farmer onto an ecological high-

.
 

( 


wire where the narrowly hased gemetic crop may 
fall prey to a recently evolved disease. Omens of 
such disasters are plentiful: the 1970 corn blight 
in the United States, coffee blights in Brazil and 
th Irish potato famine of 1lt,5. Further reduction 
in the gme pool of inligenous varielies may severrily 
limit our ahility to respond to such genetic dangers. 
Tl! hwIevelopers oif new higlh-yilhing varieties are 

aware of this danger and have countre(l it by 
creating gerl plasin hanks such as thev I IS.. (;.ovrn
ment station at Fort Collins. Colorado, where seeds 
are frozen. Such m tilol s ill,salisfactory. pr(vi(th l 
tht lte seeds remnl viale, under slc(h (:1(nlili ls 

and that the iimchiiiri for kveping them does iot 
fail. Recognizing thilt l itheriol theOsel provisions 
are c(rtilili. has "fre zing" s(eileted!|Iltis propoIl.d 
gOeneti liimilsc,als by seting ,isite "cradl" regions 
where speciifi i:ccrps are off limits to igriculturil 
illp ()Vc'ii l. Suct h , his ti. lthe lerits ioflI' ll 
i|Vi'idin ,.ic:iidiiis such as Vower filor's id it
hmvilow lll ol-going proes:ilss of criss, tilt il 
pol lititii lh.twlil wihl and di liistii:,it l species 
Iti,mitimi. [Fm p)i (ws, tltis (197-1) riecomineinds 
tltilt, ,1dish 	 r liolil Potato l)i veril,1 (t , the I natrrm 
sity Preserv. in til,Lke Tiliciaci hasin of Peru and 

liki the iativi pidati lields. t ecomolies ot 
1iitiiill villages ait. reAltively stlabi if low-vielid
iliv. steills. They Also are prodI icts iif I very loll 

t se-lection which hgali be-fore tlhe Spanish 
i(oiuist. The' idipliooi of niw high-yielini. criop 

it s 111(1 ,gro-i:livi ical l|,ch liigy il|il s oll 

ri'striituiig tiliin l iilt 'il ,| ol n:iiii: pill
eils . (li, sliiIi lit|ltirn lwhich llls diniiliishml ill 

' |, L'ii~~ l f cropls 


|l tlt iphe zoii|-,,. l) ring it-;it ,%rt~ rh ()f I hum lart:i|
 
1d p 'll~tt i<)oi~~t tivlcs mlidl ill 

in 197-t, I t:hserveid areas vlire the shift to ciinme'
il p)i tiii priiluitiii resul d in the lhindonnmeit
 

of liivwr zolis idi crops, espeil:iilly mlizv. This
 
had bteni il c in oirer ti sp(cialize. in Ilivh lro uc

tion of ine crop. potatoes. 'he! aloptlin rests onl
 
specultion concierniing two ;oniditions: first, that
 
the potato market will continu ti be pirofitalie ti
 
the ili that e:onoimichy farmer; second, the infra

structure of rural Peru will Ielable to supply nwces
sary tools, chemicals, credit and technical assistance 
at reasoinable i:osts. Traditional peasant .griculture 
depends entirely ol local energy and Iesources; 

while the new system depends oii external subsidies 
of cash, emergy, chmnicals and other resources. Keilh 
Griffin (1974) notes that services such as credit ald 
rural assistance which support the agricultural noid
ernization are often biased away from the peisanl 
in favor of large commercial produ;ers. Erinistint 
Frankel (1971) has observed the effects of tlhi; bias 
in India where lhe living standards of lhe ldiorest 
peasants have deteriorated in somne areas and where 
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tra(litiolal peasial relationships have been tInder- Harlan, 1. R.1975. Our vanishing netic:rcisources. Sciencu 
mined ifter the intlrod u(tion of alVnted agricutlu1ral lil6111-2 I. 
technology. If these services aiind subsidies fail, the Ihawkes, J,C. I907. The history of III potilao. 1.Roya Ihort. 
peasant may have no alternative but to join the rural Su:. XCII (5):207-24: XCII (6):249-62; XCII (7):21ll-365.

exodus to cilies. 
 Illis, If. 1!974. Frevzing lilt gemoic landsctpo. Maize Geneti:s 
There are Ill-(( lessons whi ch we might (lriiw froin (:J(jtr;ationNows Left(r 41:199-2110. 

the example of lJ;chumir;iias new crop varieties (f Scin:e's. loeti: 

inld adlVince(l technogloy diffuse into 


National A:adnlmy 1972. (;o 'ihiorabiliti' of 
ioreand more matj:rrps.W;ihi tn: National A:ddlumy of Sciences.
 

pealsnt societies. First, developers should he aware tlgil. 1).1970. 'l'libot(i, S:ience 17011 61-i6.
 
of the lolg-ter i,(laptalions of peasants and must
 
strive to'r incorporating these into their schemes
 
for "improving'" peasanl ;agriculture. Thi( new DISCUSSION
 
i:ilgm i llntechnology minst hecogiizilItf anil ill Wendell Berry (Pennsylvania, USA). Is the popula
(ude ative practices which hvllve provi eflastilene lion level sustained Iw.traditional aigriculture in
subsisten.ce bilse and reduced llthrisk. of erosion those areas? Cmld you.. talk ahoutl the traditional 
Secon di, thel!(:'e~iti(i (f' new p ofillo~ vli ei'es Sl ( 1 nlrlhods (If fertilization? 
not be ac:(conplished ;ithe expelse (of genetic re
serves of the older va'ieties. Seel inks mli reserves Brush. It is very difficullt toa nswer the first question
oif native v;irietics shoull hI ll iillorlitilt ptl ()I specifically. As ill most pe;sanl areas, there is net 
thi new igiiriin technology. Likewise, sincie stajili- migration ,iwyv from ill Pertviin highlands. Agri-
Iv is enhamced by having ny vi'r((piees, those ct(ilral prodtuction, sinice it is subsistence produc
wishing to raise vields should illso strive tvviw'd Iioi. is lied to ie levil of' population which we 
maximizing the niumher (If viiioes vhi:h l~isimlts find there. Thert is much evidence tilit the same
giow. I gh quality inative titlei's sliilhl [ot he !ypv(If aigriciilturesuppilted tmuch denser poptula
exl:llle(ht from the pir:kige (If'inirovemeits." ml tioll pre-tlispanii:ali in the areai. 
viells should he in(creased by Ietl-l(ols Witwi thi N(w. as to ntive systemts of fertilizit ion, ih(only
comiplete displluuenl (f these varieties. linallv. itive systems ill the Andes which h ve been going
the plijoinig and finanlcing (Ifthe new rgrm.iil )n sin:e hefre the Spanish (;onqtiest are the use
te(:thil(oIgy must ini:Itl(dit Ilisltl-hiiisv!d inlf'ril-of guano feirtilizer from the coast 111(1, more impor
structlure h1 enosure the provision litlif.cesslry credit, tmlnllv, tile use If natural iniiml fertilizer. In the 
VIltelriills ,In1d issistan(:e to tll()se peaisalnts h( bv- villaigt where I workel the sheep were pennedl in 
:OMP11(:( Vner(;iil pr(ducei's. Willhout this, il-lisils the potato fields elutn the first and se(cond year

risk the danger (If he:(lming lie(d 1()i syslin wvhiclh pernell in on1e field for oine two
or flights. But,
miy flil them ltl rIiilil tliles. genei'all., with the system (If field rotation aind 

'lelpissing of trllitillal ;ulturl-s sti:h Is the shifting cultivatiol. heavy fertilization is not consid
lif(ifd leilsills in rill(ote I;(i'I(If tillh' Anides ifill'ais ere( t lih llo (If the neIessiiry elements of potato(hill fil!t,,,,ilh of,tulurvs ill lile w~u'ld is h(,ss(.Iwd, ct Iti onth.
 

This pIssing srellis inevilahh. %%hil is not inevilde Berry. Do Ihey compost?

is lhe loss (f iilnpirthilnl insighlts 'Ind1rvsmlrctis pos- Brush. No.
 
sesseml hy these trditi~mill (:ull (ris. These lissuns
 
ili' iesseintiul lr till flit ire fdimr hungry plantl. Berr. )1th 
 uSe human wastes?
 
i l'lfure inole nrliin!precu:,iis if thy' irl,lost iiloiig Brush. No.
 
with the (:ultures whicih IhldthIlll. Unidentified. Would conposling occur? 

Brush. That's a good point. Yes, potato cultivation 
REFERENCES 
 starts albove 3300 m. so composting would be diffi

c ig.;+d - I ,l~ (C l ll vt cIl ,a t!po , A . 11172 . N ,i ,'ts U so s d f- II .ralinh iol t . 

Il I'lspi',s t',l" ,.hilop wrili, ed. I" 
l) 

t/11.limiti illd t ' 'I. &. Bob Chapin (M ississippi USA). W e've elen tryingK. I'ren:h, .113-214. Lim.&IInt(tlitm.l I'tdtiah ll1'r. to estimate how mnily acres it takes to support I 
I'm.isi-ci entI
Iru.st.S. Ii. 1975. i Y,gli,:11Ifo4( il (I i'ill)i.. 1fili M ississipian ld we've come ullp with a preliminary 

96.IM.an i((I tiat'ItXXXV:Hai7-( iI. figure of 2.73.,'I((t'trit.# 1wvas quite interested illyour figure
19711. MIII'S I' Inill (t'lI ti t~ix'hl(, ln( I:'itlty.r of 1 I / 2 acres per faim ily isa subsistence level inl 

---... 117t7. A It, icontoi' P'nt(. Philadelolphia: The iavdr ilrid m i high-allitu(le place. Could you tell------ ,1 tn Ill 
lniv.of Itinvil',viii Pltss. ill %hill olher uses of land occur itlthese primitive 

F:.W. H171. Inli' ,vritv WS
I'rikivl. rvtolutin: E tooIt: g.14. areas? 

dolil pIlifit:il t:iosts. I'rii!t:eht: Irit:ihon It i. Iriss. Brush. Inthat figure I d ll not inclde grazing land. 
(trillin.K. 197.1. llhe olitica l cti f i.:ngi Roughly 401% of the land inot n ,'rrian :hi All the valley is used for

vssoitt thlgroivn revoiltion. Cimtridge: HIavard hit'. Press. opel pasturing. Meal consumption is a part of the 
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in the averagediet, certainly less important than 
but that would be a hidden factorAmerican diet, 

in the amount of land necessary and I really don't 

have the data to calculate the amount of grazing 

land in that figure. 

What aout hunting and fishing area?Chapin. 
is not important for suibsistence.Brush. Hunting cultense,If o 	 rBrshngHPlaysgaimino pr 

Fishing plays a innor part. If you calculated in house 
plots you might add another 1/2 acre or a quarter 
of an acre per family. Often small gardens are 

laintained 	around the house. 

Unident they fly
an os 

Unidentified. What (10 they use for fuel? 

Brush. Firewood. In this area. .s inl other parts of 

tile Andes. it's a very rapidly decreasing resource. 

There is virtually no firewood on open slopes. It's 

primarily from ravils and small gullies. 


Edwin Oyer (New York, USA). In regard to the 

the windbreaks and 	 thefirewood, you mentioned 


erosion control. I would hope that these would be 


used as firewo. . and i'm interested( in the species 


if they are part of the farming system. Secon(ly,an( 
going back to the question of the subsistence 	 level 

men-of agriculture and the population balance. you 

tioned that there is an ex-migration from the subsis-

tence villages to the cities. Obviously these people 

still need to be fed and I presumw hey still eat 
gove nment doingpotatoes. What is the Peruvian 

or what (to(you see is the possibility of increasing 

produlction in some place in some part of the country 

to handle this larger urban population that duevlops? 

Brush. One family gets very upset if another family 
c ea si 

t o 
firewood. They don't usually go to hedgerows to 
cut firewood. In terms of feeding urban migrants, 
Peru relies 	primarily on commercial production on 
the coast and in some ofI 

the oas f te vale~sin lieomeandin cntra 
highlands. Peru also imports a great deal of food 
especially wheat from the lUnited States. So far, they 
haven't tapped the resources of subsistence agricul-
ture. I don't have exact figures on what percentage 
of urban food comes from primarily subsistence areas 

but it's fairly small. 	 The question is how to hold 

For a long time Peru has hadpeople on 	 the land. 
fiscal and monetary programs to a tract people out 

of the highlands under the belief they are severely 
There are 	 figuresunderemployed or unemployed. 

topublished 	 in Peru that argue that there is tip 

60% unemployment or ureremployment. My work 

in peasant economics in the highlands indicates that 

the real level of disguised unemployment is around 

6 or 7%, something like our own country. But Peru 

and many other underdeveloped nations have been 

operating under the assumption that this underem-

ployment exists-that you have idle labor and that 

the government should try everything possible to 

attract people out of the highlands. This may mean 

that they don't extend extension services, schools, 
so forth under the belief thathospitals, roads and 

life should not be made attractive in the highlands. 

I certainly believe it is time to start reassessing these 

beliefs and try to hold people in the highlands. While 

the maintenance of subsistenceI won't argue for 
commeragriculttre, I certainly will for small-scale 

cialized agriculture. I think the model tlt tile man 
from Sri Lanka was talking about yesttrday is a very 
attractive one for nations like Peru. 

Earl Leng (AID). I have a comnlnt first, that proba
of my biases, and then a question.will show one 

I don't mean to criticize the organizers of this 

symposium, but we've got all the geneticists next 
door talking about one thing, lhe economics group 
in here talking about another, and we really ought 
to be talking to vach other. I am a plant breeder 

by trade, yet I think tle: question of genetic vulnera

bility has been ov'eremplasized. We had a conference 
New York in the spring.on genetic vulnerability in 

there is a,good deal of concern aboutand, while 
it,the answer is not necessarily in maintaining the 

whole spectrum of plant material and maintaining 

the peasant in his colmpletely underdeveloped or 
is to what it 's he's growing.undeveloped stage 

It is possible. I think. to have adequate genetic 
oe(varietyprotection 	without going all tle way to 

on the one hand or without staying in [lugo tlis' 

state of the ''genetic park" n thile tileother. Now 

quesliton is. what's thle perception of the local vil

lagers about development? Do they really want 

something 7to change in the village where you 	work 
or are thev satisfied with life as it is there? I think 
governments ignore this a lot of limes and I'm 
particularly concerned about this for Peru becalsve 
there are some develorme:lt schemes going on ofoing oliof am w e.Iha era he
there a 

he rather serious reservations 
about whether the( Peruvian peasaints really are-(going 
totke the tile I) er they \,Villh aly dre 
Atall to ( this kind of hing. wul lkeao know 

for llt(village where ,i lhag your experience what 
fhe vile hs'y
the perception is? 

Brush. That's a difficult question to answer. It is 

a dirty question because whether the people under

stand what development means for them is the whole 

of the matter. Yes, they (1o want development.crux 
They want things like roads, schools, hospitals. I 

don't mean to idealize the peasant way of life; above 
of life means a shorter life span,all a peasant way 

harder work, more illness, less opportunity for your 

children and for yourself, and so forth. On the other 

hand, what type of package is presented to ih( 
for them, from a personal pointpeasants? Usually 

of view, development means leaving the way of lift 

in which they were born and going to the city. Many 

(if them express Ihe desire to have development come 

to the village, and yet they seem to perceive 	their 
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inability to do anything about this themselves. They Brush. There are two levels of co-ops in Peru. One 
wait for the government to do something to bring is the essentially state farm co-ops on the coast using
developinent to them. I often won(ler whether their export crops, sugar, cotton, and rice and so forth. 
inaction in terms of developing their own local The other one is an integrated regional cooperative
economies may be a hidden recognition that their plant which was begun fairly recently, only in the 
traditional way of life is a pretty satisfying one. last four or five years, and there are only a handful 
Susan Almy (Rockefeller Foundation). You were of regions in the highlands which have these inte
dealing with a Conquest state where there is a big grated regional co-ops. There was no cooperative 
gulf between the people who would be extension development in the area that I worked in ant I don't 
agents andi :relit agents and all the rest who would currently have enough information to say the plan 
he peasants. The Peruvian cooperative systems looks good. After the land reform, it v is felt that 
apparently haven't worked very well trying to get the land tenure system in the highlands was not 
the Peasants to run their own support systems and a local problem but a regional one. Reform anti 
I was wondering if you have any ideas on what development must take a regional approach rather 
kin l of support system you would use that would than a local approach. So they started with these 
manage to) bridge this if you really wanted to get regional cooperatives. 
into that area? 

18. 
Social Organization of Peasant Farming in 
Mountain Areas of Mexico 
Marielle Martinez 
El Colegio de Mexico, Guanajuato, Mexico 

The Mexican agrarian structure presents a sharply produce 52.2% of the national agricultural produc
contrasting image, with a large poor peasant popula- tion by value, while the 2.6 million peasant farms 
tion, and a few flourishing capitalist agricultural produce the other 47.8%. (Peasant units are both 
enterprises, the private and the commonly possessed plots which 

The latter monopolize the major part of the rich, produce 25000 pesos or less a year.)
fertile, well-watered lands; they use modern tech- But, if we also take into account the distribution 
nology but also employ many temporary workers of the land, particularly that which is tillable and 
in a production process primarily directed towards irrigated, or the producers' access to credit, or even 
the satisfaction of the international and the high-in- information on the general infrastructure (communi
come national markets. cations, electricity, schools, commercial facilities, 

At the opposite extreme, the peasant families till technical advising, etc.) developed in each region, 
small plots of mostly "temporal" lands, with a rather we would then recognize that the key criterion for 
backward technique which sometimes does not even a comparison between the capitalist and the peasant
include the plow; they devote a large part of their farms may not be that of efficiency, but rather the 
production to their own consumption, with the availability of the necessary resources. 
remnant-which is not necessarily, and not even For instance, the capitalist units, which represent
usually, a real "surplus'--being sold at the local ed 3.3% of the agricultural production units in the 
market. 1960 census, used 42.7% of the tillable lands and 

The 100000 production units which may be 69.1% of the irrigated ones, and owned 75% of the 
classified as capitalist (those which produce more total agricultural tools and machinery value. In view 
than 25000 pesos a year as reported by the V Censo of the enormous concentration of lands and capital
Agricola y Ganadero carried out in Mexico in 1970) they benefit from, their share in the value of the 

national agricultural production (54.3% in 1960) 
''he lempral lanms ac tl irrigated and can he Cultivated only does no longer appear as such a good performance, 
during the rainy season (May-O:loubhr). and even suggests that the average capitalist unit 
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is less careful in exploiting its resources than the 
peasant unit is. (Although these figures, estimated 
by the Centro de Investigaciones Agrarias (1974) for 
1960, have not been applied yet to the 1970 census, 
the available data cn the land distrihution process 
until 1968 show that they depict the 1970 situation 
accurately.) 

There is 10) adequate information for a quantitative 
analysis of the access to credit, in terms of capitalist 
and peasant farms. However, it is well known that 
the general profit-seeking character of the private 
credit institutions and the prerequisites they impose 
on those who apply for a loan (presentation of legal 
documents proving ownership of the land, ascer-
tained solvency, etc.) reduce their potential clientele 
to the medium and big capitalist enterprises. 

The official agrarian kanks, on Ithe other hind. 
are meantl to lend money to the "ejid.itirios" who 
possess bilt do not own their phlt. and to the small 
private mners. hy rcich onl a small part oif them. 
yet, aId mostly agrete to short-ru loans, which help
their clients to survive indebtedniss fm one year 

to anilloher, more than to invest. 
The institutionalized credit systemqn is. then, un'ible 

to assist the bulk of the poor iruers, who hive 
to rely on the usuriious loans and,/iir to sell their 
products it any price to the local inerchants. 

It thus appears thtl we should think ift the i:ipitla-
ist and the peasant tirls is tlwo cmimpltely different 
kinds of sociall mid ecmimili: organizatimlil units. 
Both the quantity arid quality of their resouries 1:1e 
dlistinct, as the result of their different rililive powe. 
positions in the process of ,ipproprimitin of these 
resources. In addition, erch typi ofI' unit has its own 
criteria about the best way to exploit what it has. 

The capitalist entrepreneur observes the market, 
gets the necessary inputs, comhines them according 
to the technically most adequate proportions, and 
tries to maximize his investment to earn the highest 
profit possible. 

On the other hand, the peasant family exploits 
its small plot, applying lh(,hest of its own labor 
to it. and usually consuming all or the greatest part 
of its product; its production is often not large enotuh 
to support the family all year, so the peasant thus 
resorts to the temporary sale of his labor force to 
complete his yearly income. In a word, we could 
say that the capitalist entrepreneur seeks a profit, 
while the peasant farmer just tries to subsist. 
How can two enterprises of such a different kind 

and purpose coexist? lhow can they confront each 
other in the same market and receive the same price 
for their products, without the weakest one, the 
peasant farm, being destroyed and wiped out? To 
what does the peasant organization owe its historical 
permanence, and its ability to survive in such dif-
ferent social and political systems, in so many times 
and places? 

The scholars generally rely on the great internal 
coherence and the relative economic autonomy of 
the peasant unit to explain its capacity to withstand 
heavy tributes or taxes, and to withdraw upon itself 
during the most violent periods. The story of the 
Mexican peasantry well illustrates this ahility for 
survival, and also its linlits. 

'lhe Spanish conquerors turned into their own 
the tribute system imposed hy Ihe Aztecs oiltheir 
dominated neighhors. I lowever, they exaggerated 
their spoilage to such an extent that the Indian 
population-and with it. the tributary systeml
collapsed. It has been estimated that the Indian 
population of Central Mexico nt mhlered between I I 
and 25 million in 1519. date ot the Conquest, and 
was reduced to one million eighly years later.: 

The Spanish then had to settle (lown iasproducers
 
ihimselves. and they did it mainly-in the rural 
area-through the Creation of the Ilaieilla. 

The haciendas were rather versatile enterprises. 
with a peculiar mixture of feudal and mercantile 
features, which varied according to the region and 

to the fluctuations of the exter'nal and internal 
markets. The haciendas were created and expanded 
al the expense of the Indian communilies. They did 
not takeaway thetpeasall produit as did Ihe tributary 
system. hut directly expropriatled hetpeasants' re
sources: their lands and their labor force. The ha
ciendas partly ise(d freely hired work, but the hulk 
of their manpower was the impoverished peasants, 
attached to the estate as "peones acasillados" (peas
ants legally tied to the haciendilas, and obliged to 
work on them, illa very feudal manner) by neans 

of hereditary dehts. 
On the eve of the 191() Revolution, nearly half 

the peasant population of 6 to )10million was under 
the haciendas' control; half i million maintained 
their lands and communal organization in the 
mountainous and isolated states of Southern and 
Central Mexico, such as ()axaca, Morelos, (;uerrero 
and Michoacin, while a similar number privately 
owned small plots or rented the neglected marginal 
lands of the haciendas. mainly in the states of Jalisco, 
Veracr-uz, Guanajuato and Mexico. 

This geographic (islriliition of the socir-economic 
rural groups before Ihel Revolution largely helps 
explain the present regional differences in the 
agrarian structure and the impact of the Agrarian 
Reform. 

he Agrarian Reform was legally proclaimed in 
1917, but virtually unobserv'ed until the Cirdenas 
Presidency (1934-1940). After the great impulse he 
gave to land distribution, there were another twenty 
years of a nearly complete suspension of activity 
in this area, associated with a politics of costly public 
investments-particularly irrigation programs

-W. Iorah and Sb. Cook, Iim2-fi3. 1).5. 
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which mainly favored the privately owned areas (the 
northern and northwestern states). 

The growing peasant discontent obliged the last 
thre( presidents (1958-1976) to resume the distrihu-
tion, and in 1970 (date of the last census) nearly 
70 million hia hadIbeen distributed betkeen 2 million 
peasant families, composing 22000 ejidos. 'rhe Ejido 
refers to the common possession of an extension 
of hand bly a group of peasants who live in the same 
village. This land usually comes from the partition-
ing of an hacienda. As a rule, each ejidatario(ejido 
meniher) works by himself oii his plot and has 
exclisMi , property on his producl, although the lands 
of a few (jidos are collectively cult ivated. The plots 
in the ejidos are usually small; most of them are 
not irrigated, and they are often hilly and eroded, 
Their average size in terms of "lemporal" land is 
4.8 	 ha, with I ha being naturally or artificially 
vatere(l. These condlitions, l)viously, only allow 

for a pleasanyt type agri(ulilre. 
As a matter of fact, it seems that the whole of 

agrarian politics in Mexico has, as its main purpose, 
to help stabilize a (ouble striclure in the rural areas, 
wilh its prospeiroius capitalist and its poor peasant 
sec:tors. 

'he C:pitalist enterprises spe(ialize in the highly 
profitaleh, pr(du(;ts and exports. peasant sector,phe 
on lhe other hand, first of all feeds and retains in 
the c (:O t rysie t large population that industry 
(:old(I not employ; its production also contributes 
to the provision of the workers and poor uru'ban 
)o) u la tio n : fin ally , m o st pe iasa n ts se ll, for a l e 

to'rnilvlow 	 for ti ex-
Irem ely how wage, their labor force to the capitalist 
enlterprises which need many workers in the peak 
perio(ls of the agtrictul't ral cycle. 

We must interpret the peasant sector situalion lioth 
as an exlpressioln of the inner organizational princi-
ti)hs of its pri)doclion, and as an answer to the social 
and ecolinomic conditions thal lthe capitalist syseir' 
imtoses (on the peasants. As we wenlioned ablove, 
Ihe virltuallv self-enclosed character of the pelasanit 
pr()(ol(:tion 1d (()onSUml)tio lilt operates its an 
essential self-d(efense mch~inism: but it also repre-
sents a serious weakness when its resources are 
limited. or whmen the unit is oligevd-as in the 
capitalist systeni-t) participate in the nimarket. 

The tpeasant family does not look for profit; that 
is whait assi res its continuing participation in the 
markel despite the most unfavoraleh conlitions it 
has to endure. Bll Ihe same basic feature which 
explains the s):ific rationality of its produ(ction 
(i.e.. lhe facl(;t thai the owner of Ihe means of pro(doc-
tion is also the direct plrobuer or, in other worIs, 
the loss of contradiction between Labor and Capital), 
(letirmies ailso its inahilily to (:,, pete, and even, 
in many cases, subsist, in a cipitalist-dominated 
environlmnl. 

Ihi li heir inner norms, and the imposed limitation 

of land and credit, drive the peasant farms to a 
technically inadequate use of their resources and 
to a low level of production. The market system 
(and specifically, the price mechanisms) impedes 
any internal accumulation of Ihe surplus product 
(if any) and channels it out, towards the commercial 
and industrial sectors. Finally, when the peasant 
works as a temporary wage earner iin some large 
agricultural farm or in the construction inidustry, 
the economic pressure he suffers, the large supply 
of labor offered, and the (complement his own pro
duction provides to his maintenance, urge him to 
accept very low wages. 

We may, thus, observe a peculiar and yet, in 
Mexico, common situation, in which the peasant, 
in a self-sustained process, employs himself, tempo
rarily but recurrently, as a wage earner as the only 
means to avoid his complete proletarianization and 
to maintain his peasant status, 

This last mechanism would constitute, together 
with the partial expropriation of the peasant re
sources and the relative "devaluation" that the mar
ket system imposes on his product, the main eco
nomic channels hy which peasant agriculture con
tributes to capitalist accumulation in Mexico. 
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DISCUSSION 
Haluk Kasnakoglu (Ankara, Turkey). You paint a 
very dark picture anld it's a (lark picture hecause 
there are no apparent overt conflicts in the system 
in your representation which will force the system 
to force its boundaries toward new structures. It's 
a very stale system and I think your last comments 
about the polarization of the masses, the agricultural 
masses, is indicative of your line of approach. I will 
debate thai, mainly because I disagree with your 
starting point. You claim that the basic criteria of 
comparison between the capitalist farmers and the 
small farmers should not be one that is hased on 
efficiency iul one, thai is blse( on the availability 
of resources. I completely disagree with you-it 
should be based on efficiency. I will explain with 
a couple (if comments where y(u contra(licted these 
statements. Let me say initially that I really have 
great faith in the farmer, small or large, the (complex
ity of their operations, and the matter-of-fact way 
in which they go about performing these(operations 
is Ihe blasis of my belief. You said, for example, 
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that the small fariners use(d their land resources quite 
well but they used their labor badly. At the same 
tio you said that they used family labor intensively. 
Now, this is a simple matter bec;ause it is the factor 
proportions that are available to them, so I don't 
think you are consistent in making these two state-
ments simultaneously. Maybe it would be better if 
we defined what efficiency is. Efficiency is making 
the best with what you have and I'm sure hoth the 
capitalist farmers and the small farmers are making 
the best of what they have. It is a basis for survival. 
However. the problem is this: What will happen 
if this system is (list urbed?--like what is happening

i with the technologic~al develpmentsill Mfhxi:o 


coming in? Can we that the small farmer,
who in m opinion pris ,n ffjc t ar d a ri nl 

producr, o is an efficien 

producer, will he able to adjust without great con
flicts, without great compe'tition with the large farms 

to a new system which allows him to produce ore? 

In other words, if factors become availahle in your 

frame of reference (10 you think the smlI farmer 

will succeed in increasing his level of welfare, or 

will there be a (:onfli:t situation? 


Martinez. Vell, I think there are two basic teatures 

which could determine the economic behavior of 

the peasant farmer. The first may be the shortage 

of resources. I mean land and credit, not labor force, 

and the other is the organization of the peasant farm 

and its purpose when it is pro(dt:ing. You said both 

kinds of enterprises, the capitalist and the peasant 

one, are looking for survival. I don't think the 

(:apitalist entrepreneur is looking for survival-he's 

looking for profit. 


Kasnakoglu. Which is nwcessary for survival. 


Martinez. Well, not exactlv. The capitalist entrepr'-

neur could be a farmer and (;ultivate, himself, the 

land and he would survive, maybe, rather badly, 

but he woUl(1 survive. 


Kasnakoglu. I'm not talking about survival of indi-

viduals, I'm talking about the survival of institutions. 

Martinez. Then if you were talking about the use 

of labor force it's an intensive use in the peasant 

organization and I said it was technically inadequate 

because of the very low remuneration the peasant 

gets for his work. It's not, of ourse, labor forces 

available to the peasant farm but it has a cost, maybe 

not a monetary one, but the peasant has to live and 

his family too, and if he employs too much work 

on his plot, he will get a very low remuneration 

for his work. That's why I said it was too intensive 

for the comparison with the size of the plot he has. 

We were talking about efficiency also. In the use 

of land it doesn't seem that capitalistic enterprises 

are more efficient than peasant ones. On the contrary, 

some figures which have been calculated by the 

Center of Agrarian Investigation in Mexico showed 


that the use of lands is inuch more efficient in the 
peasant areas than in the capitalistic ones. 
Kasnakoglu. When you talk about efficiency you 
have to talk about the totality of operations and not 
individual inferences-their combination infer
ences. What about your projection? 
Martinez. About the general situation, we have to 
take another daimension which would be the social, 
p
political dimension. In Mexico there is a very large 
peasant population, and a national population which 
is growing very fast and there is no more land to 
distribute. Even now, there is a shortage of land. 

In the c:ountry, as a whole, there is a great deal 
ofunemployment and I don't know what the peasant
could do if he didn't stay on his land and try to 
cultivate it; there is a lot of migration, but they go 
to the city and they don't have work and it's not 
a very good situation. That's why I draw a very 
pessimistic Picture. 

Alex Tanis (Haiti). One of the gentlemen asked: Do 
the farmers want some change? I will answer in 
a very positive way. I viii say they really need a 
change, but speaking from my own experience, I 
would say maybe not in an occidental style, because 
we in the developing countries are dealing with 
peasants who have no education and I think that 
this is the reason why most of these international 
agricultural improvement programs, most of the 
time, probably fail-i-beca t+; they have ignored one 
of the basic principles of extension. You must start 
from what the people have and improve this situation 
just step by step. But most rif the time reformers 
want only to apply very advanced and very sophisti
(:ated techniques, and this hurts not only the feelings 
of the peasant but his social and economic: way of 
thinking and acting. I would add, also, that even 
the governments of these developing coontries want 
to change but we have to take into consideralion 
that the future of the land in developing (:( ntries 
is in the mountains. So, the governlments of tlese 
countries are faced with a very huge and complex 
problem. And taking into consideration the lack of 
means to achieve performance, they prefer ti (on
centrate their resources on low land which is easier 
to improve. 

We must first gain the peasants' confidence an( 
also we have to insure their active and efficient 
participation in the pro(cess of developing, otherwise 
it is a waste of time and money. 

In high land, in most of the developing countries, 
they grew only export crops such as cocoa, coffee, 
and pineapple and we know that the marketing of 
these commodities escapes the government and 
farmers themselves because it depends u1on the 
price in the international markets. So I think we 
are dealing in a vicious circle. So as far as I put 
this principle, the marketing of these (:ommodities 
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depends on international prices and market. I would They are the type that we offer to large Americanlike to have comment on this. enterprises which sell fertilizer, seeds, and technolo

gy, whatever they need, andMartinez. In Mexico a lot of peasants work to they are ohliged topro- sell, for instance, to Anderson-Clayton, a very well(Iice coffee and sugar cane. But the sugar factories known enterprise in Mexico, and the producers haveare in the hands of the government so the peasants to sell their production to these enterprises. In thatin that case have no marketing problem because case, it's multinational enterprises which are inthey are obliged to sell to Ihe governmenl factories, charge of the com roerical izat ion and of coutrse itForilhe coffee, now there is a central instilute which has very good profit. When the producer is bigbuys the larger part of Ihe production and lhe enough he gets a very good profit with his producintermitional price problem is only reflected on the tion, too, and the bigger agricultural capitalist enter
peaisant production and the peasant income by the prises in the north and northwestern states in Mexicosale of that product. They have no influence over are flourishing, but there is a part of their profitthose prices. In the colton and tomnato and onion which goes to the multinational and every kind ofexporls. the other three main export products, it's marketing enterprise which is not in the peasants'
i ainly capitali.-tic enterprises which produce them. hands. 

19.
 
Sociocultural and Agricultural Organization in
 
Hill Lands in Kenya
 
Susan W. Almy 
The Rockefeller Foundation, New York, USA 

In tIis (;onferm:e we art! considering four factors definition of a household. A cultural structureinflt ncing agriculture on hill lands: the physical a 
is 

general principle of human behavior which ischar cteristics of varth and sky, the technology widely accepted within a group. Knowing the strucal)lied t; these, the economics of the interactions tures behind specific practices, we are able to estibelween Ihe two, and the sociocultural systems that mate what is most susceptible to change.both derive from and shape individual and group A structure is not unchanging, any more than isdecisions on tech nological choices and econonic: a single custom. although it is less likely to changegolIs. without warning. The Imenti concept of the house-I will discuss the evolution of agricultural systems hold (of which the permanent banana grove is aillong I hill l)ieol)he in Kenya, ias if you were a symbol) is changing to adapt to new settlementstranger piannirg to work in the area. I will stress patterns forced by increasing population and gov-Ihe inttrrelations l)twetn social and cultural strut- ernment edict. Knowing the goals behind this conlures and iigrit:tultural systems rather than establish cept andi the resources available now and in future;onntv(;tioins t)etwen it few isolated customs and years to achieve them, one can guess at the waysstshI(:hd agriculturaiI practic~es. I (:oul tell you that in which the concept of a household will be exthe linenti of Ktnya prefer that it bananai plantation pressed in the next generation. But in changing that
Ie cultlivat!d for at least 50 y'ears before it is replaced structure and the available resources that generationby n~vw plantings, because it reprtsernts stability of will learn a somewhat altered set of goals, andfamily line from grandlfathtr to grandson. B3ut you. therefore 
its 

prediction of a structure two generalionsa non-lnitni inthrvsled in working with Imenti hence is risky.agricultluralists to itnprove their long-term yiels, Another facet of cultural systems to remember isshotld find it more useful to learn that this specific that different groups of people choose differentcuistutn is part of a wider community-enforced con- aspects of behavior and attitudes on which to imposetern with groundcover as weil as part of the cultural structures. The Imenti regulale the care and use of 
trees, hut they have left the deepest religious matters 

(Note: This research, tuui nt ihte .tillysis, Wvs t:tdltittl prir tip to the individual. We Americans have regulatedt my affiliation wilh ihlt! Rotckt!felthr Fotuntiit n t,tid'r the provision of it weekend, the same oneit NIMIII/NIGMS grainn.) or two
rest days per week for almost everyone, to reinforce 
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family and friendship ties, although it is economi-
(.Llly disadvantageous, but we leave most energy 
conservation decisions to the individual consumer. 

The 80 000 people of South Imenti Division,' with 
the approximately '120000 people of North himenti 
Division, represent the ore area of Meru District 
and of the Meru tribe, one of the largest ethnic 
groupings inl Kenya. 'he lnenti live on the lower 
slopes of Mount Kenya. which rises 5 200 il above 

sea level, between the altitudes of 900 In and 2200 
m. Their farms replace natural vegetition that varied 
from moist montane forest above through moist and 
dry inlermediate forest to s.vannih woolland helow. 
They are borderedlon the plains btdow by ia relahtd 
group of Meru. They grow tea. coffee, tobacco, cotton, 
sugarcane, wattle (a tre fro)i whsr hark tannin 
is extracte(l) and, recenttly. pyrtthrtull folr sale: and 
imitize, millet, a wide varetv of a),1n,1ils nd hlume s. 
and many lesser :rops for sale ind borne ;olnsump-
lion, They live oitlis[)trstd firms ivtr,I'in' two 
ha of hind per fanmily. the titvrigit tinily (onsisting 
of 8.I ' - irt yt'ars orpersons. ofwhto 4.3 fiftetli 
younger. Tereta few non-i-ru. alnt tvn nomi-

inenti, presentt in the Division. Imnti farmers tn-
gage in continuouis t:ulti'tiont or Irhtr-ttn fallow 
depending ol t1w altitut' aid su)l type, r,tr.ly 
pOssess all ilgriculturall t ld molt tmlplt than the 
hoe (which is itself fairly r:itl. vet use irrig.tion 
and terra:ing and h,ve Amiost triitrstllv ,Iptetd 
the use of fertiliz'r, nti inst(cti(:i(ht on .,ilult,crops. 
Their (attlle. gotis. ant sliep grizi, o tet- radsids 
and ill fallow and public fields. Whtre grazigl has 
become insufficient the, owners bring tret I.tnches 
and grass to the livestotck. (;rCat t:are is taken to 
keep the area heavily woodet. 

The traditioaial idministrativemiati politi(l bound-
aries oi the Imenti . iC(et)tet by the British c()lonil 
authorities, have been stee ) river valleys. 'The Imenti, 
with the other Meru. only came tt Mount Kenya 
some 250 vetrs ago. trekking several hundred miles 
inland from the coast over i peritod of seitral 
generations (Fa.inin. 1970). They were part tif ia 

vast anti slow migration(of petplies tht h,td started 

from West Africa at least 1 500 years agJ, iantI had 

taken tip the cultivation of baninis so that Ihey 

could survive in the tropical rain forest of' th Congo. 

The Imenti were the last segnment (if a group that 

had moved from the Congo to Tanzania and Kenya. 

They settled on Mount Kenya's eastern slopes at 

about 1500 m altitude, where the temperatures and 


'This was in 1971; protilty wy ,io! !100(0 ttdy I am using 
"Irnenilito describe thret vefry cltstk.y rthttd groups that are 

likely to :ontint!e to grow clseir tortgothr rilher than farthvr 
apart. Over two-thirds ttf both divi,-sions ire " tat' eltin.ili,i.., 

belong to that older politit.Icgrouling. A Division is the Ke uyayan 
administrative niit below i Dislric:l and is rotughly ,tnahtgotis 
: a COUnty. 

rainfall were agreeable, soil fertility high, and mos
quitoes and tsetse flies relatively absent. 

As population increased, theil ienti began to herd 
their livestock in the ;olher area ahove the homestead 
zone, and to plant ann ual crops such as millet aind 
heants above and below this zone. Food was thus 
p~rotluced up and iown the mountain slopes and 
brought to the central zone for constimption. Because 
the river valleys were st deep, ind often inlpassable 
at homestead level during the r~iins, faimilies estalb
lished between a pair of rivers were st apart its 

i a single political and economic unit. The colonial 
gtvernment recognized these divisions anti nore 

or less followed then in creating the administrative 
units that persist today. 

Iln the l'95)'s, however, just prior to Kenyan 
iidependenct. the govertnment began a land ieform 
lI'otess in the District which profoundly altred Ille 
ecotnmic structure uiiderlyiing these units. In accor
dance with the British modlI of good hushandry, 
the govetirnment assigned land titles to ll idult males 
then farming, and consoti(lated All of atfmily's plols
of land into one contiguious holding. Where. before 

an old man. his sons and their wives bad culltivated 
several plots in each (o' Ihlt, three zones id brought 
the pro(lut:! hick for joint (:ollsumiption, now eich 
couph \'its given ia single. large plot ill ttt Zone. 
This procss was hegul in the norlhwvst of tile 
Division in 1962 and wis jLst biig (tml)hte(l when 
I left in 1972. li.m ls were tllo:ittetl tin the tasis 
tf tresent farming use and prohibh ieeds tf imature 
sons, judlgments beintg milde y ct(mnitnils of relprt'
se-ntative lers in each suhunit lntil sujtct to ;Itpteal. 
The prtc:ess wais quite fair. judging hy the prtsent 
dtistribution tif lnd aiong village Iladers idt orti
nary citizens, but tended to penalize young f,iilies 
just beginning to cultivate antI stultinits wlith were 
already overcrowdetd. 

Although theorretic:ally a family c:ouldl hiave(! re
maiiwe( tlgether, the stns relot:atitd in svparat zones 
knew that legally they nt longer hal right to clim 
lro(lu:e, from eich oithirs lands tor to a)ssuni Ihat 

they wtoul be Alowetl to cillinue to live at tlhe 
original htiwstead. It \wis siafer to establish lheir 
own honesteads anti to Iry to dv'elp soinmething 
approaching self-suffic:iency wilhin a single zone. 
It is probabh that this situation would teveitually 
have come to pass ianyway, its increasing ptpulation 
and family spits were ulady )i(eer'sforcing stme 
to try to establish homesteads farther upihe moun
tain slope. These pressures may have provided a 
reason why Ihe Imenti did not opposellthe reform 
as strongly as did their neighbors on Ihv mountain. 

,13,!the reform did hasten the l)ro;tss. not only 
hn:ause of tilt. legal fiat blt also Ie(:nuiise Ile British 
a e r K 

governments felt obliged to help 

the settlers in new zones adapt to theii environments. 
The malarial mosquitlo in Ihe lowlands was substan
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TABLE 1. Agro-economic differences between tially reduced, aid was given in clearing fields andthe zones in 1971-72" roads, and crops cultivable in the cold uplands were 

Upper Midl Lidentified and promoted.
liII /oliv Zone Zone The results of the reformers' simple decision to

consolidate lands were a new family structure, new
I' n crops and cropping systems, a more active marketing

olllisitivs:' 

M,,dia ha f,irolld or owiiind 1.0
2.4 2.8 system and much greater individual insecurity. Pre-Mvl, hi I.0imid of. iwied 3.4 2.4 4.2 viously sons had re mained at home as farmers andMi'iian hioscihi l iienimws per built their homesteads close by as their own childrenh,, 2 2 3 1 1/ matured. Now many had to leave home. Parents 

compared the numbers of their hectares with thoseI.,:,dsck: of their immatuire sons antd began to plot ways tohi,,schr,,ls owning one or put excess children through school in the hope thatnotr,, 69 63a 40 they ould later find jobs. Land less educatel sons1Il,I ,ii:k:.ii iiihir iwn ei 
lii. 

2.4 2.5 4.0 planned to find jobs to earn enough money to comehI o'.t rri:k:' back and buy land for themselves. Family planning,
,is,, (l 53s 23 introduced seriously only after my departure, hashf l,.,i i il.,,iu o,.iui 3.1 1.1 1.U reportedly caught on like wildfire (Greeley, '1976).

m,,.ip ,.,i,,ii: 'lthe upper zone has changed the most radically.
hwh,,ls %%till ,my, such 67 51 39l Althoulh farmers try to maintain maize and bananashoi.ihils with ti,!or more there, these crops do not do well and Ile main staple

r,'11.,1 w~l-paying joh 31 30 24 is shifting to white polatoes. Cahbages also growIIlii, . very well, and both of these foods have begun toSi..'hoits owning I,.ihi roof 35 44 16 be eaten by families in other zones as well. Althoughho,hn ls ow ig iiitll 1 much of the upper part of the area was cleared by
ir wioli'lle-w.chhiit hone 1 5 1 the British for militarv reasons (luring the war for

CI(h1St.hs ' ,independence, 
on(:e cieared it was immediately in

l, 71 11 0 vaded by bracken fern, , long-rooted weed requiring
solio, 9151 57 much labor to extract. Most larger homesteaders have

.h.. 0 37 5o put part of the land into trees producing wattle ani 
1.lon 0) 21 firewood, and have(! abandoned tip to a half of the0

li.izi, 42 59 78 renainder to fallow unlil the' have enough grownhush hii,.s" 22 50 ll sons to help (lear it. Upper zone households havemilhhlt 1 7 31 to spend the largesl amounts on food (especially
CO,'pf,'s 1 H i 1i mnaize, bananas, and beans), but they can afford toia,i IIis 5 27 14$'diis do so heciause the produce of their zone, particularly

7 167I,,s 27 14 7 tea and milk. is now the most profitable in the region.i..ti'iil. 27 6 2 These two pro(d uicts are each supervised and market\i,,i food crops relmried sold 1.4 2.0 2.9 ed by a special society. Most tea inputs are obtainedFI"d I pIot hises: oil credit, and even atpoor farmer with a half-heclare1ihis4eihlts Itiying of land in tea cin achieve sufficient income fromili.lizie W) 115 75 the crop to l)rovi(le for i family of eight. Better-offIhush Iiiis 74 if; 59 farmers that look good redit risks can get loansI. Ihit ,, 1 211 29 to expand dairy operations andi buy improved stock,".iIdrop piuihilsings: and because there is less risk of disease and more 

cow peas 22 21 1' open land than in the nlidtlle zone, herds are larger,liiliili,is 34 13 healthier, hetter-fed and more prodiuct ive than else$vmls 17 7 where. aldlw3 Tea milk accounlted for 42% and 37%
Ioti loes 463 211 25 respectively of gross cash incoie fron farm activities:Cihhiiges 11 12 in three saml e households (Aliny, 1972) from thisAvg. nl cish ii'coni, zone; the fourth was a yoting entrepre~neurial couple

iIuS $)' 1115 2111 1.14
 
l'isirlliii l iulsedoil questiioii 
 ires from 540 farm u iseiohils coditions. They pride Ilhrie ti five liiines inure milk thaninill Ilialities. i, wi and have ilniost is giood isis resisiaince."'Ilius figures hiv, beeii Iriusiiil l ito li:thiis hut wir lt  .nun"o = Ilaseciln vidgbaris

oiliicled ii illi iiill local iliiisiir!iniiii uiiits (acres).riuu Ii, " hniuoriko" = Viloena tiinicuilila
"IIli piriivedii stoik ari cross t~ viitn I lit! l o b ii ndritish 'After agricuiltural aind other production costs paid or redernedstick whicih hiuve himiil iiicipiid iuvvr suvuri pnellulraulioils ti Kenlyin in ciash wire (iiidiiitmu. 
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engaged in a wide variety of short-term enterprises 
while they began a tea plantation. Tea probably 
would not have become a major crop without the 
relocation of households, because it requires the 
daily year-round attention of at least one person 
(for a small plot). Potatoes and cabbages almost 
certainly would not have becomne staple foods with-
out the perceived need by the relocated households 
to supply as much of their own subsistence as 
possible. At present this zone is very well off. but 
its prosperity rests almost entirely on the prices of 
tea anti milk, both fixed by the go'ernment, and 
were these to iluinmet, the area would be in deep 
trouble. However, because the climate is relatively 
temperate, mainv well-researched possibilities exist 
for cash crolps. In the year I arrived, pyrethrum was 
introdhuced into the area, and the demand for seed-
lings soon exce~ded the supply, 

The middle zone has modified its own productive 
system as population has been drawn off to the other 
zones. eliminating both internal family sources of 
tood from those zones and labor needs for them. 
Maize and c:offee areas had been expanding for 
decades but seem to have been stimulated to a further, 
and final, expansion by the change in land tenure, 
at the partial expense of banana and vai groves, 
Coffee provided 53" ,Uof gross cash income from farm 
activities in four sample houstholds. with house-
holds from different microregiions specializing also 
ill tea, tobacco, beef cattle and yams. Most house-
holds in this zone are reducing their herds to one 
or two cows. now that their access to free forage 
has decreased. Food expenditures are absolutely 
lower than in the upper zone but relative to income 
remain the same. The middle zone is also c:urrently 
middling in cash incomes, and has experienced ia 
drop in cash income over recent years its the price 
received for coffee has declined. They have not yet 
adapted to this decline, anti many people were still 
spending very close to their incomes, in the years 
I was there, on a variety of non-vital consumer 
luxuries (better clothing, meat, better housing). Ex-
cept for this problem of reducing living style 
expectations to current incomes, middle-zone 
households do not have to deal with the possibility 
of a sudden decline in demand or price for their 
most important products, unless the government 
takes the unheard-of step of ending its coffee pro-
gram. Most of the other products sold from this zone 
are marketed through channels and have stable levels 
of supply and demand. 

The lower-zone households have established new 
banana groves where previously there was little but 
annual crops and fallow. The farmers have brought 
coffee as far down the mountain slope as it can 
possibly grow, confounding government dicta of 
feasibility in the process. Tobacco is also being 
planted farther down the slopes than previously, 

and probably in greater quantities than before he
cause of the greater need for a lower-zone cash crop. 
The government does not recognize tobacco as it 
is grown in Meru as a cash crop, as it is not of 
cigar or cigarette quality. Trying to find a cash crop 
for the zone, authorities have used a mixture of 
coercion and promotion to introduce cotton. Cotton 
requires a heavy investment of both materials and 
labhor to produce an adequ ate return, and there is 
no institution similar to the tea or coffee societies 
to assist with credit and supervision, so cottoi is 
limited to a single area atl presenl. This iarea has 
a localized farmers' society which was set up to 
assist the settlers in land clearance, irrigation and 
roads, and which now provides tractor service and 
narketing assistance to cotton growers. In 1972, local 

agricultural agents were c:onsi(lering how to provide 
services to cotton firmers outside this area within 
the twin constraints of lower honlestead densities 
and lower cotton prices. 

Most farmers in the lower zone rely on a coinbina
tion of food crops and a little coffee nd tobacco. 
Among the four samlple households in this zone, 
coffee tri(ihd 3";3 , of Iotal cash income. tobacco 
19%, and bush beans and cotton 17";. each. Farmers 
sell small ilaounts of the full vairiety of traditional 
foodsttffs in the markets farther up the inointain 
and grow enough to iavoid having to l)urchse. 
Households in this zone can assure themselves ()f 
subsistenlce most (f the lime regiardless of inarket 
forces, but, with current technology, cannot obtain 
enough cash to purchase the improved housing, 
education, and other luxuries that make life easier 
and healthier for their upland cousins. The lower 
zone is also low enough iin rainfall to he sonewhat 
susceptible to the periodic droughts. To averl this 
problem, the British required the planting of cassava 
as a reserve crop. The Imenli don't like cassava as 
a food, and most lower zone fkirmers depend onl 
securing enough rain to raise millet insteal. In 
normal years some of this is eaten and some marketed 
in the lower. drier plains where (ite peohple have 
n, had the opportunity to acquire a taste for maize 
or bananas us staph foods. 

Behind these (letailed descriptions of changing 
agricultural systems in three zones lie four contiinu
ing goals of the Imenti farmers: first, to provide for 
basic food supllies within the household; seconl, 
once this is achieved, to locate aicombi nation of 
crops that w:ll bring iin enough cash to ed ucate the 
children and pay for inicreasingly luxurious forms 
of food, shelter, and ( tclohing; third, to keep at least 
half the cultivated land in permanenl or perennial 
crops; and fourth, to maintain livestock if at all 
possible. The first, third, andi fourth objectives are 
related to the traditional division of authority and 
status between the sexes. The woman of the house
hold has been responsible for annual crops and the 
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feeding of the family; the man for the permanent councils of older men who judge cases, determineand most perennial cropsand the livestock. Woman's policy, and negotiate where necessary with spokesstatus is tied to her ability as a family provider; people of younger men's and women's groups. Loman's to his alhililies to contribute sugar cane beer cality councils select membhers to represent them(involvinga yeastyfruitoft hemurantinatree)andmeat at the next higher levels, producing a chain of policyto the men's organizations and to provide the councils extending to District level,' although nonstable core of the household's food from the ha- local administrators are chosen by the governmentana /ya grove during (Irought. New crops have and many laws are imposed from the national level.been assigned in the same manner. Although these Locality councils once had the power to discussroles il( becoming much less defined, lhe major and veto the fallowing of land in lhe homesteadauthority and status for each crop lype remain with zone, to change the allocation of land to heirs and a, singh sex. Abandoning either parl of the farm non-local supplicants, antl to vetol the culling ofenlerprise would be unthinkable. Examination of any tree or require the planting of a new one infarms managed by widows and grass wilows (with its place. The Coffee Society (a cooperative) tookhusbands emnployed elsewhere or deserted) shows over some of these functions for coffee only in recentthai thel Iwo systems are mainlained wilh the help decades, training local youths to supervise all phasesof sons or in-laws in order to preserve the households of cultivation and plantinfi. an( pro'icling marketintact for the couples who will inherit. ing, preliminary processing an(d crA(Il inputs.Changes in the (conomnic, and IrobalilyIthe politi-

for 
The Soci(ty's i:tru,,;ureis an adaptation of th( tradicall slrut(lures (f1he region are following the changes tional council. In its (:rly period it was composedin agricultural organizatiol. The first regional eco- largely of younger farmers, and so the traditionalnomic effect nuIst have been inx+ increase in the age structlure has declined in importance. The Socivolume of pildtice piassing through the local mar- ety is locally controlled, and during the fifteen-yearkets, as poplh from one zone cam e to sell its produce period in which it has represented most householdsan(d bLy (ods they*Ncould) no longer grow in sufficient in South Inmti its membership neetings ha(, requinlil v. The Sul))ly of cash and lbility to buy sulted in most of the econonii:ally oriented groupexternally produced goods, such as radios lndferti- decisions made in the Division. The need for jobslizer, have generally been enhanced by the: zonaml for the landless and land-poor has been net by

Spcialization, lit families move(l to the lower Zone mounting administrative costs as the meelingsnow proh;i)ly have less access to cash than Ihey agreed to expand paid processing, extension andwould halve as uinils (f more :row(dedl middle-zoe managerial jobs in coffee. The concern for foodcropholrmest(Ids. The melasuirenmnl and legalization of yields on shrinking farmrs hats been met by a (hlecisioneach man's land his a]Iso hven a major impetus to sell, and advance crelit for, maize and p~otatotowards the movement of landlless young men out fertilizers and inseclicides, hybrid maize seeds andof farming ntuI eml)hoyrent in goveronrnert offices, general-purpose farm tools, despite the fact that theShops alnl services, andl towards m il'or comuntity Society :annot buy anything except coffee. Becauseand family sa(rifi(:es to huild schools and milintain of this marketing limitition., household has to plantiheir childrent in them. NMost youths expect to (earn coffee in order to obtlain tht benefits of nemlership,the rmoney to return to farming, but many, will and nariy people live too high or low on the(olthflless Ie utnlabl to do so, ald will bring forth mountain or could make a better profit from the
the first generation of town dwellers: lanIdless samela- investmein in tea.borers, service ipersonnel. and marginaIl craftsrmen The Tea Society, although inltroduced and still(Table 2). This trend would Ib: greally retard(d if' controlled from the national level, follows the modelIhe: government research sllions turned greater of the Coffee Society. It provides close supervisionalention to maize, potato, and bush beanl yields inl of all phases oif tea cultivation by lo(,al youths,tlhe upper two zones and to the improvement of processing in i, locally built factory, -narketing atlobacco, colon, or a new cash crop in the lover a fixed pri(:e wilh a guaranteed lower limit and creditzone. lIt this is unlikely because these crops are for inputs. Because the operation is controlled bynot important to( the gross national )ro(duct nor are a paraslatal firm ill Nairobi, it does not reflect thethe Ime!Inti farmers as needy its manry of their comnpa- wid(er economic and agricultural concerns of theiriols. upper-zone farmers. But by 19110, according to the

A single cthange: in he(:current agricultural organi
zations to bring them fully into line with the tradi- -T'his is a ralher simplified view: sim:ic thelBrilish left, theselional anld current non-;igricultural structure would councils hlv test p[i, to others elefted deviecraiicilly hy the go far towards achieving a partial solution to thltlllin!e iltlill pe]pilationl; it wis difficull for a wmnnian o hlvarnpblemll of Iand l)rsstir( through local finacinlg lltlh abot, lhen iL upper ounci levels, hutphey onfly coitileiied to it appeared thalof agricultural support structlties and non-farm job 

fleet ,11the locality level and. as a kind,i, honor society of an:imls, at the District one while I was
crealion. L()(:all government was andi is based oin resident. 

123
 



HILL LANDS IN KENYA 

TABLE 2. Calculations on potential land availability for the next generation" 

Mitdlh, ZoL'e Lower Zone
Pr0.llic ti-;talus 	 Tpper Zone 

IIouseholl hivs land (uIow owns ondur two thirds area 
It1% 25%10omieded to subsist) 


to .6i Ito .i io 1.2
 
Ptresent heciltarte (uo15 rted from acres) 

2"4
27! 	 32NI sonion landlHousehold :oltinuii's 
.7-1.3 11.3-:.0.7-1tPrtse nt hect ara(g 121%15% 	 231Ihtoiseholt continivs 2 soils on land 


1,9-2.7 1.4-1.9 3.1-1.6
 
Present hct:tartge 

37 ,, 	 "1%
IHo hotld can (:ttt lilt, :1or il(or sons 	 411 %!, 

over 4.61over 2.7 over I.9
l trrent hli ,rige 

pioplItiton thai woIndhi thl to stay oil land if ztol 
12(1 	 l00t)

redistributiel Ilid tquilly ill s tistst llut. lhls to all. 200 

aged patent (the second surviving hlt ctritd 
"With birth control, il nivst gueration %%ill havt to rnmltail is one housthold one 

h.% th I cttiii four childrel (six liting ,1liciFadlt ilbut with a 
tthrugh ntltt \. ilhtr st)ll, it'. and theirfor, tither ph *vstill'% ,i th 

tof 2.i oils,plirsi t g'lltrtittlt (if farn tiwlitrn hhits ill 	 ,IV rtgv
ill at Tii 

, wlt'td will li'mt to tlilt ImItInt liih h% ti li ti.t' lt! itiring iw 'slt stillsshort time itritd ilirioig %h tb lit 	 hmii ,ld,ror i. lh 

whi:h hts hetll talo in tsh iilllllii li 	 Im iit lit st 
is l lt', ly blhis, as lw rt'st. is a .ihtl alill1ri,,ll 1,ilttil: s III' of Ow tilrilsti SillS arl! 

havl rtv.,1htd thll I tt ill %%Ill(h hi 
l il )t-l httlti Ih l srilnimi ilt ,zi. lld 1th lllgvl ttliv )lit 	 hl'.inI Ill jI( 's. I h Ii ' fit- (:ll % 1h 21. ' m l-,pd 

s arl, y sll;lllm l (ttl~ sil'limati'dgrownhI i ttdtreivtll I ,1 i lht \l lt\,. I ti(.1I,111,%thom.' Ill MYli(h nl 'iz is
Frominl t, 1%\.kt , , onoltmlil 

cash t 
ll size vh hIa fpstl.tiri f,n (lhil prii tlii Iotrriht for ai ollst'll , 1 h.,dtl itsflt and obtf in ilt' 

Ilte ] wll ait Ii. 
tnd other hills 'h'iH I l , liS(,I 's ,1111ml d hivf ,aSlt

thil s t1Id school m)ida it01 l fooil , o lhill", 	 ,\lt l nll l lll1 s 411,St'l1.t,,ttS, 	 Oltl lld lm. 	 it onitllc t, igiod11 tillmlll! . 'l- 'I.M! Ih lt g, !:,,Ivd ,,ml oI 
50" higherl'l H rri 


l !plvr zone: I0.2 ha~t'.t. 0i2 11.1 iM utrt' (fill Illilth1 1t w i l il ha'it ' 1)(1.its in :,,ohtd>, I _ ,Ila t il f.IlIliI\ of ll I
 

09 Ithi forl , I lblmi t !f+I'll htollif-leadl - 0i.11 hil 
M iddh' Zornv: 0.3i h,i cof)ft, 04 hI ht'dlls illllztL Hl.-I 11, th iliil,l . lnll\,d 

for i f nlliily if st,%itl.
 

Low er zoutir It. 1 ii olfit- (.2 ha toia l. 04 hI (.lhto li .I Ii. liilzt, hi-us, (O It Ii 1illilii hi ,i illiby of
ltixtI fol 

hvll i hiolic-h-,ml I,17' h~i for[ aI ['11111, iof wto. l,l. 
-,, \ ,ill., ll. iluoilihl zo~il, ,lId .1 ill I.,,10t of[ ti! 

hIncidenhiltll/\ lit- in d ri-litil ph~il Iors hfli Ihliil . -1 hii ,,vrf, rwl s, I for tli ill 

tl l ,[ ,-s i'! s llri 	 itntlir ihit,%il !, (I.Ii i/110illn fur ln. ,itl
othr t )it. Ihis %,is itiiS is ill i ll'lraIl l l mliii t 


ill liit ilppitr.
 

1the straiillg nio litilod food siuppli(Is vsi, where 
govi'rnntnt it lgIrllt with the pirast.ilil firm. 

in Kellii. MuI'ipltrtm'ii i;ioiltiriili'ls wiuld also
Teia Sociey will hivxi bien trimsi'-rrtd coinpletlh 

ll( \.it\. for etllipli)yilli ll ilocill i(itld-lll(i:re-s
to1 local ownership by the prodters. :\t Olimei opftit 

Suc:h planlts hive li tli;ticussed hy Meru 
lhi Ilunhter of jiobs critl(l l II th( So:iiiv will rise, ing pl:,l,. 

profits will idrop slightl inlY t:reilil trid provision tibliic anl lglri;ltllliril I!dirSfir yill' Itutl irlisently 

of other inputs not rekiled Io hiii will rijiliit ht i ill tlitil Ipp(tm,.ixcipi ihritiglh I1w 1:rt;Iion 

si ofi 1w g%,t(i lti l pI)aralial firm. To ilt(!, coffe,,
If these orgaflnization.s W t enclt5inii;rat1l livh(ci 

:an stld to 
in the nationial coopitrahivi flit] ciulmilnti v l;irIhtI)l tea, lil/e. itlld a fw crips only ie 

Ill" p,1irthilil firns thisignted to haindle
laws to convert fully to iillipurp.ose st;iftlieis. Ihi colperalives 


pl'ospecls for a lcillv gelwIraltid Shlll I illit 'ill tloy- il sin-h c:op.
 

o like timlilV I hiave tricd i il,.;-'ih wl histry m [irdsent
ment and crop yields wotuld heIlti 

Ihi' stiltls of the iriclilturidl sysiems of thi ltl( of
other peophles in Kenyi n ittlt'ld lh woirld. 

Siulh Ilnliti, how ltlese aflittut!d and wexre afft:ted
Imenti have had long experienc in ih i;ll, l unil 

supervision of agricultural decisions . ;1it if a st.t'; - lIX Ow sht,t:iocultloral striltures of the region , and 

Wure is iot imposedi'giant iig ixtrordiniir rv powirs . aliitwill i! the regiolils likely mid )ssihl alihrnia
iotl as foriunath, eihelr 

to a single individiual or aithitil to ii striiligt, iivt' fture!s. Many rwgionls are 

they should have little troutihie in ruining mrid irni- ei:ologiiilly and iu;oiioiliil;illy or soc;i illy. The 

llli ilo(. I prkidi ir answIe the prl)leflmstrtu;rl.I ioit 

would produce more foodstluffs r(ilirit nIll-foil(old of how tio dlxll(op l tine(iiiiically blalikwiard lnd 

cotton) than the nationil sia~hilly disrupiu ;igtiriim soiiity ti the level which 

provinga mflliptirl)t -use 	 ridoulltiely ilwev 

(;ashcrops (coffee, hieu, 
teachid. lut if they are

planners would prefer if present hechnical aidlnar- the Imunt ihave prtstilly 
eased, lill the I)lo(ked font aol)v( in developing the communityketing constraints on foodcrops were 

institutions neice-silry to (arry he re:gion over ihle
alternative woul probably he for 	 themnhi to convert 

next major struc;lural e oinomi( change, we iniy he 
further to (:ash(;rops and begin 	 to imlp(rt food, 
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able to study its decline. I hope that they will not views are in the comprehensive view of developmentfinally provide Such an example of what not to do. of those particular aspects?It is cheaper to adapt and] build on a local success- There is a danger of moving too quickly fromfully functioning system of agricultural organization single-purpose cooperatives where quality is importhan to impose a structure from the national level. tant to the multipurpose one where you diversifyF'uirther, it is easier to assist an intact economic and too quickly and lose the main idea of the crop whichsocial system to revise its agricultural priorities andt this particular area depends upon for survival.methods to cope vith fulture threat than it is to try Almy. I would agree with most of that. The Kenyantorescue that systm once it has fallen apart. government has been a lot betler than some of the 
REFERENCES governments in Latin America, for instance, in help-
Ah., S. W. 1172. ield niles: ecoi ic interviews. Mn ,'-tnrne. iig the small-farn areas. But 'il( Coffee Society,Intenlsive ihivivw Sessions wvere 1101d iler Owecoi helitl which is the oldest cooperative in Meru, is the mostthe filo-sliolrrmir,tf interviews with twelve hirrners who had successful coffee cooperative in Kenya-in fact,cIimd iverici huctaiaih and oif-ftrm inieni suirces for ieir

tlodilis. 	 probably the only truly successful coffee cooperative.
The others kind of limp along. Recently economiststeri ir , F. E. 1t72. East of Aloint Kenta: Merit igrvilltur. in lookingki-sl,nir. nih hi stitiji fir 	

at tl(! Meri have said that it is in trouble,too, because it is spending a lot of money1,]-St iid '. 	 onadministrative cosis. but these costs are a directt~ai, m , ]. A. I r7t). 0tt ( 1? ur,.i ns itf Ihi Nerui NIwirote. dlihiiint,1 f i.K. , i miItiloii ritjm li:rs-lw Oilw. response to Ill(Nioml lmin r N l. titI & .iti intglI)ovthlonl S ut i, lli 	 local needs. O(!ne of the reasons thatit is successful is that dluring Ill( period when it
D)jisiin, Naiirhi. was introduced on lhe dlistrict level to all of Meru,

()r.I r ti froma iih ,. S~I 1)71 tri rrncoir [rn icoial iisserla.- Ihe colonial officer who was ill charge of thatstuijoierlhfnlwiikii il fuil1 piillning i ujtinui in Chik.. 	 district was ve'ry knowledgeable and sympathetic to the localoni, Pi175-76 oolwithlii Iiniu ll n ' dlH iontil Ritsei.ich. institutions. The Coffee Society was developed in
N.miori 

tihgTic(75ll. fnI'hunit iinujur1u2ti,,3; rfilhniihier 
such a way thai institutions. . ii i .ur 	 it meshed with those 

irinit1:n 	
andi mediated for them with the national government.n tam1 . The government has not done as good a job else-

Itiuuhu n, WA.11. 1t4t. "lh, ,\lriij. Nijrti: N>itiKi flss. w\'here.I wouldiiitirl, (.lA. M!t71 hi i'hhiuis ,ull iDli ll itil M 	
very much like to get back and look at.in n nj.l ,rt.l'l Liii. li.thuls,,ui hnra;lltut.. PI)tI".R I ht'tir. Nisi~~l. (l~ 

the history of the Kenya Teai] evelopment Authoritybe aus'i 
'isit) t114 sit, because: ill somne ways it seems to me that it has\V.,llu:, I. ]171. Tii drieiuhjunt-ni of li, Mni i:uffie industry been picking u ) fromtllhe Coff(e! Society model. I 

in 1ii,.Arican / RurI)iii,l:pmet :2:3-56. 	 don't know whether the Tea Authority is an
19-A.I RUhlm, Mr'. .";t, urri, rtui ill ll,i l). disserhS,'.: ':d 1,coll oilm l independent invenlion or not, Itut it is declared by. irqhioifor llinu, il Utnumbelr of trill eintl (!xperts its olle of the most19i3 r.ilrtiri' l so orrr,,n i Niteri-it Niririt Ieny;. IhD, successful agriulltiral Support stru(tures for smalldi,r'ilutlui (ii'. !iltiiois, I ithrih. farmers that Ihle'y llVe se11 . I would agree that the 

Kenya government has been in ti:h more benevolent 
than it could haveit%( I realize there is a dangerbeen. 
in over-liversificiation.DISCUSSION 	 I have tried to point out that
they have already ben (iversifying on the input 

Mercer (Great Britain). Your description paints a side as much as ill(!' :oul. In a lot of cases wherevery (llilmistic picture, reilly, of an area whiclh is you bring in a multipturpose cooperative, it's in anievelorld. and ytu'l: coilentiating v'e'y lilich oil area where people haven't been used to cooperatingte sor:iill .hanges, the social patterns which were together. Il an area where this has been an importantw d. . his playe in hve u~ndherplye'dprc(:essIby tlt! activity for sole time mldhasthe (:ooperative structureepil'l Illit I thinkbeenperhaps you h'' 	 Ihe is intact, diversification a good c(hance of suc

v'ilihbility of reselr{ch in ll siltlationl of KI il, ceeding.
which was availal Ito Iansin it in that airea. YOU Kevin O'Connor (New Zealand). May I ask you to
iebhaps also un(erplayedlthe role!of tihe institutions please 
 commentavail;ah in Kenya. For example, the coffee institu- recall, 

oin your conc:lusion, which, as Iwas that an ounce of prevention was worthion. the milk marketing board, thelPyrethum Mar- more than a ton of cure. You described the situationket ing Board, t1he Kenya Tea Developinctnl Authority, before the land consolicdation as one in which peopleahhto channelall aere information back to the utilized their land in the three zones integratedcooperatives you're talking about and have Alloved around homesteads in the central altitudinal zone.le r:otinuatioi of high quality goods which Now, supposing you were counselor to a governmentcoin peth in the world market. Iwondered what your or a local regional authority before this stabilizalion 
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in separate zones was to o(ccur, what do you think 
would be the way in which you would counsel? 
Would you recommend that the hill people need 

to have bottom zone, top zone, and central zone 
utilization patterns? Or do yon believe that some 
change from that very complex system was necessary 
in order that any' other change could take place? 

Almy. If I had been there in 1958 1 probably would 
have recommended that they continue the patterns 
that they hald. For legalization of individual land 

that would a mistake.tilles. I think now haveh een 
I didn't personally think very. nmuch in terms of 
mounting population pressures illthat area at 

limle. Although I knew landlss youths that were 
very worried iioutit lind a(ess, I igreed with tleir 
idea that they :ould m(gawyv, earn smnl mioney 
i(d tlome ick to buy l11nd. But ntow thit I have 
done the c:al(;ulitions I reilizo that there's not verv 
much land toI)tob. igalization titles forcedThe of 
people to think bard about where else to find jubs, 

20. 

and about what the local counnnities could huihl 

in the local area that they could control and emfPloy 
people in when they couldn't stay on the farms any 
more. I think that wvas very important. 

On the question of consolidation of holdings, if 
they had kept tht land allocation so that a farmer 
hadI a little land in evry zone, I personally think 
that that would have been beit er. It would have made 
tile Iomestead zone very crowded after a while, and 
it might have, blunted the l)ilssurii to get people 
off the land into schools amd then into (:1(rical johs 

and tt like. But the consolidation makes them 
dependent on market tor:,s much iore, than they 
were ere already parlicipating in the 

narket, hut thw wv'ren't hlepenilt upon it for 
subsistenlce, anl now a suilstantial minority is so 
deprlendent. 'he'y dlo't trust larkel andtill' mu1h, 
I doh't trust it either. But in the l..ng run mllaybe 

its positiveeffectsol tI local nto-aigritultuiiil sector 
will make ilp for its negalive effects ((0 agricultural 
security. 

Changes in Rural Social Organizations as They Relate to 
Hill Farming: A Comparison Between Rural Mountainous 
Appalachian and Greek Communities 
John Photiadis 
West Virginia University, Morgantown, West Virginia, USA 

In comparison with past centuries mountain rural 
communities an(J hill farming hav"e undergone till-

precedlented changes in the last few decades. In some 
societies such changes are still taking place anl in 
some they will occur in the future. These (drastic 
changes are c:aused by the technological (ilvanices 
of the last few decades whir:h had it uniqu! inpot I 
on hill farming, major rural social institutions, ind l 
eventually the personility of the mountaineer. As 
compared with communities in the plains, the impa(ct 
of technology in the mountains hs heen in nany 
respects mutch more drastic. These cihanges follow 
distinct patterns. The concern of this paper is the 
basic social and socio-psvchological aspects of these 
patterns. Although these aspects are e+xarnined in 
relation to only two mountain Cultures (the '\ppala-
chian region of th( United States. a country of high 
technologicaldevelopment, ant(I olti in(1ts(;re(+ece, 
which in certain respects could be considlerel of 
intermediate development), We spe(ulate that they 
are universal. 

tintil a few decades ago, evt in the must industri
alized societies, muntainotus rural comunliities 
functionedI as (cohesive and relatively independent 
social systems. This is still trtue in severil developing 
so(:ieties. Illother words, allthough Itvy were parts 
of the lrger society. isolated moniitain communities 
usully had iutoniots lifetslst d ways of doing 
tliiugs. Furthlermore, their ilemliers usually found 
these lifestyles i111(1 the so ial orgallizatiun that 
supported thel) mie'iingful tild in mnily%rmespects 
satisfying. As we- will see! later, this satisfdtimi kept 
the Appalachian fariuer in the mooilihilins a little 
too long, andi as ; coiselqulmce. Ihrel evolved con
siderable disthance hetweve his lifestyl and the nore 
widely accepted lifesyle (oIt thl lrger society. This 
(listance, together wilh increiasel pressures from the 
larger sjciety, creaitedl severe oc;upillil al Itdoften
 
psycholoIgical discords. 

Prior to World War I1,solidarity within the corn
meunity was high and the major groups that individ
nals compare(d Ihemselves with w ere primarily 
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within the community, For instance, concerning In general, one might say there was a relativeone's income and standard of living, comparisons accord or equilibrium between the personalities ofwere not made so much with outsiders as with people the villagers (part of which is their value orientation),within the (:ommunity. This local solidarity was the social system (for instance the rural community,supported by the institutions of family and religion, family, etc.) and the third major part of society, theIn both societies, at least in the past, family life culture system, which includes among other thingswas cemented through everytlay actlivities on the the farmers' occupation.:' In rural Appalachia beforesubsistence farm an1ti( was supporte(l by a ;orre.- the forties and in mountainous Greece before thespoilling value orientation whi ch favored this kind sixties, new technological developments were notof life. Value of familism, of rural life, and of extensive enough noticeably to upset this equilibatlaclhinent to tIhe land were predispositions of this rium. As a corsequence we say that there was akind. Moral valties whic:h were, in large part, of relative equilibrium among the three major societala religious naltire provided support to the value systems which is often associated with satisfaction,orientatitn of the villager, with existing lifestyles. Hill farming played a stabi

1Dispitet:ultural variationslbetween rural Appalach- lizing and important function in maintaining thisia andt mtontainous Greece, the family ftuncltioned equilibrium.
il tboth regions as a tight-knil so:ial and economic But drastic technological changes occurred andunit. All fainlilv mem hers workvid ol the farn, where accelerated during the 1930's and 1940's (abootIhe divisiotn of lalbor(:ont:erning h roleofhflle father, fifteen years later and less extensively in Greece)for instint:e) reflected the division of sot:il roles which created conditions upsetting this equilibriumwithin the family. This division int:ludeIt a well- an. at the same time absolutely changing the naturelefined status and autlthority pienthrn where the father "of hill farming in both societies.ot:c:uipiedt a privileged position, Both tlivisito of labor The ptirpose of this paper is to describe, compare,anti auithority patterns were neaningful to yoiung and explain patterns of rural social change thatand tilt, who had been s(ialized within a relatively follow these technological changes, in particular asclosed systeti of relationships. As a :tnse(quent:e. they relate to hill farming. More specifit:ally we willthey developed personal values and attitudes :orre- deal with the following: first, the breaking ip ofspoiiding with thttse of ih systlem, the rural mountainous community andi of sone ofReality. whith its we will see Changed drastically its major social institutions as brought about by thesewithin a short time, w%,ias piri:iii'd on the basis (if tchnolthgi:al changes: second, the subsequent reorthis system of beliefs, v' tlues arnd social strtucture. ganizatitin of the commtunity and its institutions;A large part of this strt:tture was the prodtuct of and third, some of theimore recent social trendsrepeateld intera:tion pattrns initiiated by socioeco- in the rural and spet:ifically Appalachian (:omtntininr)nic activities withii the frllstead. For instait;e. ty. and how sutch trends can provide a blueprintrniral Appalat:hians. ittleast ill the ears prior to for changes that will follow elsewhere.World War I1. perceivvd rialities abott rural life As a gtideline, before we begin our analysis, someanti hill frmning in a wty which (t)Ill Ilhen tlat generalizatitins may be presented ahout rural toie good life .. Is ill the rtral tomlnity. The urban Iransititn drawn from the analysis that fol

majorily of thll iditnol otll-ilirit, despile the lows: 
fact that Ihey knew they coulI smtire better jols
in the industrial t:eiters sturrotunling tei region.
'l'et:ni:ally we call such atlittith's bttndilary main
tenai;e 
nec htaniis ''s."In lint with tlhese itlittlrds.
 
farming was considered by hi,iny to Ibeof higher

status than all industrial joth. h'lehfollowing 
 repre- that the peiisanit id his family spent on the farm. the rewardsents a fairly typiil iesptisn.-;, givenl dt~iilng ii brii'f would Ieoily it fraction of the wages the rhanites received survey ctonditielhd in ltte Collilly. for similar types of work. As in Appahhia. work of IhvwholeWVest Virginia: family hit' .ilttotghion tae, often involving considerabilt haId. I knew I :oiltd niki! in)r! ntey iil l)t'troit ship, was oftn an enid ill itself. For instac:e, in th tobaccobut I felt I hall a igood life right h1ere, adl ialso I producing region of Stiivroupolis in nortlitrri ('i:e, wonowndi(n't want to lower inyse lf working for soeon looked forwird to the fina' when ii, snlIl I,if Tuirkish toIli:iohad to hImproct'ssvil, which involved tong hours of hlirdelse. Bhut lly so' a'd grandson txk those % work.j siilad A hrge parl of Iia- ic ity invokdt opportnities fir chalrtingthe:y were: glad they did."' T1"o an extent ;I siilrsilliatioll existed in Illotililoll'its G 

with neigthors inl frindswho cmi t lihelp withthe prt1ncssig."'e'ic before Ihe 'Iefined inl simfplt' terms, ihe :tlturt, svstt' in iclts atl thesixties.: tthings ve' do. ihink iteout, til*l:or rural All iialhiii. thiest, c~hlln oissess, inclluding h'i:htilihgy.l' inc:hided itilhullnlhihe.ln thl naitrity ttf casesi tte rfl,ititullses rtf4iritil ih)illie suirfacvi' 
halrd.tlr1lhi ' ri li s, rihio. TV.high schioiols tint imoejlbs in Oli *:itv. 

ilh r of tihes twi risis ns fur n i orei:iiving ;I j ill i hl cily. For ( r vii:i, the ih ntng's ii li iti'il io st (if hl! ititow w itih ,i'T'her, vas Ow iidt ersiaililgating piillits o f I nllillliilollo ls ei:xeptioiiln it the atio oillile, bit ilss trinsportitiin aii hartregiosii it Greece, hlial if yoiul wele'iito o til Atl if thl! h lirs silrfttce roads increased ciinsiderathl, ias (il itbs il the cities. 
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First-Despite considerable differences in time of 
patternsoccurrence and specific social forms, basic 

of social transition ar, remarkably similar in the 

two societies. 
socialSecond--Tle major direction of change in 

organization in n)th Appilachii ind mountainous 
Greece has been towiard the integqrimoo of rural 

poptliations into the larger society, 
7'hird-The major axis of reorgiization and ill 

turn integration)of thw mountitolsrura t:olllonlflllity 

into the larger socje v has been the economli: sector 
(which in(cludis hill far'ming and ,tssot:iattd ,tti-

tmdes). suppotrled y c:hilliogs ill (other,nmajor social 

institutions (e.g.. family. -ovi'rtitetit. edtuction ). 

10i1th--This ntew rtoronization, within an tex-
hsi wceptionally brief period i(t time. otdth et. the 

aAppalacihian subsistence and geniwrail irmn, and 
few y ars later thi (;rtk l il li tii ', slbsistll 
farm. 

BREAKING UP OF THE RURAL MOUNTAINOUS 
COMMUNITY 

One of the most itml))rtant i:t)ositfit is )f the 

technotlogi:il chilliges llo tiot il I.,trlii'r \wIs the 

rural ;ommtnunitv's incri,ts(d s,5 i,-p.v( hlt , cil 
identification with the i:itv.\'ilf.,r, in \ppll,:hi 
and tl intls (;eu ', whl bh,(u,!s ( i ti new,", 
linkig felt mtore , plt o t th(- la rocwt\0l. 
tlSil)l it lllore than bi,' as thhulf 11 t'11Minlk I.&ator 

r0tJi tot h-(ii l tmltogroup. h Ii't). 
%..v()t lit'. InmatiritIitl comfort 'n! Iss tho rurl 

turnlil. ihhr wIv', (I 'wt.( riln'. ,,tt,.tiili. tiitg 

the entire fim it,."s it(vtl\ituttu (miiii) ft slil"stitt( 

farni, hecannivl iss dsirili'. Iis putnlll1t1r,11, 
fitt.rtt i Appl tlh 


on the plins , i Itnd i sn,(oin ri-jin'- ot higil ,ori;t11-

changeari :onsidh-r,ihly ' it i n 

lural ptotenti,l." 

The few Aptl,t.himis whot hal dtedv mit-mi-

grated during and irniditilv ;dtr the war .tea.rs 

contributed to itv iotvr i n fill 

communication thrmuh their visilaliits and other 

contacts. From llhe thtirettic.il p itnt o view. intelit.-


lion and conmuunii:,tion ir the two most crucial 

processes facilitating the irmorporattiot of one socJill 

system into another and the wveaIkening tf an old(r 

system. In other words, at nru(itl indirect functin 

of the availability of jobs in cities neighboring 

Appalachia, and later in the cities of (;reef(ce intl 

Germany, was lhe weakening tf the htundary main-


of oui.Ruril N rmatiitt itruiuri." ifurna, ttralSo.vt in 

41, No. 1, pp. i0I-75, 1976; fIi htit thll ladis., '(,htn', in 1111 
Sociil Urtglliztill o ii Village," .Su+iol gih. kiasiJ'i (thl F"ttrnopia 
Journal of Rural Sociilogy), V,,luti li, Noi. 1-2, 117t6. Alsi, 
s,! John Pholiitis, Leontrd Sizer and lin Way, "Migratim and 

Occutlmlioin l ArtjtiImeirt i Of City, * ( i t'rssi ,thcinlt 
and tiiiatit ,Dtrviflnplmtetnthr fur Extetnsiin Contimttting 


West Virginia tnivi!rsity, 1974. 


tenance mechanism of the rural social system and, 
use of the city as referencefurthermore, the increase(d 

grlup. Starting first with the younger, more e(ducat
ed, rural Appalachians increasingly hegan comnpar

ing their incomes and levels of living with outsiders, 
the urlan lower mi(dlh class in particular. From 
this point on. both out-mligritiol anid socio-psycho
logical linkage steadily int:reaset, together with the 

incorporation of'the ril' into ihe larger social 
list, of lheliter as ia referencesystem thle loca 

group, and in turn, the cominmunity d(wellers' strong 
feelings of relative deprivaftion." In addition, because 
such feelings had hloi interlalized by large numbe111hrs 

of intdivitluals, social lIntssun's raipidly int:reasetd ft' 
perfornmnce in line(, wilh expectalions of' the larger 

society. This led to more tut-migr'ition anld, in turn, 

closer det-lietce upoll till rllg4er society. wvhich 
ill turn ftfhitr increaised tt)t-igrtion. Il tther 

words. jol op)ipot tn it ios in the (:ity iadte this mtlual 

B OleRhIpenlettc lttwt-tii migration anl incorporation 
into the larger society possihhv. Regrdless of physi
c,,, tulltral or nmental suitability or ptrepit1'ition for 

citv. tnl wi)yittt.w.ithin less thai two det:ades 
atdult lnlon aInd woien left I'lrillilnost 111llV01n 

Appilo.1i ai d atew Vita',r later, ounatllollilillous rural 

rest oI tht rll'A social systumll,logrlthI with til 
(for1' instnllihtrtoultullaclillt inatinhnilliims 


norms u"-, ,ol :allol fi!d a true. frienl
!gg(sting that 
in the :cit., nd thlt l ti il lute is toutnd il tilt 

hllows) h,,n quickly iisiug their viett;tiv uss. 

(tk,( )r; ti lith i' b l d.l i trtn 1lil t v plr'Sttrtllit trv 
mlll)ll: ,l:hii'Vi ittt. attil itl iur'l ltitmt-igl'i

itoil, ,ipiiily tlcrtii t to ti, '\ttI'lt thal fiti MiallNy. 
hi rural tivi t'titrefr:ilcthetnititttunity fho:,u twin' 

glitp. ( imnu her of cilses till ruril soc~ial
unitv 1u(ollis Itllciui itlllh liv'e. llorile
dec:lillv . ,andl ill ,I t11ut 

orglttizalil almost :millsed. This s;afget of tralnsi
tin, which is inlitiatied iamll usually sustained by 
the txtr,i-c:mmn leilds to a massilvailihility of city jolts, oftei 
exodus of rural )tplatitns. o'runt lhe point of view 
of action progritlns, unlderstanding theselprocesses 

is itmportant eloctise: 
First-At a cerhin point in Ith transition, lut

migr'tlion occurs much faster thlln city employment 
cn i bsorb. 

Second-Migration pressures draw people out of 
their communities regardless of their preparation 
or fitness for city life, thus trevaling a number of 
subsequent stioec ntomi; prolhms. 

1'hir(-Alrrady-fraigtlentetii land is hastily desert
ani no plans ftr prVper utiliztion are made for 

many years. If thteie w ire il aiwareness oif the 

"Dlprivali n ilt this Ioinl tefrs Ilit ilh incomillt and city lift'. 

and its we have indicated is tit! dil'et; c;tnstltlts litt! of lIlt! lo l 

(if i new reflrmmee grot p (ill ! grotup (tlte tomnliire;s ]linsi f with) 

which in this .ast! is li! city. 
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processes we describe here, alministrative plans For instance, changes in government and ed uca
could be made so that, through suitable farm loans tion often had as a purpose the development of means
and iother means, a number of farmers could be for securing a more rewarding job; but others, for
encouraged to remain in the village, and under some instance the family, have changed in such a way
encouragement gradually utilize deserted and public that they can both facilitate occupational develop
lind in a more profitable kind of agricultural enter- ment and also act more or less as a buffer absorbing
prise. A typical example would be the gradual social, economic, or psychological dIislocations pro
increase of berds of beef cattle coordinated with duced by changes in occupational expectation and
the pace of out-migration. This effort would be in hill farming itself. Finally, other institulions, the 
particularly usvful for soine farmers, for instance church for instance, increasingly perform these twothose who are expected especially to have problems functions originally performed by the family. Rural
idjustring illthe i:ity. sectarian fundamentalist religion reversed its earlier 

Folth--l'his type oif exodus is taking place today decline in the years after World War 11.As we have
in a nioubhr (if developing societies. Typical of this indicated, this was the period when rural Appala
liroblem is the large number of unemployed young chians were most IressUred for achievement in the ifheni walidering around big cities in Asia, Africa, larger society. As our empirical data indicate, there
and South Ame:rica, md families living in squalor was at that time nore alienation in the small as
((i t( perilphery (fsuch cities. When these people compared t(i the medium and large community inar,! asked whether the('like this style of life better West Virginia, and more need to alleviate anxiety
than thai in their villages, they tenld to respond through religion and in particular that of the more
negatively: amil when asked why they left, for at emotional type.7" hut rural Appalachian religion is
least tlhe first fvw years after oult-igration (they pluralistic, flexile, iind thereffore adapted to the new
usually (lol have alspe:ifi(: exl)anati(on. needs of rural people. This was not thecase in Greece,

It is obvious, nd in particular after tle! breaking where the rural :hur(:h is au inflexible and mono
u ) of the rural coninionity. that these pro cesses are lithic institutiol" and therefore unable tci satisfy new
influenled by the falctor "iccoline differelial" be- needs sufficiently. In rural Appalachia these 
tween rural perip1ries mid industrial centers; lhe churches offer both intimicy for the farmer who
grealtr the difference, the fasler ( Olt-migration. was forced to r(tire, lose his status and even his

D[ue to less extenisive isiilation and inure agricul- (:hilhren, andias(J the i:omfort of aldoctrine which
iilral poteiittial, tie inc(rpo(irati(n (if (lie ruril into helps Ilc lhereni forget his difficulties. 

the urhian social systen wais inu(h rimor griilual B3esides reorientaition of mj(ir institutional sub
in th! plains of lhe t;IiiieI States and Gre(ci. This systems (lurii g th( 2)-yuar period for Grece and
is i)oliclnlrly true! ill lrei1s wvere lgr'ic:ulttli(, is a 35-year periol for Appatlajchia, Ihe rural community
more0 viaible (q)iion anod hii(l can lie cons)oli(aite( has lo(n unidergoing (:hanges inall parts (f its basic
into)colollic lilts. In most a(:s(s this llitwas social str;ture, so thiat close, integration into the
fe.sible ii th(e hollows of Appitalchiiamid thle mln- larger societ*y might lVCome easier. Thus we see
tainis of ('cv. 'l'hisjini( istrm, ill
other ciiulitris gerlernl trends t(owai'd th( differentiation ali(]spe
whein on Coll)),ires fertile, pllins with isolalted. ciailization of occ)ati)on, normns, statuses in(l goals.
low-illc(;oloilltlllinlolls ilmls. 
 Ihese cois!titute important prcesses lemding to the 
ORGANIZATION OF THE MOUNTAINOUS RURAL %%,newtype of integraition within the rural socialCOMMUNITY 
 systei. Thus new inteii int egrition is expected 

to fkcilitaite tll!more finc:ion,il integration of theSo;:i(ti('s adjust to iml)ort eIviromimi .lit1 ,ti uiril intoIllte larger society.
chal-iges primarily by reorganizig lltheir inltrnal Occupational specialization among farmers is(dviiamics and rueiltionships. Consid ring thai ite more visible in the plains of' Greece and in the 
curreit emiphasis is oiiinaterial c:omfort. more than Iroductive agricultural regions of America, where
aly other ie t theioc::uplational adjustilmitl of it is c:hariiterizd Iy in(:rease(l pr,)fessionalization
yonig mid old loth illA1p)llImchia and ollmllinlous and other positive attributes. B:ut this has not been
 
(;reeoe l)ecolles tit(!
fou:s of, challge. Thus th( father Ithe (:is( illfnoultainous Appalachia where, us we
leaves his subsistence filrm ald oftiil moves to the have: mentioned, part-time farming has now become
(:ily on' into semilmit rilemilult (i part-!ile tiriliig. pre(iominant. Ohviously, little interest in part-time
while (:hillren mov( to th( city or go to sch(ool 
to e'veinttually secrlll beler lleillis for lhie possessiol 
of llllirial goo(dcs. In other words, chanlges ill other John lhtoitiacdisanl Ihtryl B. Maure~r.Cornumnity Size a ( S(owi)
major sc:iuil irist it liions ori their mllts hiItc, to lilalg Attrihuits in WvstV i :,in'.i VirginiaApp,da:hian Cullir. West 
extelt played ilsumppcirlive role, sole!times secocndl(- Uhiversity. Resvearch Ripori #5,1972. 

"jtihn mu wt Sinoni. "tt Changing Rurl Religioushotiailis and
l'yi d lerhlary, illiml emelntin~g c~hill1ts inloC;- Iislilutiol ),paper iirisenti'i iithe Fourlh World Cong'ress for
tllpat i(lal
e:xpectlations, 
 Runl Socith ,Torun, PolahndI, Aug t 9-13, 19176. 
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farming existed two decades earlier when the major-
ity of farms were simply abandoned. According to 
the latest information obtained from the mountain-
ouis regions of Greece restudied twenty years later," 
abandonment has also become a common occurrence 
there. As a maittr of fact, in the two lost isolated 
of the nine villages studied, only one villager was 
left in oIe anid prohiaily two in the other, who had 
a(:cumuhlted itreltively large herd of improved bef 
cattle. The herd used the 50 or 60 villagv homes 
as barns. In the less isolated villages the more 
professionlly developed herds fed on public pits-
tor!s and1 the abldoned land fragmennts of peisants 
who had out-Illigrated. 

In rural Appalachia ind West airoini,ip;rticu-in 
lar, part-tine farinino isnow pervasive iid is in 
the process of het;oinint instit ltitiillized, thus 
cre'ating tcompletely different kind of steady clitvn-
tile for the extension services. Many of these people 
consider their non-farmning johs itstheir Imin oc-
cupation and therefore enijov compar,itivelv limited 
contilcts with go 'er1m1ent agriculture servicts. 
Among these part-timw fiarmers are a number who 
are ptrtly reti'rd, sone o welfare, ind otlhrs 
supported by other sor(ce s including relatives. Se,.-
eral farmers have (c)In(' to semi-retirnent itch 
sooneir than the norimal retirement iige for the region. 

Some have in soime! w'ys retreated from society and 
often e-xhihit lifestiles which ire not i;onsidered 
convelitioIli. For soime this retreat entails icloser 
atta:hment to the sectarian fundamlllentalist churchls, 
while for others it invilves partial attachment to 
tra(litii)nailisrrl toften including hunting and fishing) 
and association with f,iniilius with similar strainid 
relationships with Ihe lrgeir society. As mentioned, 
this strain is often caused by unfulfilled eXlIWtftions 
of ec;onomic rewirds. Through the yeiars it few of 
these families developed attributes of what we may 
call a "culture of poverty." This is often a transition 
of certain respecta)le poor fmnilies of th:! twenties 
and thirties into t new u:ultural cnfigurition. In 
some cases this con1figuration his beonle almost 
institutionalized, in large part because of the birth 
and socialization of young children within it. Thus, 
in spite of the now rapid socio-economic improve-
ments in Appalachia these families remiain stati(. 
and will probably remain so for some time in the 
future. It is therefore important that change agents 
working with these families are aware of the reasons 
for their retreat. Otherwise, at least for some. pro-
grams involving raised expectations which for on., 
reason or another are difficult to attain, might have 
the opposite results. 

"lohn Photiadis, "The Study of the.- Social Organization of a 
Mou ntainous Village." Ibid. 
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Ilgeneral, cooperation of extension agents with 
serni-retired farmers of this type is evel more difficult 
than work with the part-time farmer who usually 
avoids involvenent because he sees non-farm ema
ployment as his major pursuit. "'As wre have pointed 
out in tle first pl't of this paper, the behlavior of 
this group often c(oexiste(l initially with a tendency 
for retretm so:iety of \%efrom lecauise %,hill call 
"feelings of rvlaitive depriv'atiol": in other words, 
in comparison with others titl, does not re(eive Ihe 
anticipated reward for liltphysical efforts required 
by one's employment. Such feelings did not exist 
before thelhreaking up of the rural comlmlunity in 
Appalachia ind (reece. As it colseqmii:e, plicy 
pllinnelrs should he iaware that if hill farming is to 
so cceed. such feelings should not develol. ( )n the 
other hand, it may be that in liltfuture, changes 
in overall attitudes emphasizing ilate!rial comfort 
less than hefore and the rural %\-'it of life and farlming 
im}ore, nlight redIu(! the 'tnioliiit of inlcoiii' Ittril' 
to avoid such 'feelings of rellative deprivatlion." 
Attitudes of this kind itreincreasing ven iniiom 
city people in thw 1970's. and Isexpllined below 
are alrea(dy- iil]uencing I'llral tilh;iS iidsttllelltlll 
hill frming in :\placwhii. 

Svni-retired pIrt-tlinl' farileirs ire tOien ion' re!
sponsive to extevnsioll '.glcies h,1 pril'l-ltilt'ill
el's who were not previotsly kitlalurs. As ,i i.(ollSe
quence, it ilew t)rifvssiiItl orieiltitiol is ille;i'sstrY 
before these people utilize the extenlsion sl-vic' add 
othtir -overniment agincies. Considering that thiese 
part-tine farmers are often well-tdjusted siiiillv, 
proper efforts to allroii:h thmn might Iw fruitful. 
A stUdy conduct!d iii North Carolina his shown 
that itsizeitble numbeir of part-tine farnrs prfitti 
from itfive-year demonstration piroje:t incouopiratin 
with extension agents.' Inlarge piirt. ,:hiigesntiiniig 
these farmers involved their increased pIticipaition 
in voluntary associations. F or Appllt:hiii. where 
farmers in general participite less fre-quitltly in 
formal organizations than elsewvhere, these ch,anges 
should be .onside;ed quite useful. Finlly. tlhe swith 
from full-time to pint-time firming \hill securing 
another job, versus pirt-timne farming conhineml with 
some form of retreat from society, is associated with 
proximity to it jol market, the individual's value 
and religious orientations and the way he relates 
to his social environment. 
Il mountainous Greece, where the ilmlpact of tlhe 

larger society on tlhe smaller comnmtunity occurred 

'For relevit infornmitioli s,; (;hln V. l"uguilt, "Career Il'iiirus 
of Iart-time Farrners and Their Contlii with Itith A riculluri 
Extension Service." Rural Sociology. Vol. :10, No., l15. Also 
see "Mobility from Fuili-time 1i, Ill;rt-lime Fiirlming." R~ir,a) Siol
opy, Vol. 32, No. 2, iiSi7,

'T. Gilh rlIlardthe. "Pls neil Change and Systiii: t.i inkilgin 
a Five-year lIxiension Progrmo with Pall-tinit Farit l,'iilivs," 
Iourn;, of Rurid Sociology. VoilumiZe n, No. 1,19i. 
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later, some of the discords mentioned previously system. Understanding the uniqueness of this breakare not yet as extensive; but early retirement and up is important for everyone dealing with Appalasemi-retirement of farmers together with feelings of chia in transition, for the following reasons: first,relative deprivation when engaged in farming, are it brought about both drastic an] rapid changes inquite extensive. Most often the income of these most rural social institutions, inc lding farming;people is supplementedI by stipport from relatives second, it offers clues to the nature of changes thatin the city and the Greek Government's new social might follow the present discords whi(;h existsecurity programs. These programs benefit in

farmers most mountainous and especially herding commuof retireinent age, including those with very little nities throughout the World;" third, action programs
previous (:ontribution to the security system. Thus can be planned on a more realistic basis; and fourth,in spite of the presence of feelings of relative de- certain future rural trends can be predicted moreprivation and the consequential lack of interest to easily.remiain in farming, social discor(s aind tendencies In this light we present below some of the futurefor retreat within the conmuni ty are, at least for trends in rural Appalachia hoping that, at least inthe present, tess frequent. Two additional reasons some respects, they will serve as guidelines forfor this trendi are, fist, that the breaking up of the pinpointing similar trends in rural mountainousrural social system occurred later Ihan in Appalachia societies elsewhere.ind Itherefore, there has not been sufficient time for Trends which have already developed ; a...a50oni dtiscords to dhevelop; and second, in contrast more conventional type of integratiou of ruralto the larIge majority (if Appalachian I'rmers, Greek Appalachia into the larger society. EL;)noomic andinotan|in peiismts (io not possess automobiles, and ;pecifically agricultural integration will probably bethus tistuallly depenl exclusively oin the village corn- based, at least for Ihe large majority of people whotnhilyt1' In addition. the Creek villagevor association. are not in retreat from society, on economic rationasystem is c:entralizeml, interaction within local (of- lity, to a lesser extent on Ihe individual's belief andfee!hoises is extensive. aid therefore so(:ial control value orientations toward the rural way of life. Theis inlore etfctive. Flurthermore, and at least among integration of those wvorking in the rural coal miningolder lnn, associaling, within the(offeellouse often industry will probably be based even more on ecoserves asat soibstituite 

fin il. 
for the loss of the extended nornic rationality than the integration of those emtheIloss of stltus within the fainily, , and ployed in agriculture. Furthermore, integration ofthe lick of religious forms suitable to the alleviation both groups will be based on new and old %,alues,of anxieties. but the retention of many of the ol values will 

REFLECTIONS AND TRENDS not be causedinalhility by tendencies for retreat clue toto cope with expectations of the largerThe Appalachian region is about 400 km wide society, but simply because a number of the oldand several hundred kin long, consisting of low- Appalachian values, at least today, appear to be morealtitud(e, highly Wrested mounlains, difficult to functional than those of the larger society. Thislperletrute undter normal conlitions. As a conse- l)roader an(l more(quece, i:oninity and functional value orientation willkinship systems becaie probably contribute to the building of a more flexiblehighly cohesive. lloth systems were hiased on in- rural social organization capable of absorbing thetegration patteins initiated il large part within the consequences which the new economic potentialdaily life of ithe siilusistence farniseal. Thus, until through proper utilization of the vast coal reserves
a few (e:cades ago, the interplay of social and parts of Appalachia might bring. ".This will probably
e(om~inic: forces within the local systemi alowed include redtucetl social conflict when Outsiders movestbsistence farming to function largely in(hepen- intofithe region anf introduce still other technologicaldeitly of lhe larger ecolnomic s*yslem. This was the changes. But integration of groups which are charac;ase tintil Ihe 1940's, when tei:hiuohigicial changes terized its "systems in retreat" will probably he muchtriggered uni(ue social lressures that in turn led slower, and this will include groups which are targetsto the(disintegratio if the rIirlI social system and of action progrims.the subsistence notain farm. The, size and nature Finally, in the relatively distant future, trends inof the Appalachian nitintain region, the recency !;ocial forms of rural Appalachia will bp determined,of settlement, the l:k of rural transportation routes, in large part, by ithe way the region its into the
and the regiono's very existence within the highly
complex Ameirican culture, all tupnl)risedlthe initial
ingredients that allowed technological changes to "lhcase of thcir constnt unovteni and in turn Inort limitedbring about the rapid tireakup of Ihe rural social interaction aul comnmnnicatin with lhe larger sociely, the intugration of this laller group into lhe larger society tisuoally occurs 

later. 
"Ils ' Fron the coal prodtuciion poinl of view Ihis poitial has becomewife imi s Io Ireat him its hefore, ht nol his chihlremi. imore important since theit!e ergy crisis. 
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emerging new e:ological system. As it appears now, 
probahly be determinedthe new social forms will 

hy such basic factors as coal reserves, proximity to 

the megalopolis, physical attraction of the region, 

and potential for the preservation of .ocial systems 
to remain relativelyable physically 	 and culturally 

autonomous from the larger society. 
n 

DISCUSSION 
Stephen Brush (Virginia, USA). In the Andes where 

I worked, some of the rural social systems i'e 
function of internal colonialism

describhd as heing at 
are independent of this. That 

in the country: 	others arein the highl nds ar asbackw ardis,depressed 
seen as reserve pools of labor willing to work at 

or
low wages. People no longer control (ommo ity 

and chanlges inl thse sstems resource prices 	 re 
rvolutionarv seen to be a function of radical Or eveIm 

respec:t
change. ColdI 	 you unimt'nt on this with 

'Doyou see , onthis i hs" 
toh a 


t htisimilarity?Photiadis. Colonialism se i did isolation, or 


the mountains did in Appalachia. But concrning 


Appalachia there were opportunities in U.S.A. cities 

to fulfill raised expectations. Otherwise the greater 

the discrepancy hetween expectati)ns and achieve-

ment the greater the possihility for radical reaction 

including revolt, 


ApIalacohia'? 	 o uithen what 

G. C. Anderson (West Virginia, USA). N,lost of what 

have heard this morning has been descriptive,we 
ind yet I haveI can apl)reciate 	the necessity of this. 

not found very 	man\ positive suggestions its to how 

change can he accomplished, for the well-being 

of the people 	 who live in marginal areas who 

are subsisting satisfactorily now hut are increasingly 

pressured from 	 the industrialized world antl from 

population, how adjustments can be obt,tined with 
anti Whatta minimum of dislocalion discomfort. 

suggestions can i social scientist make to theilgri-
to technology can e 

cultural technologist its how 
most effectively incirporitte(t in . pttthrrn of lift: to) 

improve human well-being? I find little encour-
on the other hand. I am incrtasinglyagement. Yet, 

major itemconcerned that the human factor still is ;I 
an(I we have no suggestions, really, of how we e:tri 

go about taking care of it. 
those people., you'11Photiadis. If you try to block 

fail because the pressures are corning in. the reference 

groups will be shifting. What you should do, and 

this requires very skilled professionals, is to shift 
somethe reference groups from the larger society to 

local groups which are a little higher hut not much,
 

or selected groups elsewhere, e.g., a place where
 
has been successful. In other
cooperative farming 

should have attributeswords, the reference group 

in line with the ohjectives of the govern ment and
 

ito a lot when used by
attainable; mass media can 
experts, including shifting of reference groups. Ili

the -back tionature moveiel"iv.t information about 
U.S.A. 	 is one of the many arguments planners could 

of planning is more important for use. This kind 
countries without opportunities in cities and for 

people, who, according to research reports, lend to 

have adjustmint proldems. 
All right, hut this is only an exhortation;Anderson. 

I'll 
got to have something hetter than that.

you'%e
believe you for a while hut eventually I'll see that 

there's something else hetr thiin this rural isolation. 
os-There mt he some better way to live.sootPhotiadis. Agriculurl developent is li 

If you can do it, that s the est. But how cn 
hes. 

y uo i l? 

S. A. Almy (New York, LISA). Therte's not very liiuich 
:aln do. I think

that the agricultural techntologist 
the clients

the agricultural technologists should be 
we work together rather than

of the planners. 	Then 
provide ii solution.each saying that we alone can 

that we're going to solve come in ind siayWhen \ou 
your problems hy providing better technology to 
the peasant and I (;()me in and sayv change y,)IIr 
land structure, neither of us is going to help. People 
probahl won't listen. I think there's a chance that 
lpeople do listen a lot better if the technologist is 

also saving some of tht'se things-if the sttcial 
scientist and the technologist are cooling into anl 

what should h,,area together ind trying to show 
done as part of a unifie!d strategy. We ;alin sy .it 

iwhtl yol should do at ut geltell(! poolslittle hit about 
and what you should (t) ahout the fact that the ftrner 

over there is not (;c:epting hyhrid maize this year. 

but we can't tell you it great (eal ahout%whill yVot 

should be doing allt it htC:tuse it bot of tIhes 

problems are basic to the societal strtiIre, and they 

are problems of tlhe government, antI of the ineirlla
rather than of' the technootgy.tional community 


Anderson. You suggest that goverumeil is a ttl,
 
A very necessory tl, to impoementhese changes,
 

yet governments seem to he slow in response. One 

of the items that u;itlmle ot1, 1 itgree with you, is 
said: the detailed knowledgeinferred by what you 

thatthat the subsistence farmer has of the system 
is supporting him should be appreciated by ottsid
ers. Do we know enough about the hurnai systems 

its the food productionthat function there its well 
we i:an have respectsystems that fuinct ion so that 

for him and he in return ci rely on what both 

the social scientist and the biological scientist would 

have to say about changing and improving things? 
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Aliny. Maybe this is part of my general optimistic 
picture of life, hut I figure if you've got respect for 
the farnier, enough to listen to him in th, first place, 
the soc(iai scientist can help you oi t but you're going 
to have won just half the battle. 
Harry Schwarzweller (Michigan, USA). I think 
what we're getting into is this huge question of facts, 
whii(I we sometimes call descriptive information 
about socielties and con.epts. The definition of prob-
hlms has value content, and what may be a problem 
to at peasant farner May not be a problem to a social 
scientis, and vice versa. Ioward B(.;ir(l many years 
ago said that so;ial change solutions might result 
if we honestly )1under into the areas of trying, 
somehow, to bring about an effective social change 
that is for the well-being of peoplh in general. But 
when we start talking about the well-being of people 
we sonet imes run inli thif! problem of what bound-
aries we put iar'ound people. In inlay of the papers 
that we've heard here, yesterday and today, bound-
aries are put around small groups, or sometimes 
nalion stales. The world is no longer that way. There 
is an old problem in alnthropology, called Galton's 
Problem, in which diffusion tf knowledge creates 
an interactional effect alnong iany societies around 
the world and it Iecones very diffi cult to separate 
what is peculiar or cultural ere and whi is unique 
and different over there, 
W. Berry (Pennsylvania, USA). I feel that as long 
isexpert advici reiniins exl)ert advicie it ciin never 
Ieconme i solution. What this conference exenplifie!s 
to mle is the difficulty of keeping expert advice from 
hing bottled ill) in the universities and the govern-
nnf.'There are no farmers illthis neeting and very 
few ytoung people. Vhit we net!ui allnotoldeinon-
strat ion fai'ils and experinlwtilal fillls. eVI!need 
prototypt fa rins and they're going to have to be 
estilblished if we're going to hiave(! solutions I)y people 
who go out and work on the farms anti mak! mon(!\ 
from them. As long as itnew ) lnt or a new method 
is on an txperinental farm the main question about 
it, whether it can provide it livlihood, is never 
answtered. As long as that sort of question isn't 
adhresst!d, expert advice is going to attempt to 
provide ta solution by iinposing itself, by conde-
scinsiin, arro.ant:e, and ignorance on what already 
exists. 

Schwarzweller. Yes, but you must also recognize 
that somnlimes Ihe pe,'rsons who have great ability 
tt i:)oni!ptualiz i may not be the kinds of people 
wo art! aible to talk with farners. You hivt! to think 
of it in lerms of levels of expertise and work. Some 
social sc:ientists are able to relath to other social 
st:i'itists, who are in turn able to relate to persons 
al tIhi farni level. I for on, would advocate that 
every one of my students get out oin the farms. There 
are very few rural sociologists around this country 

who ever see a farm or know one end of a cow 
from the other. Anyone like to comment on that? 
Unidentified. I'm not a professional in any of the 
fields discussed here, but it did seem to me that 
the point that our speaker was making and the point 
that this gentleman has just made come together. 
I'm on a planning board and have lots of ideas and 
a little bit of background about how things ought 
tn go. But I also have to deal with how the people 
in my town feel. I'm a relative outsider unless I 
can find the kind of piople who you were talking 
about, who have been there for a long time, and 
who understand and espouse the kinds of things 
that I think are going to be better and help us to 
solve our problems. 

You have to be able to communicate with the 
people to whom you are speaking. Pcople who are 
experts but who are right there, resource people from 
the community, can help ini a very exciting and 
probably the most effective manner. Efforts are made 
in this direction up in New- Hampshire, using local 
experts to teach other people how to do things. I 
think we need to utilize these skills in a better way. 
Photiadis. I meant package informat'ion, for a county 
extension agent, home economics or 4-H agent; 
subject matter which is not agricultural per se but 
containing objectives which give it special dimen-
Sion.
 

Unidentified. These objectives today are as real as 
farm practices but we have not made them salable. 

Schwarzweller. Anyone else like to make a com
ment. 
Berry. Well, let's consider the county agent. Say 
you came to a relatively poor rural section, and the 
county agent is there as an expert, going around 
and showing the people how to do things, by advice. 
If that county agent would live there and exemplify 
how one might live well locally, as the local people 
with their resources might live, then you've got 
something else. He represents a possibility. Other
wise he just represents outside information and he 
isn't paid itgreat deal of attention. 
Schwarzweller. You're making a point, I think, 
using the counly agent as one to demonstrate what 
he believes in. That's well and good, but I also have 
a firm faith in the rationality of the people and the 

ability of people to see what is good for themselves 
and what isn't, and to use their own minds in their 
own situations as devices for screening out the kinds 
of things that other people might be telling them. 
Not simply because other people are demonstrating 
how well they can tdoliving that way, but also 
because the people themselves are able to think 
through, to conceptualize, how some innovation may 
affect their own life-styles regardless of whether the 
demonstrator has on a tie and a suit anti comes 
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I have worked withfrom the middle of New York. 

Appalachian people in the mountains quite well, 


sort things out. They reject someand I know they 
and some they accept. No one will ever be a good 

a deep respect for thechange agent unless he has 
ability of peasants and "hillbillies," or whatever, 

to think rationally ablout their own situations. I think 

that part of the problem sometimes is that experts 

seem to lose sight of that ability of the average person 

to see. 
But you mustn't also lose sight of the abilityBerry. 

of the average person to be influenced by social 
that these communities andclass and the fact is 

in large part becausesmall farms are breaking Lip 
it's better to buy milk at the grocerypeople think 

it from the cows. The subsis-stores than it is to get 
their lives been destroyed, nottence basis of has 


by anyone's rationality but simply by social classes. 

the milk goes to the stock.I know of farms where 

The people get milk, but delivered in bottles at a 

$1.75 atgallon.
.75g Hwllon, \olrp 

low else do you reach rural peoplh ? WhatPhotiadis. 
do you suggest if you (1 not give this information 

package to the count\ agents? What should we (1o,


into interna-farmer from Appalachiabring every 

tional conferences? What can you 
 do? That's the 

only way teaching goes. If you have albetter method, 

tell uts what it is. 


Berry. Let the county agent milk a cow. 

Some of you might know a project un-Anderson. 

right on your subject.dertaken here which dwells 
It's called the Allegheny Highlands Project. I would 

on Dr. Baker, who is the Agronomistlike to call 
involved in this project, antl have him make a few 

it's so relevant tobrief comments about it because 

what we've been speaking about. 


Barton Baker (West Virginia, USA). I listened with 


great int' est to the comments that were made and, 


I'll say that there have been many days when I wished 
as wellthat I had some background in sociology 

our project started we wereas agronoJmy. When 

working with small Appalachian farmers, or iat least 

what we thought were farmers. At the present time, 

we are working with 72 such farmers on what should 

be thought of, perhaps, as a contract basis. We have 

a veterinarian, animal scientist, farm economist, and 

an agronomist who work with these people and try 

to provide a package approach for them. Now, I 

noticed as I listed the staff, that they are all technical 
people, an( I feel that after six years we have been 

pretty successful in terms of answering technical 
questions. The thing that I would present to you 

is that many times we have tried to solve what we 

think is the farmers' problem, but they don't consider 
it to be their problem. They have a different set 

of priorities than ours, and I'm not sure that some-

put into words what their prioritiestimes they can 
are. Certainly they function differently depending 

upon the particular family and individuals' motives. 

Maybe they don't milk the cow, not for financial 
to he tied downreasons, btl maybe they don't want 

aid night 365 days a year and they'remorning 
willing to pay $1.75 for a gallon of milk every day 

so that when they do want to take off for"a weekend 

they don't haveit to worry about getting back at 5:30) 

in the afternoon. And repeatedly you see things 

where they have put certain things in higher priority 

than what we as technical people might put in higher 

priority, usually dollars or standard of living. I now 

realize that many things go into "quality of life.' 

Just one brief comment. I ami a prod-Unidentified. 
gone through this turnmoilucl of Appalachia. I've 

of having economic and social roots disrupted, and 

I also have gone through the itting hack of the 

I would tha nk Dr. Anderson because hepieces. 
this: I was his student in the plast.helped me do 

I don't look at myself as a government employee 
out on the grass roots level. We have ,to deliver, 
thus I'mi a puldic servant. I work with people. I 

itr to immediwouldn't go It a man's country and 

atelv impose Iw oo 1( pt myselfa (apilalisti(; viewpoint or something
else in a wa if econiiicvalues. 

on his level and then work from there within his 

structure, within his socii i struct ure. It's not difficult 
to get the Appalachian farmer to turn oiit toi meetings 
if you work with him. if y(ou talk with him. I applauid 

Service greitly bul I also find faults:the Extension 
that of a typical county agent realizing the farmer's 

priorities and prestenting information in a fashion 

that he'll be able to accept, in the amount that he 

handle at the time within the capacity that hecan 
has to deal with it. Thus, I do think that on( does 

have to be somewhat of a sociologist as well as 
ti temper our advanceda technician. We have 

knowledge. technical knowledge, with their social 
how else to talk to a mail,values. I don't know 

woman, or (hi1(, whether it he in Appalachia or 
the level,in an urban area, unless I get myself on 

in soine respect. of where they stand. 

Alex Tainis (Haiti). Dr. Photiadis, you have de

scribed the phenomenon in hoth developed and 

(developing countries, bul in my opinion you have 

stopped half way, as far as the developing countries 
are madeare concerned. All of these comments 

United States and other developedmostly for the 
countries but, you see, the picture is entirely (lifferent 

in the developing c(ountries. In the developing coun

tries we can't speak about farmers but only about 
When this outflow of peasantsilliterate peasants. 


leaves the agricultural sector to go, for example,
 

into town they can't be hiredI by any organization
 
because they are not skilled people. So they are
 

going to live in the suburban slum and increase
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delinquency. On the other hand, we can't encourage room for expansion, one farmer leaves and the rest 
them to live and stay in the country as farmers or rent his land and the transition is much more gradual. 
peasants, taking into consideration the pressures on The breaking up of the system refers to mountainous 
the land. If they continue to live on the land and communities and this is the main difference, in terms 
if they can't make a living, what they are going of change, between mountainous and non-moun
to do is to split the land again and again and reduce tainous communities. So what we can do is to control 
the l)roductivity. Iwould like to have your comments, this outflow and then have more time to inform 
Photiadis. What I suggested is to control the out- people about migration, teach them about adjustment 
flow--first do things within the community like, in the cities, teach them skills and at the same, time 
for instance, helping people determine their refer- take some individuals and say: "Now I'm going to 
ence groups. I know that in Kenya, for instance, give you extra loans to consolidate your land." In 
the villages have been deserted as in Greece. Here other words, change your objective completely, not 
inAppalachia they just left everything. In the plains, in relation to what it is totlay but in relation to 
this phenomenon does not take place. When he needs what it will be in 10, 15, or 20 years. 

21. 
Pasture Establishment on Unplowed Hill Land in 
New South Wales, Australia 
M. H. Campbell 
Department of Agriculture, Orange, New South Wales, Australia 

New South Wals (N.SV..I bas 1more than four The hill land in N.S.W. has a temperate climate 
million hectares of steep hill land which could be with relatively high rainfall (400 to 800 mm/year) 
improved Iby using aerial techniques to establish and high productive potential. To increase its pro
pastures. Much of this land is dominated by low- duction the existing weedy pastures must be replaced 
proolducing native grasses, nilrophilouis weeds, and with persistent perennial species which give long
the perennial weeds Nassella trichotoma and term hotanical stability (Campbell, 1974b). Thus 
1lvpricum perfo'i'tUm. research in N.S.W. over the past 20 years has 

The native grasses which occupy most of this hill investigated the use of aerial techniques for the 
land are damaged by frost and thus produce little improvement of hill land dominated by inferior 
in winter, the season of pasture hortage. Nitrophi- native grasses, nitrophilous weeds, N. triciotoma 
lous weeds (Table 1) have invaded large areas of and H. perforUum. 
hill land Partly improved by aerial application of 
Trifohimn sult~rraneumand superphosphate, result- METHODS 
ing in inferior, unstable, drought susceptible pas- The experiments were carried out on four hill land 
tures. N. tricholorna,a perennial grass whioch infests sites varying in altitude from 600 to 1000 m on 
0.72 million ha of N.S.W. is unpalatabl, spreads the central tablelands of N.S.W. Climalic data for 
rapidly and is difficult and costly to control on a representative site is given in Table 2. The main 
non-arable land (Campbell, '1974a; Campbell and resident species onl the four sites and their percentage
Barkus, 1965; Campbell and Irvine, 1966; Vere and ground cover before treatment are shown in Tables 
Campbell, 1974). 11. perforaluni, a perennial herb 1 and 6. Experiments were conducted on small plots 
which occupies another 0.18 million ha of N.S.W., using randomised block designs with three to six 
causes dermalitis, digestive upsets and even death replications. Herbicide, seeds and fertilizers were 
incattle, sheep anol horses (Hurst, 1942). applied to the unplowed land by hand. 
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TABLE 1. Main resident species in the four 
weresituations investigated, before treatments 


imposed 


Native grass pasture 
prenm'l trJss(, ttIiiHothirimI o.iiilu,. 17t'ii .i 


,,traiis. ni)thwnia p , l'a 


latI, iIi-,i. O,. .aw, .
 
Anmil legumns: I'rifolium Tlm'r,I.TcIIOIJstr', 

T. sttrrmitii. 
niiwor. . 1T[011bletssnsima.Annual grasses: In (pim spp. Hriz. 


ch uris raitc,it,C.inhonolls

[ro dlafed plants: 11p 

l ovuni.mu,. y L, Ui r 
lntag, ,blih,,. 

Nitrophilous weed association 
1 pl,. 11,ml,-,Pervinnial grasses: 

Annua legumes: T. subt,'rr.iii..\t'd, .uw arlhira, 
M.s,.Ia., 

Anntual gr.sses: thrhur] hpurini. truuus .trils, 

.t mirnn/
Ifhuadt,,ful plaJIs: ,Shl(tin tariaim. C'.,Jrthaiins 


Ianaell(ii5liili as.tur 


al raisws: p asu rruiw 

\nnual legumes T.,hliu 

Annual grasses: IV1pi' spp. 


Pern nie 	 . 

ltruadlealvd plants: 11 rtiata...\etoselb, vilgaris. 

Hlvpericuw perforaturn pasture 
Pernniat grasses: .Mticrlun,sripoidvs. 


Annual grasses: VUii p sippi 

Broadleafed plants: 1t)pwri(iin pvrf,(ratulm. 


TABLE 2. Monthly rainfall, evaporation, and 
temperatures at Bathurst (33"25'S; 149'34'E; 704 

m) on the central tablelands of N.S.W. 

l'rubatility Sireen 
of 0itaii- 'lVuemlture 

Rainfall in2yEfhfoie [-%,iporali (76 ys) 

Month (104 yrs) Rainfall' 11 yrs) Max. Mil. 

mm 	 mm ( 
63 56 111H 29.9 13.0 

February 	 56 47 152 29.1 12.18 

51 54 133 26.2 1(0.5 

January 

March 
April 	 43 66 82 21.7 6.1 

43 73 50 17.0 2.5May 
31 12.8 1.1June 	 49 94 

12.- 0.2July 	 45 90 32 
14.3 0.7August 	 45 119 47 

45 Il1 74 17.8 a.0September 
57 70 107 22.0 13.0October 

November 57 58 140 25. 8.8 
December (0 481 173 28.5 11.5 

l 209"rota 	 I14 

"Effective rainfall (P) is definel as P =.8E"7 "; that is, the 

amount of inoistur required for a newly germinated plant to 

establish in a dormant pasture (Prescott, 1o56). E = Evaporation. 

RESULTS AND DISCUSSION 

Competition 

In each situation it was essenrtial to reduce 

competition from resident spe(;is hy herlicide ap)

plication to allow the establishment of the perennial 
species (Table 3). The annual T. sulerranvinll, 
however, established without the aid of herbicides, 
probably because of its grealer seedling vigour. 

me )l tiot perennial s p.'ec:ies
T able shows that so 

were present on the minus herbicide treatnents three
wlInfo: 
months after sowing. Almost all of these were killed 

whereasby competition during their first summer, 
plants on the phis herbicide (tatnentssttrvivet ill 

sufficient nunbers to form a good p)aSture (Canplell, 
191; 1974c). Thus it proved ncessary in each 

situation to kill or retard the resident specie.s from 
sunmer or aiutumllll) untilthe time of spraying (late 

the following autiumn. 
Different herbicides were n (]ssary ill (!ach isittla

tion. The native grasses were rtar(ded by 2,2-lIPA 

(sodium 2, 2-dichloropropionate) or glYph(sate (N
phosphonomet hyl glycie) (Campb(eIll, 197t). Where 

superphosphate had promted annuals amongst the 

native grasses, simazin(e, 2, 4-1) or' lnitrole had to 

be added to the 2, 2-1IPA (Campbell. 19.174c: 197(6). 

The nitrophilous weeds were controlled by 2, 2-1)PA 
+ 	 2, 4-D, 2, 2-DPA + amitrole. )paraquat + diquat 

prevaor glyphosate. Where perminial grasses were 
lent, high rales of 2, 2-DPA or glyphosate vere 

necessary. 
It was nlecessitry to kill N. trichotomi witi 2, 2-DPA 

or tetrapion (sodium 2, 2, :1.3, tet rafl uoropriopionate) 
so that surface-sown species could replace it entirely 
(Campbell, 1974a). 

A mixture of 2, 4-1) ester + 2, 2-D)PA or glyphosate 
alone controlled It. perforatflr and the associated 
V lpia spp (Campbell. 0 a., 1975). 

Campbell (19i3) and Campbell and Swain (1973) 
showed that the optimum lime for surface-sowing 

in N.S.W. was late auumn., because effective rainfall 
was most reliably received (luring the following 
winter (Tabl,. 2). 'o coordinate the tining of herbi
tide application wilh this optimumn time of stwing, 
it proved necessary to aplply herbicides in autouinn, 
after rain had germinated resident weed seeds, and 

to allow a period betwe'n spraying and sowing for 

the residual herbicide to lissipate. For example, 

where mative grasses and winter annuals were asso

ciated, establishment was achieved by applying 
glyphosate or 2, 2-DPA *10 to 30 days after au tunin 
rain and then sowing 10 to 20 days later (Campbell, 
1976). This technique was also suitable for the 
nitrophilus weed association and the I. Irfora

turm-Vulpia spp. pasture. 
In some areas of N.S.W. nitrophilous weeds are 

sprayed in early winter and the pasture seeds sown 
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TABLE 3. Effect of herbicide in reducing competition from 
resident species on the establishment of surface-sown species, 

three months after sowing 

Mhedicago 
Trihodilin 
suhter, lDadtylis 11halaris 

s.IiVa ritf nltll )OlitifIf It Illerosai 

Plants/sq m 
Native grass pasture" 
-+herlpicil (.1 i" 2.1 a" 9.9 a" 4.9 af 

herlicidl 0.6b 2.3 a 0.8 1) 0.2 1 
Nitrophilous weed assoc.' 

lirluji(Ad 7.6 a -- 42 a 
h rhritiil! (0.1 -- 4 b 

N. 	tricholorna pasture" 
hh ic:hl. - 20 a 44 a 11 a 
herbicilt - 17 a 26 b 4 b 

II. perforaIunl pasture" 
f 	 hiriooldh - 10.5 a 6.0 a 18.0 a 

111hicide - 8.7 a 01) 0) 

"MNais followed Itythe same letter were not significantly different at the 5% level of prohablility; comparison between pairs. 
C ntipheill (19.7-:). 
'(Xinplli, unpublished data. 

(,opibhell (19it). 
"Cainpbell, Fhivnions and Dellow (1975). 

between late winter and early spring (Wheatley and TABLE 4. Effect of treating surface-sown seed 
Phelps, 1973). with dieldrin to reduce losses due to 

lo control N. trithototna,2, 2-DPA must be applied seed-harvesting ants 
in late summer and Ihe pasture seed sown in late 

utlumni. 'I'ldisalvantage of this treatment is that Numlr of Pilints io I'stblish" 
annial weeds max, estal)lish in the three months Species Plus lJilihin Minus Dieldrin 
between spriiying and sowing. As tetrapion is effi
cient in killing N. rich loma in autluin, it cIn )e Pliits/sq rn 
applied one month before the optilltti sowing time Trifoiumn Jlratinsi 22 10 
Of late atu1mn thus re~ducing the time availahle for T. repens 25 11 
the! eshlihlishillent of, competing annual weeds. 7. sublerraneuin 13 I 

Lolimll perenie 1(3 3 
Seedbed 	 nDictlis ghl'ninitea 42 7 

A seedbed is pIwpared on unplowed hill land by I1htaaris tuhrosa 4 1, 

avoiding grazing before iapplicatioll of herbicide. The Wian iften sowings over two years (Campbell, 196). 
seldhed reduces moisture loss from the establishing 
seedling anl can improve estahlishmlent by 400% 
(l)owling, 0l al.. 1971). lowever, under wet condi- It proved essential to inoculate and coat legume 
lions, it (:alli harior inscts and slugs which reduce seed with lime when aerially sowing on acid soil 
establishment. For the four situations referred to ill (Hely, 1965: Campbell, 1968). The inoculation and 
this article a mixture of hare ground and dead plant pelleting was done after dieldrin was applied. 
seedl.d is preferred. Species 

Treatments Before Sowing Most pasture species used in N.S.W. (Tables 3 
Sed-harvesting ants (Vhleidole spp.) which are and 4) establish from aerial sowing if competition 

widespread in N.S.W. iaku aerially sown seed from resident species is reduced, Percentage estalb
(Camin ilpl19i6). By treating ile seed with1 dieldrin lishmen t of viable seed varied from 1.1 to 39.8% 
befo re sowing to control ant thefl, esthlt1ishment was (Cainpbell, 1974c; :1976). A level of 8% establishment 
marked ly increased (Table 4). Relatively large seeds of viable seed is regarded as suitable as it would 
were; least preferred by Ihe small ants. Loss of seeds provide, respectively, 5.8, 9.0, 12.6 and 14.9 
was greatest when dry conditions followed sowing. plants/m of T. subterranemm, Dactylis glomerata, 
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Medicago sativa and Phalaris tuberosa for sowing 
rates of 4.7, 0.9, 3.3 and 2.1 kg viable seed/ha 
(Campbell, 1974c). 

Fertilizers 
As most hill land in N.S.W. is deficient in phos-

phorus, superphosphaht must he applied to virgin
hlnd to allow legunes to establish fron aerial sowing 

(Table 5). Usually pastures dominated by native 
grasses, N, trichotorma or 11. per/orattii,Ilhii hild 
little superphosphate before improvemenlt: thus iep-
plication is essential. Nitrophilms woodS tt:)ll" 

where superphosphatc has been applied over a 
ntumbier of yvars, thus furthe' applicltion afttr treat-

nelnt dletids on the level of phoslho's hiuilt up 

in the soil. 

TABLE 5. Effect of superphosphate on the 
number of Trifoliun subterraneurn plants present 

in the second spring after surface-sowing and 
fertilizer application 

161e (i 5i hvLY,,,,r1 Y,,,t ,:!,rrr,,mm+ Pttt..I2 T 

P1,[t.smis i 
0 250 14 


125 2510 79 

375 250 17:1 

625 25) l04 


Management 
treated rc 

from before herbicide application until the following 

the plants which established to 

In lmost situations IO1w area was not grazed 

alttlmn tto allow 
seed. In some seasons il %\itsltet:essary to graze the 
nitrophiloos association in the first spring to reduce 
competition from annual grasses. Spelling treated
site" in the sctll and third spring and sumner 

periods issisted the iinpr vted species to Ih:motle 
doilitllt (Tablh I). ()n the native grass site, plant 
dnxlsitv of M. sativla 1td 1). gltntiit,i was increastd 

8r6"", ,ind 5(00"',, res peltive!., (Ilue to stralegic 

grizing iftor tho iiirovvd species had conlol
their third sedint l h174c:).( anltil, 

Production 

( )n the native grass sitM.sativit, T. suhterranmiui, 
1).ghlonrr,it .ind I. tultrosa were sirfi,:e-sown ilon 

unplo wed hill 1,111d 'IfIr Iwrbiith at)pliciatitt ill 
,'__h (it the last nine years. Thes, spelc:ies estblishlel 
well '111d ltwrsist'l tinhr rotatitlil grazing (Cililip

l1.19174(l1. 'lhiir dry in ,itth r produc~tion (Ginipl l.l 

vlttt] that itt thf. *itjoiting1.974c: 1t761 %xs;ofl witl 

pastures: onei wli-'te T. s.lltttr,iiit lli 111(1 SllPtr

p1'tl'lity a(rially ppere d whvre 11(inllillo 
tre,itllleIlt wais ilmp twld. Pr idu ,ttl111d(1l1,lity was 
highier %Owr pervii)ii,il slci.s winr ,shblishf1d 
(Table 71. 

TABLE 6. Botanical composition of resident species on the four
 
experiment sites before and after application of herbicide, seed, and fertilizer
 

Site 

Native grass pasture' 
bitfore treatment, dt]IT)in. 

1973 
ativi treatment. autumn, 1975 

Nitrophilous weed assoc. 
tefore treatimnv t, auttrn, 

1974 
after treatrenit, winter, 1976 

Nassella trichotoma" pasture 
tefiirt, tatmrnl , autlulmn, 

it63 
after reatmen.l, autumn, 1973 

Ilypericum perforatum" pasture 
tafore trvatment, oitllrnn, 
l972 
aIfter treatment,i, aoiin. 1974 

Griss 

62 
12 

24 
1 

79' 

21' 

1 
1 

Liutt' (;r,,s Plants Species 

(;round (:i'lr 

15 
14 7 

Mtt It 
5 16 

1 
1 3 

1 ( 
1 5 

'Campbell (1974ri-mean of 12 herbicide ireatments. 

'Gt1mpthtl (1!974a -mea n of Six herbicide treatments. 
.M,jinly N. trichotoma. 

";imphvl, Fiemons and Dellow (1.975)-nean of four herbijidu Ireatments. 
'Mainly R1.perforatum. 
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10(t 
25 

0 
.11 

49 
4 

(0 
:5 

4 
12 

0 
46l 

9" 
23'" 

I) 
it 



TABLE 7. Dry matter production of surface-sown 
species on the native grass site after application 

of herbicide, seed and fertilizer compared to 
production on the adjoining pastures: one where 
Trifolium subterraneanand superphosphate had

been aerially applied and one vvhere no 
treatment was imposed. 

Year 

1973/74 1974/75 
TreaItInen I Dry Matter C.P. Dry Matier C.P. 

kg/ha % kg/ha % 
tiel!'icili. seed and 

fertilizer 14700 21.4 9200 111.1 
7". subterraneumn and 

suljerphrisphate 710(0 11.6 4 100 10.9 
Nil - - 600 8.0 

"MA. s tivT. 'lsuhterraeenn, D. ghnnreratb, P. tuberosa; C.1. 
Cruleinrrtlel. 

Produc:tion was increased from 0.5 to 1I0 dry sheep 
ertuivalents/ha by replacing the N. trirhotoma with 
perennia l species (Campbell, 1974a). Similar in-
creases iii prodtilion would be expected by improv-
ing I. perhfotnmn pasture. No estimate has been

llade of inocreaseu prodiction die to improvig the 
nitrophilous pastulire, 

Practical Application 
The te(:hniques outline(d above have been utilized 

by landholders using aircrift to apply herbicide, seed 
anti fertilizer in each of the four situations described. 
Results have been su:cessful, but widespread adop
tion has been linited Ietcause farmers are not familiar 
with the techniques; they suspect the costs are higher 
than for cultivation and they are not pressed to 
develop their hill land. Should the necessity arise 
for hill land to hre more intensively used in N.S.W., 
the techniques for improvement are available, 
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DISCUSSION 
Unidentified. What is bloat risk when you have that 
good a stand of alfalfa? 
Dowling. There were two things that I did not 
mention. This is basically sheep country. The alfalfa 
seeded down would be aimed primarily at sheep 
production. There could be problems where cattle 
were being grazed in these areas. The one tiing
I did forget to mention was that to get the best out 
of alfalfa you need to have rotational grazing and 
the cost of fencing (:ould be quite prohibitive to 

lot of the fellows who own this type of land. 

J. Winch (Ontario, Canada). Please comment con
cerning glyphosate having a deleterious effect on 
esta l ish ing legumes. 

Dowling. I am not completely familiar with that but 
evidently this was the first instance of work that 
showed that glyphosate did have some sort of resid
tial action instead of being completely inactivated 
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on contact with the soil. Campbell's work showed 	 R. Blaser {Virginia, USA). I was wondering about 
this serrated tussock; I would guess that the proteinthat glyphosate did interfere with or inhibit germi-
content is low. Suppose you supplied a urea slipplenation and establishment of legurninous speci's. I 

else has found this. niltl. What might that do by 	 enforcing grazing todo not know whether anyone
Certainly glyphsate hs opened up new vistas fr 	 get rid of it rather tan using herbicide? 

this work. The old stock hors(, that we've used. '. 
-ood. still iteds a pe'riod ole- Dowling. They trlied this ill 1964 and it did not2-DPA, while being 

sorts of ways of getting aroundtween actual herbicidte application and the time work. They tried all 

when seeding cian occur lld yOu can (t regeneration itl! problem amld it iappea's a's though the only way 
a directof some (:ompetitive species in the neanliilme. the probleml could bw overcoml e wa's by 

Glyphosate hopefully will overcome this problem. frontal attack. 

22.
 
Minimum Tillage Establishment of Five Forage Species
 
Using Five Sod-seedling Units and Two Herbicides*
 
A. M. Decker and R. F. Dudley 

University of Maryland, College Park, Maryland. and USDA. ARS, AERO, Beltsville, Maryland, USA 

N llov thu s"Ind" ,i plm.u,1t' hItt,lr's in lit !'nildlrch E~rly rhIsci it INarylind cni:cerned with sodil-
States ire prodlol:ing or, 'e vild will belw pitl-	 seelding of sinall-seed legumles i:.nter,(d i rliunl! 

tial. In the humid r,.iin mor, than thri-fotirths uiodificaition of existing seeders ()eckereta... 191Ait). 

of the pasture is linite-l onl ind toii st-e) for saife Wrhere iouipetition from the existing veg'tition ws 

conventi(onAl tillagev operation ncessary ) (tori- r(hilcvd hy rentivinlg a inarrow, shillow l,inl ot so l, 

plete Isture renovation I 'SI)A. 1971 ). Sod-seeding excellenlt stnds i)f sluill-seld lgouiws w re (msis-

Illeilt (T I). bHest stiiids rl oblilied(mininum tillage) renivatinl ofl's an1 exce* lentlv o"btainled 
alternative for improvinl, fir,gi prdluctiiin an1d whewn se(ils were drillhid Into the sid-fre' furrows 

quality without the threat oi largi-sili' erosion with just inliugh (iase soil in the lloltlil of the 

t! t se ireis. 	 Trrow fr shallow, firm sel~ icoverige. Ill 1961. 1problems on 
is not new: the practiife an1d equip- small-plot prototypf. soil-seder was comllpllild withSod-sedinl 

ment to do tl.e job his been aivailahle for over 25 onlventional plstlure relnov'ltionl andid iflerenit tertil

years. Dudley and Wise (1953) reporteil ol equip- iiion priograims. ()in treatnent using lpiriquat in 
cer.els inlo ,rilss i i illril over the seli'i row wils Ilso incluil eiment and practi es fir intro(ucill 

swards to extend me orazintg seils(ll ind irlnprov (1ecker e, al., l 9iit}. (ijuventli nui|vat iin plr

forage yields. The first comrnmer(il sod-seevders of dou d highest yielil luring ll first twovy rs. ilt 

25 years ago did an e!xcell'int jlob of seeding cereals by the thild season, sod-seedei crownlvelh wils 

and other large-seed specties intii pastures buit Ionel producin.g almost twice i, iuch h fiora! isa cimplete 

was consistently satisfactory for establishing small
seed forages in in undisturbeil sod. These sveolirs TABLE 1. Plant numbers and dry matter yields of 
failed because of thre(e importiint reasons: (;,inpeti- sod-seeded birdsfoot trefoil, 1960-61 
tion from the existing sod was not adeqo;hly con
trolled: seed placement was usually either tlo) shal-	 ( thy 

low or too deep: good seed-soil contact was not 	 tlii imilivi,/i).fi tii (i [ow 

always achieved, 	 soil omlr FIll s ding Spiring scelitg ii.1 iii i w 

spar :.6 f: 1.2 ; :3.A : 
Speir t wing m11 ) 11.01) 66o.3 ) 

'Conlribulio No. 5219, Sc:ientific; Arlie.lv A2212 (of the Maryland Spfear , dis: 22.0 i 17.5 a 110,.0 l 

Agricuilural Experiment Sliton. cooperativelinvestigatioll he-
Numters within a culumn followeud by tl: sanr lller areween the [)iv'e'rsily of Maryland and tlt Agri;ultural Rusearclh 


Srvice. USDA, Beltsville, Md. not differenil ( .115).
. 
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DECKER AND DUDLEY 

TABLE 2. Forage yields of bluegrass pasture treated in various 
ways as affected by fertilizer and sod-seeding treatments 

Kg N/ha 

Untiruald 
Years walrd I12 

I/ha t/ha I/ha 
1965 1.:]! (1" 2.01 bI:d 3.50 al) 
1966l o.11:1 d 1.21 c 3.05 I) 
1917 1.15 :I.o (1 4.95 c 
Avg. 1.21 v 2.11 d :3.1l1 1) 

"Scijdd vilh nirchirdrass-rmd clov r-ladino clo,.er mixture. 
"Nuinliirs vithin a yuar folouved hy t(e srn hlItterarv n(11 

iliffi-r'nt (P -- 0.(5). 

renovation s eded with anl orchar(lgrass-red clover-
ladino c(lover mixture; it required 112 kg N/ha for 
the t1ntisturte(I swar l to producc as in tih forage 
as Ilie sotd-suede(l crownvetch treatment ('lable 2). 

Research at Kimtuicky (Taylor of al., '1964) pro-
dtc.e€l similar results )y Ill)loving 1 powere(l rota
tion disc sel at an anlh to till the (hesirel width 
of so(d (0.6 to 5.7 cin) to a (hepth of I.9 cm. The 
new John Dere Power Seeder was developed from 
thes, revsear'ch findings. (Mmtion of a company or 
prol)riithry product (loes no()tconstilute guarantee 
of warranty )y the 1.S. )eparlmeutof Agriculture 
and does n[ot iuiply its alpproval of other products 
that may be suitbhle.) 

Followinug World War II, when there was an 
alhtiunldince (f low-cost feed grain, the emphatsis on 
pasture res(ear:h and utilizalion in the UJnited States 
greally dieclined. I lowever, by the early 1970's, feed 
grain shortages and skyroc:ket ing price increases 
)la:ed fo'ages il a more cnip)etitive position. The 

((on:urrent wid(espread us( of parautti in no-tillage 
corn lproduction prompted many researchers to once 
again look at no-lillage as! ore renovation. The wide 
selection of no-tillage equilnint for corn and soy
bean product ion op ned the possibility of using such 
equlilment for no-tillage l)1stre renovationl. With 
this in inind, three exlrimnts wrve started in 1974 
to look at different soil tilLage aund seel p)lacement 
units, hePrbicides, and inethods of applying herhicide 
in no-tillage forage eshabisllwle~t. 

MATERIALS AND METHODS 

The experliintill site %\!is loated at 3110 19' north 
latitude on atuniborun east, souithe'ast slope that varied 
between 5 and 151.. 'l'h(soil was a Chillun silt 
loam with i pll of 6.5 and miedium levels of hoth 
P ainl K. The area supported a sward of predolni-
nanIlly Kentucky Iluegrass (Poapratesis)and ti imo-
thy (Phlem)pratense). The: en!iirearea was unifornily 

[Lime, phosphoirus and 1piiassi urn 

Sod-seeded crownvtch 

Complelo Sod 
224 rouliOVatlion" removed pa raq lat 

I/ha i/ha I/ha t/ha 
3.1111a 3.9 a 2.411 2.57 bchc 
4.25 a 4.37 a 3.06 1 3.12 b 
(,05 a 2.76 e 5.20 1) 5.52 1) 
4.93 a :3.70 bIc 3.53 hc 3.84 tic 

fertilized each spring with 224 kg/ha of an 0-20-20 
fertilizer. In the spring of 1974, three randomized 
complete block experiments with four replications 
were started; replications for each experiment were 
at right angles to slope. 

EXPERIMENT I 
We compared the basic John Deere Grassland Drill 

of the 1950s (John Deere and Co., Moline, Ill.) using 
paraquat (1, 1 '-demethyl-4-4' bipyridinum ion) at 
0.56 kg/ha and glyphosate (N-(phosphononethyl) 
glycene) at 1.68 kg/ha handed over e(:ach row at 
seeding with (atthe same se!eder equipped with a 
concave disc to remove a 15-cm strip of sod just 
ahead of the spear seeding unit, (h) a wide flute 
soil opener-double disc seeder, (c) ai narrow flute 
soil opener-doule disc sueder, (d) a deep ripple
soil opener-double disc seeder, anld (C) a wide flute 
soil opener with only the presswheel to place the 
seed. Herbicides were used on treatments b through 
e. Chesapeake red clover (Trifolium pratleInse), 
Enpire birdsfool trefoil (Lotus cornicuatus), and 
Penngift crownvetch (Coronila varia) were seeded. 

EXPERIMENT II 
We seeded the red clover, trefoil, and crownvet(:h 

into the bluegrass-timothy sod using the wide flute
double disc unit. FParaquat was applied at seeding 
in 15-cm bands over the rows at the rate of 0.28, 
0.56. and 1.12 kg/ha. 

EXPERIMENT Ill 

We compared the wide flute-double disc unit to 
the Zip seeder (Midland Manufacturing Co., Inc., 
Electric Mills, Miss.). Paraquat at 0.56 and glyphosate 
at 1.68 kg/ha were applied in a broadcast application 
over Ihe entire plot. The saime herhicide rate per 
unit area was applied in a 10-cn band (approximately 
one-half of the plot area) over the seeded row. Red 
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TILLAGE ESTABLISHMENT OF FIVE FORAGE SPECIES 

TABLE 3. So'd suppression and stand rating of sod-seeded red 
clover (seeded March 26, 1974) 

l',Im ltldt Glyphosate 

Wide fluteNanr i Wide
Concave Straight Deep ripple' 

Ihlif, flute presswlwvel Wide flute 
(Iisc colter dis:I 

disc seeder 
slipar seeder spear seeder s,'dei disc ser'r'it disc seeiler only 

Sod Sulpressioln 15-7.74) 
5.0 a2.1 c, 3.2 1)

5.0 a" 2.11 c 2.5 c 2.8 (: 
Stand Raiting' (6-27-74) 

2.0 c 4.5 it2.0 3.2 h
2.2 bhd 2.5 tic 2.5 tic 

Stand 	Rating' (8-5.74) 
1 .1t a:1.0 :d 4.0 ah 2.0 

2.2 (1 2.2 d 3.2 hu 

'1 not : 5 - corplcte s. l)Prtssin. 

"Numbers within I, single harvest followed ly the sani' letter 

are not difflrent (1) t0.05). 
'I -- poor: 5 - ttclli-nt sttnds. 

total forage yields of red clover sod-seeded
TABLE 4. Effects of soil tillage and seed placement units on 

in a Kentucky bluegrass-timothy pasture 

GO it 'I' .SIrailI h1t D "1 Ni I),,t IIWi IXdi\I''i! Wl,\i(I, 

disO. " IltIIr tlld,. oluh, futI , tI fhiht 

lir1'%1sts Check 

Spea r 

seeI(i(r 
s I 

stl- Ir 

di i 

Y.I-IIIr 

ihi* 

S11,dtdi 

lis(: 

setlf er 

[rf ,s%Itl 

(IIltI" 

l IIs 

seI-,d(11-r 

i t hi t ' ,i 1i1' ti/ IhIi th itI I/heiIth, 
2.47 ,d) 2.112 , 2.4-1 1t1 2.09 I 

Last 1974 1.57 e" 2.15 d 2.29 1. 2.35 4. 
3.30 it :t. 14 d) 3.3 i A)1 3.311 ate 3.41 ilt 

First 1975 2.02 c 3.72 ,1 3.00 1 
2.4-1 a

Last 1975 2.159ia 2.11 , 2.47 a 2.2(1 2.42 i 2.718 ;1 2.211 it 

"Numbers within a singie harv!st followed bY th,, sine leitter 

ar not different (P1! (.05). 

ratingswere also higher with glyphosate. l)ifferent:'sclover, trefoil, crownvet;h, ['eam alfalfa (AMedicigo 
(]tle to n:chaniiil seeding inits

sativa), and Ky-3l tall fesctm (F7esti:a arundincea) 	 irn initial stands 

were small. There appeared, however, tot ite i slight 
were evaluated, 

of advantage for the wide flute-disc sev;ler tin it. hut 
Data collected for each experiment tonsisled 

plot ratings on the degree of sod sUtipression, stand (lifferences wer Ilot significil (P-: 0.)5). 
in !17.1, 

ratings as a measure of initial estahlishment, and Total forge ',vieldsiie giv(n Tale ,4. In 

forage yields (seeded species, original grass, weeds. all sod-seeded trminelts were signifi;antly lletre' 

and total). Data were subjected to statistihal analysis. produttivii' than the check. Thi widi! htite-dolullh, 

disc unit had the highest yield hut was notl different 
from the narrow flute or the wide flute with press-

The tlIep ripple and straight :oler
wheel only.

RESULTS treatments wel*re less proudt;tive (-.0(5) than the 

fluted openers ht were rei prolu:tive thain the 
ExPERIMENT I 

Ireatment with the sod strip removed. Ily the spring 

on of 1975, differences hetween the sold-seelled treat-
Initial red clover stands were fair to excellent 

plots, whereas those of trefoil and crownvetch ments had largely disaplpared. by the fall (of 1975,
all 

most (if the red clover plants had died off,
were poor. For this reason sod suppression and stand 	 when 

there were not significant yield differences even
ratings are presented only for plots seeded with red 

was more complete though the check treatment 	 was consistently most
clover (Table 3). Sod suppression 

than for paraquat, and( initial stand productive.for glyphosate 
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The sod seeded red clover plots in Experiment TABLE 6. Sod suppression within herbicide bandI were more prolctive (P-0.05) during the year and stand rating of three-seeded legumes asof establishment than either trefoil or crownvetch influenced by paraquat rate
 
(Table 5); these differences were due primarily to

the legumne component, 
 but increased grass yields Paralial Sod s,ipprcssion' Stand rating"'
weie, also associated with the better legume stands. 5-27-74 -27-76 -5-76
Weed yiels were similar for all Ireatments. There 
was no difference between paraquat anld glyphosate Rd clover 
illeither legume or total yield values. 1.5 :d' 2.2 abc 2.0 b 

0.56 2.2 bc 2.5 at :1.2 a 
1.12 4.11 a 3.5 a 4.0 a 

TABLE 5. Botanical composition of three Crownvelch
 
sod-seeded legumes as affected by herbicides 0.2) 1.0 1.0c
0.56 1.0 c2.2 1)( 2.2 abc( 1.0 C 

t'i~itat (;VypISat 1.12 4.11a 1.5 Ic 1.0 c 
Trefoil 

Iol}tSii()n IRed i Cr tilol"l vt hh. hi ib l oil 1.28 1.0 dIompo___ loll__,______._vt____T__-_o __.1ch 0.56 2.8 1) 
1.0 C 1.0 c __ ____%_1.1 ________ 1.5 bc 1.0 C 

1.12 4.8 a 1.5 tc 1.2 cIt I/hIa " /1h t"hilt/ha fh~ i 

().09 = 
W0ed, 1).1 I i 1.21 a 0.22 a 0,22 a 0.22 a (l.22a I = poor; 5 = xcellent.
 
'II'al" 21.82a 1.!) 1) 2.1iI h h 


Iegume I,10. a' 0.011) 0.17 I 1.08,1a .(1) , poor; 5 = (omplete. 

h1 1.!:l . 1.01 1.6 'Numbers within each column followed by the same letter 
are not different (1P-_-0.05).

'Nuutbis wilhijit titi %if-ld (iit nitl 'll 1v,, the same
 
ni nn ddiffotrr, (1) 11.05).
lr fit 

"['otaicl:hhvs grass, lg ,.in,and %,vdyi-.ts. not included in the first two studies so their re

sponses are compared here with red clover, which 
was included in all three (Table 8). In 1974, total 

EXPERIMENT II yield was higher (P-0.05) for the red clover. Alfalfa
seeded with glyphosate was least productive. Theb eff(ects of pIaraiqiula rate o soI suppression yield of both red clover and alfalfa was higherdnd initial stnnd estiiblishnient can lhe sven in Table (P0.05) for paraqual-treated plots than for those

G. 'he (degree of sod kill inc:reiasedl (P-0}.(5) with receiving glyphosate. Tall fescue made up less thanincreasel paraquat rate. 'he kill was nearly Iollplhe 3% of the total yield in 1974, bul, by the last harvestat 1.12 kg/ha. At 0.211 kg, the sod was only slightly in 1975, it ha( increased to 37, and 52% where
stinlpressd(l, id initictl stands were correspondingly seeded with paraquat and glyphosate, respectively.
lowvr; this was especially trio, for red clover. Red clover was still superior to alfalfa, and the

There w,,is iamarked( shift in Iotanicial composition paraquat treatment had the highest dry matter yield.of the swardls from thel fall of 1974 through the spring Ihe, wide flute-double disc seeder was commonof 1976. This was true for all IhreeI experiments, to all three experiments, so this unit was compared
bul ve harvestIed only Experiment II in 1976 to with the commercially available Zip seeder (Tabledocumen t these effects. As was It'ue in the first 9). Total yields were similar ill 1974 for both seeders
,txperimil, differences inw ed yields wvr small, and both herbicides. However, there were greater
and the major eflfet(: oni yields was attritiuted to the clover yields in the paraquat-treated plots (94 vs 

gume componllnl. Legume and tothl Vield values 53%, P-O.05). There was no difference between 
are shown in Table 7. In 1974, red clover was about seeders ineither total or legume yields. By the endhalf the total forage yield, whereas the other two of 1975 there was no lifference between seeders
species ma(de u ) less than 5%. Ily Ihe end of 1975, or herbicides and the study was discontlinuled.
however, red c~lover hat( dropped to 20% of the total Banded vs. broadcast application of herbicides
forage yield, whereas, crownvhetch had inc:reased to were compared only vith the Zip seeder; those dala more Ihan 4(0". and tIefoi Ito over 30% . Ini the spring are given in Table 10 for red clover only. The tallof 1976, c;rlwn velch madhe 01) mnre than 50}% of fescue stands were too weak and erratic for meaning
he tIoltalyield wilh trefoil being almost as high. fuil comparisons. There were no differences in total

EXPERIMENT Ill yield between banded and broadcast treatments for 
either year. However, the amount of red clover wasSpecies responses were similar to those found in greater(P_0.05) in 1974 on the broadcast plots; therethe other tw) studies, so not all of the data from was no difference in 1975. Changes in weed yields

this sludy are presented. Alfalfa and tall fescue were really tell the story; in 1974 there was no statistical 
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TABLE 7. 	Effect of paraquat rate on legume component and 
total yield of three sod-seeded legumes 

1.Pgun. yield Total yield 

ParacqttmlI Red Rehd 

(kg/ ha}) clover Crowvnvehuh Trefoil clover Crowivehch Trefoil 

5/ha I/ha th t/ha I/ha i /ha 
Last Ilarvest 1974 

0.211 (.54 It' 0.04 c 0.102 1: I.ill a h 1.23 cd 1.011 d 
0.56 0.60 abh 0.04 c 0.04 c 1.79 a 1.30 cd 1.37 lit; 
1.12 0.72 a 0.04 c 0.G9 c 1.95 a 1.14 (:d 1.21 :d 

,ist Ilarvest 1975 

0.28 0.42 de 1.23 ab 0.92 bc 2.17 d! 3.015 ah 3.05 a) 
1.56 0.31 e 1.50 a 0,83 c: 2.17 ih, 3.312, 2.11o bd 
1.12 (.40 de 1. (1 bc 0.15 Il. 1.86 1. 2.74 Ih: 2.53 iii 

First lIbit sl 19716 

0.23 (5.40 f 1.46 hi: 1.39 bcid 1.91 c:i 2.91 1h 2.91 1) 
0.5t (.45 f 1.70 hi: 1.211 d 1.95 :d :.12 h1 2.12 Ill: 
1.12 11.511f 2.22 a 1.46 hc 1.511 4.1 a :1.121 

'Intclits Itguinn. grds . ad eeti'd(loinpolenits.
1,Nurnhers within 'ei rs mid %ehld (i.ornponetit folhwed I.y tilt, 

srnle letter art, n litdiferun itP -_ 0115) 

TABLE 8. Effect of broadcast herbicides at seeding on total yield and seeded component of three 
sod-seeded forages using the Zip seeder 

Iryi.t:, r .il 1 741 D rv. i0 1r Illd (1975) 

Siu.'.d d sl -,d ,tu. . 11u- IIt lotal 

Species ll.lr,.u u.t {;liyph ,,c 1l't.iuu.l3t (]lkphu ir-, l'.1t.itlU' (;I.%plo -,.it I'imr lulat (;lyph ilsale 

t,,hai 5, hm , ha t /hia 1 h,1 1 / hi I / hat I/ h 
Red Cl ver 3.09ia 1.52 I 3,25 a 2.71 ad 2.42 a 2.2.-1 :1.63 it :.11i a 

Alfalfa 1.01 bu. 0).56 : 2.1 1 1.73 c 2.511 it 1.12 I) 3.99 a 2.74 1} 
Tall fescue 0.04 d 0.12 d 1.95 . 2.36 b1: 1.74 1 0.94 h 2.11) : 1.71 c 

WValues within the seieei oir totl ;olutniris for a prtoitlar 
year followed by the sdane letter arv nt dflrit (1' - 10,5). 

TABLE 9. Comparison of the Zip seeder with the wide flute-disc 
seeder unit with broadcast herbicides 

Red i.r, er velds-	 "Io'lh Yields, 

W1i11.flu: With. flit' 
Zip seeder d[isl.selder Zip se'ili'i (lisT: sldl! 

Year Paraquat Glyphosate lardquial (;lyphusalc 5',uifit (;lYphisate araquat ;lyphosateI t

1/ha 1/ha t /ha I / Ila I /ht t/ha I /ha t/ha 
1974 3.09 a" 1.52 h :.27 a 1.64 I :1.25 a 2.711 ia 3.52 a 3.23 a 
1975 2.42 a 2.24 a 2.64 a 1.93 a 3.63a :1.11 a 3.65 a 3.3,4it 

Includes clover, grass, and weed components. 
oNumbers followed by the sarme letter for either red clover 

or tolal within a gingle year are not different (P - (.05). 

144 



DECKER AND DUDLEY 

TABLE 10. Effects of broadcast vs. banded combination of species like red clover and crown
paraquat on yields of sod-seeded red clover plots vetch should provide early yield improvement with 

using the Zip seeder long-lasting effects. Alternate row seeding of such 
species may be the answer. Unless a more persistent

Dry ull-l yields (19741 Dry maili, yields 1975) legume is seeded with red clover, severe weed 
Yield invasion is likely to occur, as the red clover is lost. 

c:omon ent (wlemhd lroadcast Ilanled lroadcast An alternative would be to seed red clover about 

every two years.
t/ha t/ ha t/ ha t/ha In predominantly bluegrass-timothy sods, para-

Rid ,l:hvi' 1.30 b" :1.01) a 1.14 a 2.42 a quat at 0.56 kg/ha provides adequate vegetation
W,,,,,s 0.07 a 016 i 0.12 h .1.23 a control. However, with more vigorous species higher 

1' 3'r 3.56 a :.63 ia rates of paraquat or a herbicide like glyphosate may:|.12 a :3.25 a 

Num,ers within a year and yield conponent followed hy the be needed.
 
stlo ! Iuilulhbir ire lot ifferent (P 0.(5).
(15 

oT,1l h'hlt inctulis clover, grass, and wiled i:omponnens. REFERENCES 
jevcker, A. M., Retzi!r. if. I., and Swain, F. (G. 1964. Improved 

soil openers for the establishrnent of small-seeil legues
difference in weed yield between banded and broad- in sod. Agron. 1. 56:211 -14.
 
cast even though the banded plots had fewer weeds. Deckr. A. NI., Reizer, iH.I..Sarna, NI. L., and Kerr, it. D. 1969.
 
Hy 1975, however, the wee(s in llhe broadcast plots lermanwnt pasture;s improved with sod-seeding and fertiliza
haid in:r'ase'l to :4%, whereas ill the handed plots tion. Agron. 1. 61:243-47. 

thev inndi' up only 12'!. Dudley, R. F. and Wise. [. N. 1953. Sviding in pernianent pasture 
for supplemnentar winter grazing. Mississippi Agr. Expt. Sta. 

DISCUSSION AND SUMMARY 3ull. 505. 
, 

Moore, R. P. 1943. Seiedling imergence of small-seeded legumes
Thel tylp) of seedir per se did not always appear and grasses. 1. Amn.,r. Sot, Agron. 35:370-111. 

to he the ihetifr'nilnint of su(ccess of failure. The type Murphy. R. P. and Arney. A. C. 1.(3.0. The emergence of grass
and o:(nd1 it ioin oif the sod and the type of soil and ilMi egunt seedlings planted at diffe-rent depths in five soil 
:licnat( i;on(lditions during estal)lishment play ain types. I. Aner. Soc. Agron. 31:17-21. 

equally important role. The wide flute soil opener- Taylor. 'r. If.. Smith. I:. m.. and '1emlpleton. %V.C., Jr. 1969. 
thouble dis: seeder ulnit (iid, howver, appetar to he lijst of uniinmnui tilligi and herbicile for i:stabishing legumes 
slightly superior. As pointed oult by Murphy and in 6 ii egri s o ttosi.,I..) swards.K'otho:7ky ta• • , (i1:7(i1 -006. Agrn, J. 
Arniy (1939) and W illiam s (1.956), shallo v seed IJSDA (ius'r%,ttii Niw 'i Committee. 197. asic 

a must stands 
and the double disc with depth bands does an teids. 19617 Stat. Itull. 461. 
excellent job of seed placelelnl. Willinis, W. A. 1956. Evoiluation of the em1ergence force exerted 

pliacmen is lt for suc(:essful firage .aistics-N.1ht1,id it.ory' of stil tind .'iter consetiation 

Nothing will (1o more to elsulre suc:essful forage Iw steillings of small-s,,etid legumes, using probit analysis.
stands than a light unifttrm mulch (Moore, 1943), Atr,o. /. .4:273-74. 
and the paraqual-treated sodllrodulces all excellent 

lased on these studies a complete kill of the 
existing sodl is not necessary; it need only he stup
prissel until the new see(llings are estahlished. DISCUSSION 
When the sod was completely suppressed by broad
cast appli(:ation, severe weei invasion oiften o:- G. lung (Pennsylvania, USA). A critical point of 
curre(l. Managenen iof the sod-seeded pasture fi)l- your sumlaliary is whether the lack of persistence 
lowing establishment is just as critical as the seeding of red (:lover was the function of management or 
itself. Band appilication of herbicides appears to have of disease. If you had used the more improved 
two main adlvantages tver broadcasting; first, the varieties, out of Kentucky and Wisconsin, would 
untreatedl sod serves as a comlanion :rop onltrolling that third-year red clover yield be much higher than 
early weed growth between the sod-seeded rows, you had in this set of data you showed us? 
and second, the seeded legumes stimulate the grass, Decker. Nto. Very definitely, especially those vari
)rodu:ing overall yield increases. eties from Wisconsin, they would perform much less

These sIu(lies c:learly demonstrated a wide range well than Chesapeake. I do not think you can find 
in spe(ies performance. Red clover is relatively easy a variety that would perform as well in our situation.' 
to estahlish and provi(les significant yield increases We have done some work with the new variety 
soon after seeding. Crownvelch and trefoil, on the Kenstar; perhaps it is a little more tolerant, more 
other hand, are slower to establish but shreds and persistent, than Chesapeake. There is a complex of 
yield contributions tend to increase with time. A diseases ancl insects, but nothing that we have been 
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able to do has maintained red clover of any variety 

beyond the third year. This started in 1974 and 1975 

and we took yields in 1976 but after that first yield 

in 1976 they were completely gone. These were 
harvested four times during the year and this may 

be a little severe management for them. If we had 
we would havemanaged it as a hay crop, perhaps 

been able to maintain it. 

ex-T. Taylor (Kentucky, USA). We have a similar 

periment where we did not use herbicide and where 

we used these two. And our experiences, similar 

23. 

to yours, have been simply this: without herbicide 
we have better grass and clover under our manage

ment system, especially bluegrass. When we kill 

too much of this grass, the red clover, in particular, 
is very suppressive on the grass, especially tall 

fescue. It is more suppressive to tall fescue than 

it is to Kentucky bluegrass. Our experience has been 

the same as yours about establishing alfalfa. Ilow

ever, we believe that if we seeded the alfalfa later 

in the season we might be able to establish it in 

these sods. We have done this already and are getting 

better stands by seeding later. 

Pasture Renovation with Alternate Row Sod-seeding of
 

Different Legume Species* 
A. M. Decker, J.H.Vandersall, and N. A.Clark 

University of Maryland, College Park, Maryland, USA 

Accordingto Hiod som(t19741. 2 3ofthi fed nits 
for dairy cattle and 3/4 of the feed units for beef 
come from forage; some 45 million beef cows pres-

ently obtain over 95':. of their feed from forage. 
Per capita beef consumption in the l'nited Stites 

over 1952 andincreased from 28 to 52 kg between 
1972. While this increase has leveled somewhat, the 

demand for red meiat continues to increase (USDA. 
1973). With the increasing world demand for feed 

grains, the livestock industry must rely even more 

heavily on forages for an econoimic feed source. In 
the future, cash crops will require an even higher 
percentage of the prime agricultural land if world 
food demands are to be met. Therefore forage to 
feed the increasing livestock numbers will have to 
come largely from marginal land. 

An alarming trend in the Northeast and throughout 
much of the humid eastern half of the U.S. has been 
the abandonment of land previously held in pasture 
(USDA. 1965). Millions of hectares of mismanaged 
pasture and crop lands have already reverted to 

Much of the land that haswoodland and brush. 

fallen into disuse is well suited to the production 

of forage crops for livestock but could not be safely 

cultivated intensively. Much of the permanent pas-

ture land (primarily bluegrass) still in use does not 


Conribuition No. 5218. Scientific Artice A-2231 of the Miiryland 

Agricultural Experiment Station, Departments of Agronomy and 

Dairy Science, College Park, Maryland. 

produce close to potential (Wedin e a., 1967). 
Research at Maryland and Virginia (Blaser 0 al., 
1956: Decker, 1959; Ronningen et a., 1955) demon

strated that bluegrass could produce nearly as much 
beef per ha as the taller growing species such as 

orchardgrass-ladino clover. Ilowever, 75 to 6(1';, of 
bluegrass pasturage is prodlucel by the end of June, 

such forage when availableso systems to utilize 
are critical. 

The percent of legume (primarily while clover) 

in most permanent pastures greatly affects the yield 
and quality of forai,e produced. Adequate lime, P 

and K will usually increase the legume component 
and improve yields, but clover stands are often erral
ic in spite of a good fertility program. Wedin t a. 
(1967) nearly tripled beef gains by renovating blue

grass-white clover pastures and seeding Empire 
birdsfoot trefoil. The successful introduction of le
gumes into a grass-dominant sod has been reporled 
(Decker 0f al., 1964, 1969; Taylor 0 al., I1969). After 

three years, sod-seeded crownvetch in the Maryland 
study produced twice as much clipped forage as 
conventionally renovated pastures seeded to an or
chardgrass-ladlino (lover-red clover mixture. 

Sod-seeding studies at Maryland demonstrated a 

wide range in rate of establishment among various 

legumes.Red clover was the easiest to establish using 
but seldom lasted beyondsod-seeting techniques 

the second year, especially under pasture-type defo

liation. Crownvtch, on the other hand, was slower 
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to establish hut stands improved with time. A logical
choice, then, would seem to be a combination of 
these two widely different species. The objectives
of the present study were to improve the forage
production of abandoned pasture land by the use 
of st(-seeding and to compare combinations of rapid
anid slow establishing species for immediate and 
long-lasting pasture improvement. 

MATERIALS AND METHODS 


The experimental site was located at 380 59' north 
latitude. The soils were primarily Sassafras sandy
loans with isolated area of .l.hristiana fine sandy
loam. At the start of the study, the p1l varied from 
7.0 to 7.7 anti the P and K 'evels varied from low 
to medium. The area was fertilized with 392 kg/ha
of an 0-15-30 fertilizer in the fall of 1974 and again
in the spring of 1976. The area had been seeded 
to an orchardgrass pasture during the 1960s but was 
unused for approximately ten years and allowed to 
revert to bluegrass, herbaceous weeds and woody
species. During the late summer of 1974 the area 
was clippedl with a heavy-duty rotary mower. Re-
growth following clipping andi excess trash were 
remove(l with a flail forage harvester. The area was 
then divided into 20, 0.61-ha paddocks. These were 
then blocked into "uniform" groups of three acc(ordl-
ing to physical location, soil condition and vegetative 
cover. Three of these groups (nine paddocks) were 
combined to make one replication. Three pasture 
treatments were randomly assigned within each 
tiniform group of thr e pad docks. Pastures were 
grazed in a three-paudock rotational system. The 
experimental design was a ranlomized split plot 
with two replic;ations. The whole plts were grazing
cycles (three unifform padl(ocks), and sub-plots were 
pasture treatments. Pasture treatments were: (A)
weed anid brush removal plus fertilization, (13)weed 
and brush removal plus fertilization and alternate 
row sod-seeding of a mixture of Chesapeake red 
clover (TIifolium pratense) an] certified ladino
clover (T. repens) with Peningift crownvetch (Cor-
onijia varia), and (C) weed and brush removal plus
fertilization and alterrnate row sod-seeding of a mixture of red clover and ladino clover with Spredor
alfalfa (Medicitgo saliva). 

The sod seeding was done with a Zip seeder 
(Midland Manufacturing Co., Electric Mills, Miss.)
equipped with a hand spraying attachment to apply 
a 10- to 15-cm hand of paraq uat (1, 1' -dimethyl-4-4'
bipyridinunm ion) at the rate of 0.56 kg/lia over each 
row at seeding. The Zip seeder was initially used 
to seed ctereals into dornant lerm).dagrass sods. This 
part ictular machine was equipped withi a fluted-feed 
seed box for seeding small-seeded legunes. 
The plantings were scheduled for late August, btit 

extended rains delayed trash removal and forced 
a delay of approximately one month; even then the 
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soil was too wet for ideal machine operation, espe
cially in paddocks where surface trash was not 
adequately removed. Adequate stands were obtained 
on all paddocks even though many of the seedlings 
were small going into the winter. 

Animals used in the grazing study were dairy
heifers and steers. In 1975, two heifers anl] two steers 
were used as testers on each treatment, but animal 
sizes were quite variable and no attempt was madeto me:)sure differences between animal size or type.
In 1976, two heifers (approximately 245 kg) and 
two light steers (approximately 200 kg) were as
signed as testers to each treatment. Additional light 
steers were used as supplementary grazers when 
needed to utilize excess forage growth. One heavy 
steer (approximately 340 kg), from a group which 
had been on the 1975 study and overwintered on 
a maintenance diet, was also added to each experi
mental pasture to remain through the flush spring 
growth and then marketed. 

Assignment of the tester animals to the pasture 
treatments was accomplished by dividing the ani
inals into six groups to give approximately the same 
total liveweight: one light and one heavy animal 
of each sex was assigned to each group. The groups 
were then arbitrarily assigned to replications and 
then randomly assigned to pasture treatments within 
each replication. In 1976, heavy steers from the 1975 
season were also assigned at random to pasture 
treatments within each replication. Average daily
gains were calculated on tester animals. Liveweight
gains of testers plus total liveweight of testers and 
grazers were used to calculate gains per ha, animal 
grazing (lays and pasture carrying capacity. 

RESULTS 
Daily animal gains were significantly higher on

the sod-seeded pastures (Table 1). There was, 

TABLE 1. Average daily gains, carrying capacities
 
and total gains per ha for 1975
 

Pasture
 
Animal carrying Liveweight 

Pasture treatment gains/day capacity gains/ha 

Kg No. Kg
(A)Check 0.:i31' 6.18 c 69,7 b 
(t1)Sod-seeled crownvetch, 

red clover and ladino 0.59a 9.07 a 186.7 a 
(C) Sod.seed ed alfalfa, red 

clover and ladino 0.64 a 7.92 h 155.9 a 
"Number of 318 kg animal units maintained per ha. 
"Valtes within icolumn with the same letter are not signifi

cantly different at the 0.05% level according to Duncan's multiple 
range lest. 
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however, no real difference between the alfalfa and 
crownvetch pastures. The carrying capacity of the 
pastures was significantly increased by the sod
seeded legumes. The highest carrying capacity was 
obtained with cro lvnvetch followed by the alfalfa 
and then the check pastures. During the 1975 grazing 
season, red clover wvas the major sod-seeded legume 
present and the slightly better performance of the 
crownvetch pasture was due primarily to a better 
red clover stand rather thain to differences between 

Total liveweight gain percrownvetch and alfalfa. 
hy the sod-seededha was significantly increased 

legumes. The crownvetch pastures with the best red 
clover stands produced 30 kg more gain than the 
alfalfa pastures but this difference was not significant 
at P = 0.05. 

available for grazing on the sod-seededForage 
13and C) was judged to hepastures (treatnents 

substantially higher in quality than that available 
on the check pasture (treatment A) beca use of the 
high clover percentiage and lower weed population. 
This higher quality was reflected in aninmal (:ondi-
tion. At the end of the grazing setson all test aniimals 
were independently graded hy four inlividuals. 
Condition of both heifers an(i steers on the sod-seed-
ed pastures was consistently higher than ol the check 
pastures. The higher amount of red clover in treat-
ment B was associated with slightly higher con(li-
tion. 

TABLE 2. Animal condition at the end of the 
1975 grazing season 

Animal Type 

Pasture Treatment l,,ifers Steers Average 

(A)Check 3.1 2.7 2.9 ± .34 
(B) Sod-seeded crownvetuh, 

red clover antI ladino 3.6 : 3.6 ± .34 
(C) Sod-seeded alfalfa, red 

3.3 3.2 3.3 t..34clover and ladino 
Average 3.3 - .15 3.2 ± .15 

"Values are averages of four animals inldepeodenlyV raied I'y 
four individuals (I = poor; 2 = fair; 3 = good; 4 = very good; 
and 5 = excellen-steers, over-condiiionedc-heifrs). 

Botanical composition of the pastures was deter-
mined approximately three weeks after the animals 
were removed at the end of the 1975 grazing season. 
A second determination was made in early April, 
1976, before grazing started (Table 3). In the check 
pastures, the legume component was essentially zero 
in the fall of 1975 and increased to only 1% by 
the following spring; the legume was primarily white 
clover. On some of the check paddocks, however, 
significant amounts of volunteer small hop clover 
(Trifolium agrarium) and common vetch (Vicia 

TABLE 3. Effect of sod-seeding on the vegetation 
components of the pasture sward 

Pri,,? !romo ,ov,,r' 

*l'rA11n :\ IT , i'i1n If "ri-,lni'ont C 
Fill Spring Fall Spring Fall Sping 

Pasture comnents 1975 1976 1975 1976 1975 1976 

Pe-ciml 
2 3Crowi vetch 

I IAlf ovfe 
Re'd clove~r lt -7 7 13 
\%hit(' clover < 1 1 4 101 3 7 
(;roiss 5:1 70 5:1 40 511 5a1 
(thr 46 2 2:1 :I 21 

I:,, vahloi. is the average i(f iti randomnly selected (i,(i 1in 
numrits, si\ per piddock. 

vilosia) appeared by mid-May along with a marketI 
increase in white clover (Trifolium repens ). Tlhe 
,mounts of alfalfa, crownvetch, and whitt clover 
present in the fall of 1975 were small and red clover 
was the major legume present in the sod-seeded 
paddocks. If forage yield components had been 
determined, well over 50":., would have heen red 
clover in manly of the sod-seedled paddotks. There 
was an increase in red clover, crownvet:h. and white 
clover from the fall of '1975 to the spring of I976. 
By mid-jtJune, 1976, the white (lover, which lid 
accounte(l for only a small percentage (if the (forage 
earlier, was now a major legume in maiy sod-seedd 

paddocks. The percent of grass changed very little 
over the winter except on the check paddocks where 

there was a small increase; wee(ls generally tc
creased on all treatments. 

The grazing season in 1976 started ()t April 20l 
and animal performance data through June 10 are 
presented in Table 4. This date was selected beca use 

it was near the end of the heavy spring flush of 
growth and the heavy steers were removed from 
the study at this time. 

Total carrying capacities of these pastuires followed 
a similar pattern to that observed in 1975 with the 
sod-seeded pastures (arrying significantly more ani

mals per ha than the check pastures. 
Liveweight gain of the heifers was essentially the 

same on all treatments; this is not surprising since 
the forage on all treatments was young and succulent 
and even though there was more clover )i the 
sod-seeded treatments, enough grazers were put on 
these paslures so that forage availability for any one 
animal was similar for all treatments. Even though 
animals on the sod-seeded pastures tended to gain 
more rapidly than those on control past ures, there 
were no statistical differences among pastures for 
daily gain of either the light or heavy steers. 

148
 



DECKER, VANDERSALL, AND CLARK 
TABLE 4. Average daily gains, pasture carrying capacity, and total liveweight gain per ha, April 20 to 

Average daily gain (kg) 
Pasture Light Ih vy

trealini l I luifers steers sleens 

Ch:ck 1.0(i a 0.119a 1.10 a 
Crownvilch 1.09 a 1.12 a 1.31 ii 
Alfalfa 1.06 a 1.03 a 1.72 a 

"Nuniier of 310 kg animal units maintained per ha.
"Values within a column with the same letter are not significantly different at the 0.05% level according to Duncan's 

range test. 

An attempt was made to stock pastures so that 
all had approximately the same grazing pressure. 
Snali differences in daily animal gains among pas-

Ilire treat meilts in 1976 tend to support the thesis 

thcoughral gazingpress were yd-oachnifi
Even though daily ga is were not significantly dif-
ferent, the higher rates were always associated with
he sod-seeded pastures. Pastre growth duiring late! 

May, '1976,was heavy and not enough animlls were 
availbil fe to kee ) it grazed down. On May 22, all 
treatments in cycle 13were harvested as silage. Yields 
were (.21, 0.96, and 0.58 MT of dry mailter per ha 
for treatnellts A, 13and C, respectively. While these 
yields represent only oilne third of the padlocks, they 
are considered representative of (lifferences
throughoutl the study. The sod-seede(l pastures
usually hatd three to four tiles as much availtble 
forage and because of the higher legume contents 
it wits also judged to he higher in qualily. Because 
of these higher yields and( improved forage quality, 
pasture t:arrying capacities and liveweight gains perha were significantly higher on the sod-seeded pas-
titres. 
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10.09 b 
14.53 a 
11.70 a 

51,6 a 
01.2 i 
59.4 a 

50.0 1 
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87. a 

22.2 1) 
49.6 a 
48.3 a 
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191.1 a 
174.6 a 
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DISCUSSION 
K. O'Connor (New Zealand). Do you have reasonto believe that the increased carrying capacity of 
your improved pastures would have paid for the 

treatment? 
Decker. I think it might. You are not going to make 
a great deal of money, and I think this would depend
on mlly situations, but I think it is going leto 
a borderline case. Actually, about all the expensehere is the price of the seed and the time it takes 
you to go over the field once. Now, if you have 
to ise some of tlese new seeders, like the Betteson,
which is around $9,000, or the John Deere, which 
is around $6,000, you would never make it. This
is why we think ou have to ombine this ith 
iS n y e e th yt ouha e to poh ine c ornwi 
it no-till seeder that you use to put in corn
soybeans or some cheap 

and 
method of putting it in. 

Ido not think you need a particularly sophisticated
sod seeder for putting in pastures. I think most of 
our sod seeders are over-englneered. 
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24. 
Herbage Variety Evaluation Under Hill and 

Upland Conditions in Wales 
James M. M. Munro 

Welsh Plant Breeding Station, Aberystwyth, United Kingdom 

The hills and uplands of Wales cover nearly 1 

million ha (56% of the agricultural land) and support 

23% of the United Kingdom ewe flock and 8.5% 

of all beef cows (Minishy of Agriculture, Fisheries 

and Food, 1976). High overall stocking rates-nore 
per ha in the drierthan 4 sheep and 0.2 beef cows 

the result of widespread pas-eastern counties-are 
100000ture improvement. In the last 25 years over 

ha of rough grazing land (Pteridimnn. Ulex, Agros-
tis / Festuca / Nardus and Callna communities) 

been plowed and reseeded vith perennialhave 
ryegrass (Lolium perenne) and white clover (Trifo-

numbers have increased byhium repens). Stock 
250%. 

Many farms, however, continue to suffer from 

socioeconomic problems. Net incomes are lower and 

more subject to fluctuation than on lowland dairy 

and cropping farms (Jones, 1973). Grassland im-

provement leads to more consistent profitability and 
essential. Furtherthe extension of its benefits is 

plowing of drier soils is limited by slope and rock 

outcrops. The remaining 0,6 million ha of native 

grassland mainly consists of unproductive Molinia, 
Nardus. Trichophorum,Eriophorum and Sphagnum 

growing on very acid (pH 4.0-4.5) organic soils at 
with annual precipi-higher altitudes (300-600 m) 


tation of 1500-3 000 
mm. At least 25% of this area 

could be improved by surface-seeding techniques 

with considerable benefit in stock-carrying capacity 

and in individual animal performance (Munro, 

1976). 
A major problem has 	 been the low persistence 

wet land, leading to rapidof ryegrass and clover on 
decline in live-sward deterioration and concurrent 

stock production (Ellison et al., 1955). The varieties 

used hitherto are of lowland origin, bred for maxi

mum production under high fertility and strict man-
Plant Breedingagement. Since 1961, 	 the Welsh 

Station has been studying the potential of alternative 
need for special purpose varieties.species and the 

on the soil-Simultaneous research is taking place 

plant-ani mal ecosystem (Munro et al., 1973). 

PRELIMINARY SCREENING OF SPECIES AND 
VARIETIES 

Three test sites with contrasting climatic and soil 

were used from 1961-66. Subsequentconditions 
the Pant-y-d 'r hillevaluation has taken place at 

centre on a range of soils (Table 1). 
cover a total of 150 varieties of 19Observations 

grass and 6 legume species of European, North 
origin (Table 2) overAmerican and Mediterranean 

a period of 15 years including the severe winters 
mild winters andidryof the 1960's and more recent 


sulnmers (Fig. 1).
 
sown after plowing orVarieties were broadcast 

surface cultivation in small plots (generally 2.7 in 

by 1.5 m) with four replicates. Ground limestone 

(7.5 t/ha) and an initial dressing of fertilizer (401 

kg/ha of 20 N : 10 P.,O, : 10 K..0 compound) were 

given prior to sowing, followed by annual mainte
wasnance dressings. S.184 	while clover (2 kg/ha) 

included in the grass plots and S.48 timothy (Phleumn 

the legume plots (8 kg/ha). Swardspratense) in 
were grazed at approximately monthly intervals after 

sampling or recording. 
Sowings took place at Syfydrin and Pwllpeiran 

in 1962, and furtherin 1961 and at Blaenmyherin 
sowing of a limited range of species was carried 

TABLE 1. Details of test centers 

T;ITi p rrii Iu1re:AnFnuaIl 

M aln Screen Wind 
SoilsAltitude Precipitation 

(m) (mini 	 ()C) (ms)
Center 

#2.9 Stagnopodizl7.91 tO0335Syfydrin - Brown eartlh
1 700Pwllpeiran 	 397 
5.11 Devp peat

488 2 2(0(0 	 7.4
Blaenmyherin 	 and:1.4 Brown earth7.71100Pant-y-D r 	 305 Stagnlgh'y 
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TABLE 2. Species and varieties of grasses and legumes tested under hill conditions, 1961-75 

Species Variely OIrigin" Species Variety Origin Species Variety Origin 

GRASSES 
Agrostis lenuis Sahoval G G;lyerhj fluitans GB3 Poa pralensis S.63 GB 

Br 616 GB I olcus hmInlus Commercial GB Commercial CA 
Commercial NZ 9 lines GB Delta CA 
Enate NL Loljin multiflororn 5.22 GB Fylking SE 
Ilolfior NL Westerwolds NL Merion US 
lracenta NI, L. (perenne x multi. Manawa NZ Newport US 

florumn) 
Allopecuris Irattsis 5.55 Gil L. ;,rInne S.23 GB Park US 
Anthomnthumn Bs 21111 Gil S.24 GB I line GB 

odoraltn 
IBroims unioloidvs Commurcial NZ S.101 GB 7 lines US 
(:ynosuriiscristalus Commercial NZ S.321 GB P. trivialis Commercial DK 

Credo NL Ba 6280 GB Trifolium DK 
DIctylis glotnerat. S.3:7 GB Ba 6736 GB 

S.143 Gil Irish GB 
S.345 GB Glasnevin IE . 
Bc 4651 GB Melle BE LEGUMES 
Commercial DK N.F.C. DE Lotus cornicnlatus GB 
Ferdia IE Norlha CA L. uliginosuti GB 
Germinal FR Ruanui NZ Medicago saliva S.205 GB 
Lutar US Semperweide NL Trifolium hybridum Commercial CA 
N.F.c;. DE Steinacher DE T. pratense S.123 GB 

Festocaarundinacea S.170 GB Viktoria DK S.151 GB 
4 lines GB Viris SE Norseman GB 

F. pratensis S.53 GB Phal,risarundinacea 3 lines GB Aa 11 GB 
S.215 GB IPheumn Iertoloii S.50 GB Itungaropoly HU 
L~Iken NO V. pratvnse S.41 GB T. repens S.100 GB 
Minter SE S.51 GB S.184 GB 
N.F.G. DE S.352 GB Sabeda GB 
"Frifoliumn DK Scots GB Ac 7 GB 

F. cubra S.59 GB Heidimij NL Ac 19 GB 
Novoruhra NL King NL Hecia NZ 
31 O.E.C.D. N.F.G. DE Kivi SE 
Varieties Topas DK Morso SE 

'New International Code. 

out at Pant-y-dvr in 1966 and 1971. Special attention January were followed by severe cold (lowest Febru
° was paid to the following attributes: ary screen minimum at Pant-y-d~vr was -14.5 C). 

In 1961-62, little damage was noted at Aberystwyth
Establishment Vigor . (30 m), but tiller and plant loss was severe at 

Rapid establishment is crucial in overcoming Syfydrin, particularly in Dactylisglomerata, Lolium 
;ompetition from regenerating native and volunteer multiflorum and two synthetic Festuca arundinacea 
species and in reducing the incidence of frost heav- varieties of North African origin (Table 3). Subse
ing. Slow seedling development was the principal quent spring production was negligible in many 
factor in the poor performance of S.170 Fesfuca cases. Within perennial ryegrass, the early varieties, 
arundinacea,Phalarisarundinacea,Medicagosaliva, e.g., S.24 and New Zealand, were affected more than 
Trifolinn pratense and the Lotus varieties tested late varieties of the S.23 or Melle type. Identical 
(Munro and Hughes, 1968). results were achieved in 1962-63 at Blaenmyherin 

(Hughes and Munro, 1964) and in addition to the 
Winter Hardiness above species Holcus lanatus and Poa trivialis suf-

This is an essential attribute, particularly if long- fered severe winter-kill. 
term climatic trends are towards colder winters. Growth Rhythm 
Appreciable winter-kill was observed in 1961-62, 
and 1962-63, and especially in 1968-69 when ex- Particular emphasis is placed on production in 
ceptionally mild, wet conditions in autumn and early spring (April-May)-the most critical period 
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MUNRO
 

inhill ewe nutrition (Russel aind Eadie, 1968). The 
dominant indigenous species in the wetter hills, e.g., 
Mohiiianldo not cominence growth until June and 
only continue for three months. Existing varieties 
of most grasses found on hetter hill areas, i.(., 
Agrostis, An thoxantlhn, Cvnosuros, 1lolcus aid 
'oi pIrIilnsis, %wurellso lnarkedly seasonal, prod(u:-

ing less than 250 kg l)M/ha in early May (Table 
lt).y contrast, S.59, iistation bred Ied fe(scue.. 

t-stu:a fohrar) yielded i0 kg / ha, which was great-
er thin the yiheld of the majority of perennial rye
grlasses slestd.S..1 and S.51 timothy exceeded 1 0t 
kg/Im. 

Other Considerations 

l.e.if spol d stases (,Sehlophonia andI1rechsl;r
spp.) wv(r lrevil ll ol A r,'..s'lis an(] Alopec1U.iis, 
and slhve l) show"d l (rferen for An1th1ioxanlth-

uir, (.'o. ,vi lsu . (;lyt:,ria iid stone varieties of red 
I'escue.. 

EXAMINATION OF YIELD CONSISTENCY UNDER 

CONTRASTING CONDITIONS
 

A.V, i'sil dt 1li1' It'liii ry st:'ii ling, s.ubstall
lild by pevi(ils txlerierr:, in W.'iles (Diavies, 1940)
aid~ Sio lijiil IIlItihts ,iiil Nitilisiu. 19612: Iloont,iiln). 21 slei:i(s ,,'rte'lmNiiited. hmie196g o l w 

1.e.l ti'sicio', tand r ,t :tclov." tiil(tthy jereonj1il ryei risli-
d h~ rfil 11(ievs ing tilIlid (\telle il t : lli-

lions.. tlhe] i;ritt'i;i were, ise in Ithe Iss'ssi ilnt 
Of lrhleriil ti'graZill inld ci'lseritiil (illirier 

will Ih rlltt.rileil1cs, 
Red Fescue-Timothy-Ryegrass Comparisons 

l'ti 196 1-(i5, I ,i pe tirri! 1the three grasssi
if higlest tilertiall was sltitlie t illSytydriri lollw-
ing threel v els Of lime attlilicatiori ( .5, 5.1 i d 
7.5 I/ha). Reilialive viIlds in 1965 are given il T'Iiihh,

-1. S.,59 re'd li tle*gitve the hlighest prodctionO '1 
f!,](:h ]illUt+ t<lllll'islln wdiS r,tpmi llh-vil. This 


t~liny-ix'rd ul -- )~Ol c
r i ngl19 6 61W iIl ).(ll t liing2s o ils ,fI~i re h vlthritisItirgso 

hi: e i~(n 
S.8 \- wasli/ni~t ~ (dIl~isnOfvSi5 Mi111,197.1).li ii titi!(t annlro174)i. 

.411tlirillhy wais rrse1l3iid f aiind
kN.5 itrogen 

trealrits ;itte0, t3in l 69 kg Nt/rhaper'~, aum h 
were s''Kl tirtedm for thre limell tretiiiits. DNI yeld• 


TABLE 4. Comparative yields at 3 time 
levels-Syfydrin 1 965 (S.59 high lime 4000 

kg / ha) 
[I)\.i .i'' tt tt . 01 igt 1,11t.N1111 

h.itttt' Nhi't 

S.59.Iril fistile 72 991 r00 91 

.50liin(ilhti 612 15
511 77 


was highest from the red fescue in each year of
 
the trial at all N levels ('ig. 2). A higher proportion
 
of the yield of the fescue was produced in the spring
 
and autumn (Table 5).
 

Further evidence of the wide tolerance of red
 
fescue to adverse climatic and soil conditins, in
cluding moderate p1H and N status, waterlogging
 
and drought, has been obtained by the Hill Farming
 
Research Organization in Scotland (Newhould,
 
1974). 

TABLE 5. Seasonal distribution of yield as a 
percentage of annual production-Pant-y-Dwr

1967-69 

tiWi lii ,ihii4W 

"
"'[rii+im r i ititriSlritiStorur :"iutumn 

5.59 rd h sitit 27 24 411 "o 

S.23i r' ',r.rs 21 5. 25 ii 57 254Hi m,,th 26 ',1 234 22 54 24 

Comparison of Perennial Ryegrass Varieties 

Evidenc( tf tl irked variition in yield possible 
fml()llperennil ryig<riss illdil'rent yeirs alnd sea
- s in th hills is shown in l igire 3.(;rIovth curves
ill-[- fo ". S.23 rvi-rl,iss (i )I . brow),,n 1: ,1',,ilndlth 


st rliiley stoils trim 1967-71 it I ,, Totalt-ydv .
 
l i l e l it teltI ,tl r.(:P .ill', 269 k, N ,/hIi
3,ii tr'm s,.,Irds

vrierl riril t()t(H)9t)tt kg [J.NI] lon th, drier
_ ti 

soil ind :3 500(to. 5 000 k g hi. ti th(, pevat, rellecting
 
willla'l i eadlllhl r ist ileltfitiecl
1 so ir llli . The

d it i s dependent on the
I Ihwvel of N ip:plic:<itimi.

W ithin l rnniil y. iritis differ wiandl
 

ill total itd seismil viiI. ,"rnorg 20 recomin iended 
t lid r sntipi] v,irieties sown til'lltnl-ye H t titilin-ired 
dl'r in 1973. n(in ,intilil yields ili1974-75 ranged
from 2 500-4 5(1) kg hi. (Oinlpared with 197-1. theerel ctioiin in the sti(ll hi,l'v(,sl yiear becalse of 
drought rnged froim 11-62 ' with aIllverilge tif "299 
(Munro el 1.. 1976). Su1(ch flut~ititin illyield is 
obvitusly of c:ritic l inimrtaince on heavily stocked 

il arshill falrn s. 

FEED QUALITY EVALUATION 
The real (:riterioniof the value of ainy herbage pllint 

lies in its capacity to supply the nutritional require
imerts of the a inial. This is of particular importance 
in hill country w here the natural vegetation is 

adapted to survival in aIn inipoverished environment,
the dominant species having il characteristically low 
energy, prolin and mineral content (Munro t ill., 

.23 ryilqrass 5:1 7.1 7:1 67 1 



HERBAGE EVALUATION IN WALES 
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Figure 2. Herbage production from ryegrass, timothy and red fescue (Pant-y-dwr. 1967-69). 
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Figure 4. Seasonal pattern of digestibility (Pant-y-dwr, 1967). 

Digestibility is the mosl valuiale single expression fall in digestibility due to early heading and stem 
of nutritive value id laboratory in vitro determi- formation. DOM intake was lower on the S.59 pas
nations ('l'illey and Terry. t3i1) on new material tures, particularly in the period June 16-30 when 
are carried out early in the evalualion program. This it was only I88%, of that on ryegrass. Over 130 days
method is now being replaced by a pepsin-cellulase lanh liveweight was similar on the two species,
met hod developed at the Station (Jones, 1975). but ewes on the fescues lost 50 g/day compared

Preliminary assessments in 1967 highlighted with a '15 g/day gain ryegrass. Lower levels ofon 
possible ntriti tonalI shortl-cornli gs in S.59 red WSC, sodiuni and coball were also recorded in S.59. 
fescue. The mean DOM of intmhly cut herbage 
was only 4.5'1, in S.59 conlpared with 69",; in S.23 SPECIAL CONSIDERATIONS 
ryegrass, 69% in 5.-18 timothy and 74' in mixi(d Wthile Clover tvalualion. For fifty years, white 
ryegrass/clover swards. h'le seasonal palern is clover has been regarded as a key factor in hill landshnwiv in Figure . Ihlwever, despfite the lower
shigesi igurofte fesc.e th~er lule the loied improvement in the United Kingdom but little indigestibility of lhe fvscuo Ihe lotil annuil D(OM yild formation has heen available regarding its precisewas .% higher Ihan S.23 on the brown earth anI contributlion to the nitrogen economy and to pasture14". hig her on it staginogley. quality. From 1967-70 at Pal-y- Nvr, nitrogen fixa-

GRAZING TRIALS lion by the sinall-leaved S. 184 variety was assessed 
Considerable resources are required for adequate at nearly 100 kg N/ha (Munro and Davies. 1974). 

slutdy of animal performance, and grazing trials are Several other white and alsike (Trifoliuin hybri
only carried out in the final stages of evaluation. duin) clover varieties have been examined but none 
Intake is assessed under rotational grazing Iy pre- approach S.184 in persistence. A wider range of 
and post-grazing sampling of the hrlbage at weekly varieties is currently under examination with em
intervals. This is followed by analysis for digestii- phasis on establishment, spring growth and yield. 
ity, nitrogen, waher-soluble carlhihydrate (WSC) and Varieties for Conservation. h'le improvement of 
mineral content. Ewe and lamb performance is mea- the mountain pastures can result in a reduction in 
surel by weekly weighing. the spring grazing of the lower fields, leading to 

In a comparison of S.59 red fescue and S.23 closing for silage up to four weeks earlier and the 
ryegrass (Davies, 1975a; '1975h) poor gains in mid- harvesting of two cuits instead of the more traditional 
suinmer from the fescue were associahted with a rapid single cut or hay crop. Less emphasis therefore is 
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placed on persistenice ],icl it is possihle to Is(! 

earlier-growing Loliutm intltifloruill, L. mnultiflorln 
x L. perenne and L. imultiflorum Festuca Imtensis 

hybiids. In 1976, se'veral varieties in these categories 
yielded over 10 000 kg DM/ ha at Pant-y-dN\,r in May 
and July harvests compared with 7700 kg/ha from 

the hest peremniaI ryegrass variety. New tetraploid 
Trifolimn pratense varieties aiso show high promise. 
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DISCUSSION 

R. Blaser (Virginia, USA). It woul seem to me that 

we 	 haive spent y ars ild years working oI varieties 
ol genot\)e!s aind we have often obtained frag(in 

menited reserch. I would like to know if you have 
given any thought to really putting somev of these 
things into :tmplete systmlis tif miinagement where 
fairiers miliht hte using thelm. It is so much easier 
t) (1ithe piecenitil work, but wihi are we going 

to (o puttling things ills'yNvste whereilbolt thes 	 slls 

W, Cdn lse, the ilnforimtiot W,I,hil\(! Ill)%W. 

M unro. Y' sIrdiv. it wits inlvitii tl that illthe past 
there had been ialot ill il l', ies wily.ttaCi illthis 
I know nutritionists bave not paid much attelition 
to the agrionomy sidle, wvhertas the tgronomists are 

more linc:( rnell with improiving thw Lind witlhout 
toking Itr (!sponse illthe ,initil. We iare always 

thinking iltotit the sysitfl : ftie re-suits (i this work 
ill terms (if the ie lliirovliltit of highe'r altitilude 

ilastlrte:s 1' hvIen put into Jtril:til:e. Yotu siw in

forlilltion pterSilltell ol tiltsl:hlnte of tihl,M inistry 
experimentlh husban(rv farm which is (:irried out 

on prtiliihly 	 oyolttn land higher thali a y other linll im
ltroeit i lh I ;nilld KiliglOtl itidter very -evere 

t:onditiolls, w ith over.:3t000 111t l'ilitfill ilidifficult 
yagears. The mixitures lstel there wert iiseld on sjpeci

oilredficiition s dlraw n ip fromi th is wo rk asied 
fescue, tinlothy. r'eTgriiss, i( whiti, (;h vr. Sim ilar% 

lv, w e ill!Irving to fit these illeW hbry ids into the 
.'yst'lerSot W ! iire not looking illthings il isolaltiln. 

WI(! do the test lig, first of all, illsmiill plols and 

girazing tri;ils oin iur sttillion ut its so1onl1 is olssiblh 

we get n(ito Ill farlm for tl farmer's reaction, 

Itecalisc. Is yo id,tlh;il final testiisso righitly is the 
of lily vairi ,ty. 

!.Balasko, (West Virginia, USA). 'Il fescuel is a 
very (hesiriil l!spe:ies in our l i;e', uIS it is in many 

middle latitule slites in Ihe 11.S. I am wondering 

whether or not you hahve( lookel i viability in 

the qullity if tldl fescll (estli;a arili(inlacoUI) and 

whether or not you feil that there will I much 
progress i thle festuca-lliuim ;crosses illterms of 
providing something that is ia;good agr)nomically 
as taII fiesctie is. 
Munro. As Ishowed in one o(fthe slides, we looked 

tit tat fescue, but inder the more extreme condlitions 
it has serious limitations. Ilnterms of early spring 
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prOdi:tion, it is very attractive because it is the to have cattle in the system and you probably have 
earliest growing of the sown grasses on the hill, but to have a conservation cut as well in order to get
its urain shortwomning is slow establishment and very away with the problems of stand formation and 
open swards thereafter. Another major shortcoming deterioration of quality. Because of these !t.j.ons
is tli diffictulty of management. As I said, these we have stopped work on tall fescue at present but 
are inioliiy sheep systems antd we have found that the hybrids with tall fescue antl perennial ryegrass
in o1(der tomanage tall fes : properly you have offer some potential. 

25.
 
Hill Pasture Improvement in Galicia
 
F. X. Sineiro 
Instituto Nacional Investigaciones, Agrarias, La Coruna, 

(;lici is the NW :orner of Spain, situated just 
thithe north of Porlugal. It lies between 41'30' andi 
43'3' N latilude andirepresents a tolal area of 2.935 
million hI (AEA, 1974). The topography is quite 
hroken. with a predomninance of undulating and hill 
land. Flt land is usually limiled, except for Ihe 
important plateau of central (;alit:ia and a few otier 
l)li(:s. IFlat Ilnd is also frequently isolated hy (;oni-
sidterabh, areis of hill (ountry which delimit the numerus river (3.1V,V.

v 

Cvn v lies helel anil
300 ;il(] in.Limited moon-
taintous areas are situated in the E and SE reaching
altitudes oif ip to 1400-1800 i. 

It is estimated that, in Galicia, hill country repre-
stnts amiod 50" of the total area with 1.530 million 
ha (Azcira t,, unpuldished data). This area is (:onsti-
luitd hy coastal hill areas (200-400 in) and moun-
taiinouis areas of ovvr 1 (000 In. Actually. about t30% 
of hill :oulntry is in aln undeveloped slage, mainly 
dominatd by scrub, togelher with reduced areas 
of rough pastures And woedland. Forestry planta-
tions follow in ipertc nt of area oc(ulpie!d, and the 
reiainer itlides some peranilntllt anti improved 
plasltres iand ocasional t.ropping. Therefore, the 
undevloped hill t:ountry represents a tremendous 
land asset in a populated country such as Galicia, 
which has ).3t16 million farms in its 2.935 million 
ha of total aiea (AlA, '197-1). 

CLIMATE 
(al itia oc:cupies a border areca hetlween the humid 

teinperate coastal region of western Europe and Ihe 

Spain 

inland areas and from lower to higher altitudes, has 
resulted in the defining of five main climatic zones. 
We follow the classification of Walter and Lieth 
(1964): 

1.V.IV." Warm-temperate humid climate with a short 
(try period. 
2.V.VI. Humid climate with short dry period and 
cold wirer. 

Subiledilerranean coastal type.4.IVVI. Submediterranean with cold winter. 
.X. Mountainous areas over 1000-1 200 m. 

With respect to the hill country the importance of 
slope orientation must also be taken into account. 
In Galicia rains come, in general, with S-SW winds 
from atilumn to spring and with N-NW winds in 
summer, therefore providing an advantage for north
oriented valleys and hillsides in summer. 

SOILS 
Soils are mainly derived from granites and schists, 

the remaining coining from sandstones. quartzites 
and some very localized basic rocks (Guitiiin el al., 
1969). As a result of low base :ontent in the parent
material (except for basil: ro(:ks) and winter leaching, 
soils are poor in hases and quite low in pHi. Mean 
p1l values for a large number of soil samples were 
pH (CIK) = 4.9 (pll (CIK): plH measured in CIK 
solution) for granit derived soils, 5.0 for schists 
and 5.4 for basic rocks, with the groups heingsignificantly different (Munoz ef' aI., 1962). 

Mediterranean region. This is a; climate with high
annual rainfall hut w ilh ,Idry period during the 'I Itmis clssificaio nitie Idii climatic com poets are ien
sumin:r the poor distribution of rain is usually more ty Roman mnuhers, IV: mediterrariean (;tiinlie; V: warm
tunfavorable towards the S andi SE. This factor, in tlmperate htmid :tinae:; VI: Iumid ctinat wiilh (old season: 
additiontot ilt noirmal variation from (oastal to X: mouniaios climae. 

157
 



HILL PASTURE IMPROVEMENT IN GALICIA
 

P contents were very low for all of the three groups, 
there being a considerable P-fixation for soils in the 
pH1 (ClK) range 4-6: this being about 50% greater 
than for soils of pf1 6-6.5 (Munoz et J., 1962). The 
situation was better in the case! of K content. being 
mainly moderate to good, the granite-derived soils 
showing the lower values (Munoz vI a!., 1962). 
Texture is light for granite and heavier for the other 
two groups (Guitian otA.. 1969). For similar Iopo-
graphic situations, soils over granite tend to he 

shallower. The organic matter con(tent is high with 
a high C/N re-lationship, and poor hurnification. 

Most of the hill (:ountrv soils are classified as 
Ranker soils (unbrept) (A/C profile). which usually 
occulpy hill tops aid sidles. When topography permits 
its development. humid brown earth (distrocrept) 
(A [B] C profile) is the climax soil and it is present 
in lower areas of hill country. A related soil is the 
subhunid brown (earth present only in wamvest and 
driest areas in the smth. The re ire ilso small irias 
of localized podsolizel soils (only over q artzites 
and sandstones) ad organil; soils. V'aritioins of glev 
mid pseudogley soils can appear due to local drain-
age conditions (CSIC. 19(i8). 

VEGETATION 
Undeveloped hill country is dominated by scrub, 

denominated generically by "*heather" in this case. 
It appears mainly as a result of the deforestation 
of the community climax, forest dominated by oak 
trees (Quercetea roboripetreae ) and the dchgradation 
of conditions which 1night lead to its reversion. (Only 
in altitudes over 1 20() m dohpoor niollnkin(os 
pastures dominated by N,rdus strihta appeair and 
then only in isolated patches from 15010 inl onwards 
(Bellot et al.. 1962). There are four min types of 
scrub. (1) Scrub dominated by gors(! with Erica div. 
sp. and Calluna vulgaris: (,licin otiIae corril inlunity, 
Common gorse ((flex europaeos) is pretsenlt in cooastal 
areas and wherever it was sown: dwarf gorse ((hex 
gpdlii and U. iianus), on humid soils or inland areas. 
(2) Ericion australis comminity in lhe more cont i-
nental and poorer situations where Erica a 1strldis 
and E. arboreaand Calluna dominate Ihle( scrub. (3) 
Cistion hirsuti community in the subnediterranean 
conditions. In addition to Erica, Cailohi and gorse. 
Cistaceae spe:ies appear more abundantly. (4) 
Sarothamnion scopariav community dominated by 

land eitherhroom (Sarotharnus, Ctissus and ;eniis/t sp. ) (t1hel- must bev changl toIdirectly prlloductiye 

lot (,Ial., 1962). 
The natural herbaceous vegetation which lives 

underneath and between the scrub (more or less 
abundant depending on the height and density of 
the scrub) is composed of rough grasses (like Ar'-
henatherum thorei,Avena sulica/a, Agrostis se/acea) 
with only traces of better grasses, some broadleave 
species (like I-ypovhaeris radi(a/a, Pedicularissil-
vatica )and the bracken fern (Pterisaquilina ). Almost 
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the only legumes represented are Lotus corniculatus 
and L. uliginosus and these usually appear infre
quently. 

It is important to indicate sonev of the properties 
of the common gorse which make it difficult to 
ontrol in an improving pasture. Gorse is a high 

seed producer, and large populations exist in soils 
inder gorse. It has a high potential for grovth and 
responds quite well to ferlilizers. It recovers well 
after cutting, grazing or burning and finally, its hard 
thorns protect it from heing eaten by most aninials 
once it has outgrown tlhe juvenilt stage (during 
which it is soit mid lacks thorns) (Sintriro, 1974). 

TRADITIONAL USE OF HILL COUNTRY 

In the traditional agriculture, hill areas were indi
rectly integrated into Ihe existing farms. The most 
accessible areas were used for occasional cereal 
cropping (every 5-10 years) in soilI of long rotation 
scrul-:ropping-scrub. During the scrub stage the area 
was cut several times to plrovidh, allnimal bedding 
and manure. After the last cutting soids were dug 
ll,heaped id(1 burn(d, and the iashes were spread 

over the whole paddock, usually as the only fertilizer 
for tle following crop (mainly rye). Cropping fol
lowed for 1-.2 years and thIni nalural reversion to 
scrub took place again, giving some rough grazing 
in the initia stages. Since thelast century, farmers 
usel to I., javils) with themix gorse seeds (l,'h1x -Ih 
last crop to proi io ,i gorse-dniiiint scrub. Gorse 
was appreciated h its high growth potential.leciuse (f 

its considerahble N-fixation by rhizobhia (Egunjobi, 
1969) and the ready decomposition of thei material 
cut from it to give a g)dlllmanure (Carb;llas el I/., 

1966). Other mor uinaccessihhl hill coltry was 
mainly dedicated tI(rllugh grazing ind to providing 
some wooid and timhi'r. Most (If Ihe hill land was 
under c;ommunal us,; e(ven today 0.55: million ha 
are communal iand (AEA, 197.1). This kinl (If pre
vailing relationship (if the hill (c(Iilitryto the existing 
farms prev'(nt tl in general thi development of those 
areias in new farms. The decline of traditional agri
culture openeld th way til iwuses for hill country: 
introduction (If fertilizers as alternaitive sollrces to 
ianulre, use (if stalls which do noIt require bedding 

and the fact Ihat intermittent croplping was becoming 
uneconomical. Therefore, most of Ihe hill counLtry 

for improve' liistur!s or flmstry plantitions, leaving 
some for reserve land and leisure. hrestry plainta
tions are much molre ,dvanced than pastures in their 
actual expansion (oi hill o(untry. Work in hill pasture 
improvement htgillea (,aly 19(i()s (Nest lh',in tli "1969; 
Zu lInet a, 1972). In the last ton years farmers have 
become aware of the potential of land development 
as pastures (In hill country and Ihis has increased 
in recent years. 
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PASTURE IMPROVEMENT 
 early production of dry matter (DM) after cutting 

Pasture improvement includes the introction of was significantly better after plowing than after the new species anti improvement in soil fertility condi- other two treatments. The disadvantage of plowing
ins follouwed by adequate management and hy was that it brought stones up to the surface. Theadequtte and efficient systems of utilization by difference between ciultivator and rotovator was not

animals significant illspite of the poorer soil preparation
This study is mainly related to the first aspect at sowing for the former. After burning, differences

oif paslure improvement in hill land, i.e., pasture in early production of DM were not significant, inestahlislmneit, and it will consider some of the work part due to the high Standard Error (SE). Burning
duine in systems of cultivation, responses to major facilitated cultivation, especially in the case of cul
nutrients at establishnent and methods of sowing tivator and plow. Bturning Also led to an improvement

after cultivation, minimum till; ge and no cultivation. in the DM production on the crultivator treatment.

Due to the large variation in conditions throughotIl Fertilization at Establishment
 
the country it is necessary to lay down field trials
 
in the main zones to evaluate Ihe iflajor variables In an attempt to measure the esponses in pasture
in hill pasture improvementl. In this first slage Ithe estailishment to 
 P. K, and lime several trials werefive main climatic zones are followed md trials are laid own for the dliffetent zones, The samebeting laid down on the mots representativ soils, mixturewas uised for all the trials. Itwas composed o1 Itatiac:one per zone. 

ryegrass (Lolimun imultifloruin ), cocksfoot, red (clover(Trifolium pratense) and lad ino white clover.LAND RECLAMATION WITH CULTIVATION Table 2 lists the results of the first year's production 
Elyilv land reclamation used to follow a long for the P, K and lime trials on schist-derived soils
 

p)rml;(!ss ttf utultivat ion using pioneer crops ( 1-3 years) in Zone 1 (Mabegondo). The results of P and K trials
 
or of' fallowing the land for a year. These l)rocedures on granite-derived soils in Zone 2 (Parga) are shown

had the adv'antage-s if leveling the land, improving in Table 3. The early DM proluction results for the

soil preparation tiy nans of repeated cultivations P, K and lime trials in Zone 4 (Maceda) over quart-

Ter long periods tf lime and depressing scrub weed zite-dhiived soils are Presented in Tale 4.
 

poptlat ions (Nestl6, 619: Ziluela, 1972). In an
athelltl)t to avoid long per[ios prior to pastutre e!stab- TABLE 2. Production in MT DM/ha during thelishnwnt, land reclanition direct from s(:rub to first year (1974)
pasturet in short leriodIs was begii 
 more recently. Zone 1(Mabegondo-C), soil pH = 5.2 
Systems of Cultivation 

In oiLer to evalilhte the (ffects of different sXvsteIs Phsphorus flotassium Lime 
of cult ivaiioin ii triaIwas set uI) on an areaiof schist Kg MT
(erived soil (depth 0.5-0,7 ill)in zono 1.The elimi- I'.). /ha Prod. K.O/ha Prod. Limestone/ha Prod. 
natiltn (ifscrub vegetation by cutting, or cutting and
hluiriling. wits followed ly three systemis (if cultiva- 0 0.39 0 6.12 0 4.62tion: (1)heavy cultivator (light Inixing of Ihe soil): 60 3.93 60 7.26 2.5 11.:33(2) rolovillor (devp Inixing of soil) and (3) iplow 120 6.42 120 11.01) 5.0 9.87
(inversion if Ihe soil). All tese tra'ili lt s ielreli 7.91) 180 t.116 lli.0 9.15 
followed by iafinal llreparalion with a (list; hirrow 240 9.2.1 240 7.20 15.0 10.92 
and sowing with a inixture (if perenial LSI") 1.11:l'i grass (F) o.S. 2.37
(Lolintiprenne),ctiicksftit (Dactlivsgionlitr it.rn Ct) 12.1 2.0 20.)( 
white (ltver (T'rifolilill rt'1 ils ). 'ible I shows that (Pifiir,, and l'rez., inptlished resulls.) 

TABLE 1. Production in MT DM/ha from sowing( 9 /75 ) ; 7 / 76- rom the results of the three trials, a spectacularl r he r s l s fth t r e tr a s a s p t a u r
Zone 1(Mabegondo-C) response to P up to high levels of 120-1130 kgZone_1..:
1 CX, / ha (equivalent to 670-1 000 kg/ha (If super
rl,,itiitlil 'sjhor ,atr 3.Ph '
I. (itijt 2. l_______________._____________2________________.__________ phosphate) was evident. Response to K varied withsoil type. There appeared to be i ioderate response 

(iitilig 1.75 1.13 2.25 SE 
to the!first level of K on the granite and schist-(erived= 0.17 soils (40-60 kg K, (/ha) and there appeared to he 

uI,.) i0.-L2o5 a good respoinse ilquartzite-derived soils in zoneillr ii -.1. .61 0.i" 2,.", 47 4 (upIt I120 kg K.,O/ha). From tw ) trials (Tahles 
2 and 4) produ(:tion was quite responsive to lhe 

(Silnir, . unllilishil resulls.) first level of lime (2.5 MT ground limestone/ha of 
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TABLE 3. Production in MT DM/'ha during the 
first year (1975)-
Zone 2 Parga-Lu. 

Phosphorus Potassium 
Kg I.(). / ha Prol. Kg K (). ha Prod. 

0 1.23 0 2.44 
it") I0 -. 3.211 

12(1 3.10 lit) 3.:33 
tIo 3,WI 120 3.T3 
240 :3.05 1t0 31.4 

LS[1) (5) (Yi6 .S. 
S..E. 0.42 0.65 

(Kiftv .fl t C(;d izhiii, LrH'll slOntI '4 t s) 

TABLE 4. Production in MT DM/ha from sowing 

(9/75); 7/76-


Zone 4; Maceda-Or. soil pH = 4.9
 

Plh'phorus P1lt,I" iim 11111v 

Kg KI Ni 

I). , Prit ( hI Pr,,, l.i .Li,,,,'h, Pri, 

RI0.01 1 174 01 0.67 
0 (1 0.34 (io 11Ol 2.5 1.05 

1210 0 litl 12(0 1.57 5.0 0.114 
lt1) 0. It I Il11 1.45 10. 0.7, 
240 0.85 

LSD (5;,) (1.211 0.42 0.21 
S.E. (.17 10.26 0.17 

(Sineiro. unpublished rusults.) 

44% CaO). Lime was indispensable for clover estab
lishment: no clover was presenlt where no linmstone 
was applied, whereas it was adequately present from 
the first level oInwards. F-ertilizers apiared as lhe 
single most important factor (from the e:conomic 
point of view) in pasture establishment, due mainly 
to the high responses to) Pand lime. This was quite 
a predic:table result in view of the results of soil 
analysis by Mufioz el W. (1952) and the (.lhepltion 
of soil fertility which the trai(litional us( (f hill 
coulltry imposed. 

These high responses to fertilizers suggest the 
importance of studying llt effect (f fertilizer ioe-
nient as a means of reducing the high rates needed 
an(l improving the efficiency of utilization, in view 
of the favorabhl. results obtained in similar situations 
in Ne., Zealand (Cullen, 1971). In this respe: the 
good results obtained with the sodsveder in two 
trials can be eX plained in part by the effect of P 
and Ca plaement (Tables 5 annd 8). 

Methods of Sowing 
The (;ffc:t of the methal (of sowing on pasture 

est;illishnent oil land coming fromn scrul in zone 
1 was studied. After cutting and burning Ihe scruh 
vegetation and cult ivating the soil ti following four 
Ireatmenli's wer compared: (1) rolling, conventional 
grassland roller seeder with a double Cambridge 
roller; (2) broadcasling plus compaclation, the 
hroadcasting oif the seed followed by a firm 
comip'Ictalion with ti t'actor wheel s: (:3) drilling, 
placement of P-Ca at normal rates; and (4) drilling, 
placI:enlent of P-Ca at half-lormal rates. 

"reatlmenlts :n .11( 4 wvre rolledI prior to sowing. 
P-Ca rates were 150 kg P., (), / ha and :1 MT (If ground
limestom,!ha for treatments 1. 2 and 3, and half
these rates for treatlin tll 4. Thel inixtlire tused was 

pereminial ry'vgrass. c:oksfuot an(i white(clver. Early 
pridctlion results are shown in Tahle 5. Broadcast
ing plus clompac:tatin gave ill highest I)M protduc
tion followed by drilling (normal P-Ca rates). Ioth 

TABLE 5. Production in MT DM/ha from sowing
 
(9/75); 7/76-


Zone 1 (Mabegondo-C)
 

Mfiho~ts I 2I , 

Pr(IIduCliur I,( 9" 17 21.34 IM.11 
LSD 15',) : (131 S;E (0.2 4 

Siwiri. tiium lished ,ut, 
1. )flvi ontt 

2. tirohtins g . h.a. , r ling.:1.M~illing. Lol"I:i'd, 111,11a l)-(C, r.1lh.S. 
41. Drilling. LOUd:,lizil h,1f P.C,I lalhs. 

of t hem differed signiticant lv from the iolher two 
treatments. lroJadc:asting appeared superior becaulse 
of both uniform seed (dlstril)ltion and subsequnt 
rapid covering (f it gromnil ly the so)wn plants 
and the firm compactalion provided by Ithe Iractor 
wheels. The(c;onvertional grassland rllher s(e(dr dfid 
rilot appear adequate, for pasture esthahlishmnent (I 
land coming straight from scrub. Rollers were light 
and did not cover the seed well or provide a firm 
s(elled. Clar lines of lasture bands (:()iling from 
the drilling trealnls testifieid to the good estbl
lishmnet. :over establishment was better than for 
the other Iwo trealments. Lower early production 
from drilling conpared to broadcasting is normal, 
because plants have nolt yet covered the ground 
between sown lines. Re!sults ,of drilling with half 
the rate of P-Ca were prom ising in terms of more 
efficient use of placed fertilizer. 
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Mixtures of Species TABLE 7. Production in MT DM/ha 1975. Means 

Two trials were set tip to evaluate pasture produc- of two mixtures
tion from four mixtures on landI reclaimed by cul- Zone 4. Maceda-Or.
 
livation in zones 1 (Mabegondo) and 2 (Pargu-Lo).

The mixtures were: (1) Italian ryegrass, cocksf.,ot, Trlaiemnt i 2 3

red and ladino white clover; (2) perennial ryegrass,

coc:ksfool and white clover; (i) perennial ryegrass "rotal DM

and white clover, and (4) (:o(;ksf(Jot and while clover, produclioi 4.H2. SfE 0.2 :1.17 SE 
 0.32 2.64 SE = 0.37
The ianagement regime was to cut whenever height DIM produced by
of the paslt(tre was 20-25 (cn. Total DM production sown spucies 4.01) 2.54 1.06

for the first year is shown in Table 6i. Differences ';,sw Species 90 80 40

in prodilttioli etween tillhe four inlxiures 
wei'e not (Siiwnvi, unpublishud results.)
significant in zone 1. Mixture 1 was superior to Trfmaliuents:
 
the olhers in zone 2; this resull inay have een(li(! 1hl.Mo cultiv alion.
 
Ito a beller expliilttion of the ilvirollnltil condi- 2. Minimum Iillaw.
 
lions Ihroiughigreater vigor of Italian ryegrass (luring 
 :. No cullivaIioun.
 
the first year.


Compairing product ion otliaineld for estblished perennial ryegrass and while clover. The results of
Piisturles in cropping lariid (Yepes 0, al., 1972) with the first year production are shown in Table 7.Ilios, ()l '[ible 6 for zone 1, the latte;r rel)resents Minimhum tillage yielded interesting resuls in regardoniy ibotit 5(1% of lhe foriner. Therefore, even taking to the points mentione(d above.
into iiccoin tine generally letter conidilions of crop- In order to further evaluate different systems of 
ping lind. it is clear that there is i greall potential minimntim tillage compared to no cultivation, a trialIho i inmpr(ovemeni1,lit hy iadteqlte iallagelilent illi soil was set tip in zone 1. There were four treatments
ferlility. after ctittig or cutting and burning the scrub vegeta-ABLE6.Production in MT DM/ha, 1975 1ion: (1) no ;ult ivation, (2) disc harrow, (3) sodseeder-placement of P and Ca at normal rates and 

in of (4t) sodseder-plhacement of P and Ca at half normalMixo, 1 3i .I niilluis rat es. A mixture if perennial ryegrass, cocksfoot andwhite clover was used. The triail is being rotationally 

grazed by sheep.z7.o, 1 5.1 15.49 5.i7 5.44 SEl-.71 ni.s. 5.il 0. 1i Earlv lNI production results after burning the 
(511;1! scru are shown in Table 8. Totli DM viulds were1)Z 11i 2 5 ll 3.71 3.54 3,67 SEor.44 4.:1 t i.13, not significilntly different. Stiatistically'significait

1,S1(5";,):-:l.7l (5) differences only appeared when the results were 
(Si'oi, Uhltihd rsults.) expressed its thie yield provided by sown species.ti iius: iSodseo(lirg with norail rils of P and Ca was 

iliin grir i ks i o: ,'r t 1it1 whill, clovers, 

, i' ii,,r. TABLE 8. Production in MT DM/ha from sowing.1t ;,,,:if,,, ,,.ui..,t,,,.,. (9/75); 6/76-

Minimum Tillage Zone 1 (Mabegondo-C) 
Miniimum t illalge s,ystuiis ill! important in redtlic- Treinlt 1 2 3 4

ing costs 'mid in establishing piilsttires where iore__
( ilnletl, tult ivil ion woull hieneith r pissible nim r i PM
ri\,onu 1ir iinml becllse if erosion plroblems (excs- proctini 1.71 1.13 2.11 1.77 n.s. SE = 0.33
sive slob)'Ialiriace uif surfaMce stones or tidrained DNf produ:d
wet soils. by sown

In ia deinoistration st lip ;in zolll* 4 (Milceda), slecifs 1.04 1.53I 1.79 1.15 LSD (5%)=0.54 
threel intlil s of lind reclllilillion were conpareld. '. sown SE=0,26
After :ullilg and burning the sitlh vegettion, tl spucies (61 14 82 65
follow'.ing Itreillnills were applied: (I) collmplete (Siniro, onpultuishut rustls.)
ciiliivat iuioi--pilowii g, l isc harrowing llnd so\wing; "rieiieneils: 
(2) ininiiini lillage-disc harrowing and sowing. 1. No cullivaition. 
aind (3) i(o cult ivat ion-o(ersoWillg. For ilch nelh- 2. Disc harrow. 
iol Iwo inixuiores were used (1) Italian Iyegrass, 3. Sodsveder. NorniI P-Ci rites.

(:o(;ksfool and white clover, and (2) Italian ryegrass, 4. Sodstder. Half P-Ca rates. 
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significantly greater than both no clt ivat ion and 
sodseeding witlh half normal rates of P and Ca. Both 
sodseeding treatments gave better establishment of 
clover than the other two treathments. All treat ments 
appeared better after cutting and burning than after 
cutting only. This can be explained Iy the removal 
of (:onipet ition in early establishment and the better 
conditions provided for the act ion of machinery 
together with the small addition of nutrients provid-
ed y theilashes. 

LAND DEVELOPMENT WITHOUT CULTIVATION 
There isa (:onsiderable area of hill (:ounlry in 
ici(ia where the use ot ma,,hinery is neither possi-

ble nor reco(mmended. Therefore, the only way i) 
improve pastu re on su;h Iandl is withoot cult ivation. 
The follow-up oif initial re,:lamiation ;tivitits takes 
oili e imll[portance illthis a:,Ise (this appliesSp:cial 
llso mostly to the minimum tillage systenis). The 
initial pasturs 're rieallv mu1l(.h inferior to those 
usoally a(:hivetd by cultivation. It will lelnd fn 

anag 	 Ienie' im posed whther th pl u' ithir 

reverts to s;rub agaiin or ifll)pUlls with ile years 
to beco~me a highly prm)uctive pastlrl. The(refo, 
this kind of land ileve-lolimeurt is uihrsetlm)(i inI thet 
(:ontext of the whole system of inatialgeuent (illl-
ing animal and1ig Iemllt and syslmlls If prmlmctionl ) 

to (:irry the ln(hv''elop ldsl:rtlb throullh to i iJiI'led 

pastureIs. 
A tleveloplitlt systerin is heing used which in-

lludes burning (with and without previous :tlttiog 

of the scrub). tiversowing ndll distribuliti n of fe-rtiliz-
er. Grazing follmvs vith short (ttitilnsl lld high 
(;oncentratlions of sheep (about 10(0,iha). Tl' first 

grazing is given itsstlm ias lhe pasture p lnls 
able to resist Iwing pulled (lilt. plants heing 7-10 
cm in height. 

Adequate burning hais proved very iniportaint 

eliminating early competitin t vrswn steds and 

in (hepreising early regrowth from the s;rlili weeds. 
This last aspect can be seen in i trial inizolle 1. 
The effects of a glo d (compared to a liglht burning 
on the (controlof regrowth (oming fron gorse stunipS 
are being measured. The same grazing management 
with sheep as dfescribed above was initiate-d after 
sowing. 

Gorse stlimps without regrowth or (controlled(r,!-
growth were c!: :.in the case (It he ,well-burntarea, 

and 58' ;,in lhe light-burnt area, tihdifferen;e being 
significant (Sineiro, unpublished). In both (cses tl(-he 
imposed grazing management achieved ain almost' 
(;omplete control (If gorse seedlings. Experien e(;to 

date suggests th at burn ing sh ould n ot be excessive 
so that the caking of solrfi e(;; he avoided; ifcan not, 
then it is harder to,obtain tgood establishment of 
plants, lhe ashes (;an be washed away and redllic(ld 
water infiltration increases erosion problems. 
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Control of gorse, where necessary, can be done 
by herbi(ides; 2-4-5 -T has proved quite effec:tive 
(Zulueta, '"972: Costa, INIA unpulblished data). 

Total first-year produt ion ranged from 1.88 to 
2.25 MT DM/ha (S.E. = 0.47) for five mixtures 
oversown after milting and burning lhe initial scrub 
vegetation. Contribution of sown spec;ies was 20
35"t, (Sineiro, unpublished data). Trials in progress 
also attelpt to evaluate reclanialion by oversowing 
after only cutting the scrub. Early establishment 
appears to Ie ionre impaired by (:oifliltition al(l 
regrowth of s:rub is more svere. Early grazing seils 
more difficult andihe animals nee to be pushed 
harder. 
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26. 
Development and Productivity of Overseeded Pastures on 
Hill Country in Northern New South Wales, Australia 
P. M. Dowling 
New South Wales Department of Agriculture, Australia 

'll aerial seeding of pastures in Australia has 
been carrield oit sporadically for the last 25 years
since Ihe pioneering effort of A. S. Nivison in 1950 
(McDonal, 19611). 13i its use has been confined 
mainly to Ile tahleland areas of sotlleastern Austra-
lia, and resulls have generally heen poor (New man,
1966). In New South Wales, tll! polenlial for aerial 
seeding is immense, wilh four to five million ha 
of non-arable hind in the slahte which can be improved 
only by aerial rnelhods ((;ruI and Pearse. 1959).

The northern talelands (Fig. 1) of New Soulh 
°Wales (latitude 28°-32 S) cover anioarea of 2.,1 million 

ha of which 1.3 million ha are classified is non-ara-
ble. It is estiiiated thal over three quarters of this 
area carries natural pastures of' low stock carrying
capacity aid is d(inimled by sum mer-growi rig na-
live grasses. The rainfall paltern is sunimer domnilnt 

635mm 

OLD 

Brisbane 

tablelands 

NSW 

ey 

Canberra 
Vic 

Figure 1. Location of northern tablelands, New South Wales, 
Australia. (After Anon., 1964) 

with 60% falling between October and March (Anon.,
1964). The annual average precipitation ranges from 
660 to 1 020 mm. Mean monthly temperatures vary
from 5-90 C in July to 20-25o C in January (Spencer
and Barrow, 1963). Snowfalls are light and infrequent 
and at least 50 frosts occur in winter (Anon., 1964).
The soils are inherently fertile and respond readily 
to ferlilizer application. Phosphorus, nitrogen and 
sulphur cleficiencies are widespread (Spencer and 
Barrow, 1963). 

The strategy for increasing livestock productivity 
revolv~s around the introduction of a legume into 
the sward. The main legume is white clover (Trifo
lium repens). It is relatively easy to introduce aerial
ly, but the estahlishment and survival of persistent
perennial grass species such as fescue (Festuca 
arundinacea), phalaris (Phalaris aquatica) and 
cocksfoot (Dact'is glomerata) have been less suc
cessful. Most research emphasis has therefore been 
on improving the level of establishment and survival 
of grasses overseeded on natural pastures.

The objective of this paper is to present some 
of the resulls of trials that I have conducted on the 
northern tablelands in recent years. In these trials, 
aerial treat ments were simulated by applying seed, 
fertilizer ariid herbicide either by hajd and hand-heldeequipment, or by ground mac hinery. All seed was 
sown onto an undisturbed soil surface. 

OPTIMUM SEEDING TIME 

Ili most countries optimum seeding time is fairly
clearly defined, owing to restrictions of hot, dry 
summers and low temperatures over winter. Under 
the milder climale of the tablelands of New South
Wales, seeding has been undertaken in all months 
of tle year. Thus there was a need to determine 
the seeding time that would maximize the chance 
of success. 

Establishment from 29 monthly sowings at Glen 
Inries was related to available soil moisture in the 
i6-week period following seeding (r = 0.78). This 

relationship between available soil moisture and 
estahlishnient was then used to simulate establish
ment for ("1 years, using historical rainfall data to 
estimate probability density functions of establish
ment throughout the year (Dowling and Smith, 1976). 
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Figure 2. Cumulative probability distribution indicating extent 
of likely establishment success when seed is sown at several 
times throughout the year. (From Dowling and Smith, 1976.) 

From Fig. 2 it c~an 1w siwn tht the pihaililitY
(of maximuml est'tl~ishrxlilt occurring" is ,r,,tt= slwnfmaimum esrt;ii shnientis mn~ru -u greittest 
%%henain itret is seeded duinng thw fiiti-jukv p~eriod 
and least whien seedvd dilling the wrn lwMonths 
of the yeir.

Data :ollected il this experinwnl .-htv (h1 
,iso(iatlion lIwtween estlablislhmnt, the growth stage 
al which t se lling he(i;ornis independent f see 
reserve., and survival. whnh Itlres the ablili 
of the seedling to survive its first stnllimr. Front
the landownrs viwpoint. strvvl is of greaterimporane n etabiMen1t.SUW'Vi~iimportian-ce thain (!,1;ihlishirn i a Jne-rnl, With if juilf-11ul% 

seeding, plaints h~ive rniore time to (icl theirthip 
systems S.ufii(.ient1v to withstand rm-oistur, stress 
(luring the siirnrne . Seeding eilder mxi% Im1ean re-
duced estiablishment (Fig. 2); see(iiig liter, reduaced 
surxvival. 

SEED COATINGS 
The list: of set,'i coit inus to improve establishment 

of oversxwn seed has been evaluated in til [.S.
and N(w Zealand with widelydivergentresults(ll 

el al., 1963: Viartha and Clifford, 1973). The dramalic 
increases in establishment from coated seed in Nexw 
Zealand prompte!d a similar line of work in Austrida. 

Two types of coating were compiirel with Incoat-
ed seed from the same seed source. Specis used 
were phalaris, ryegrass, subterranean clover and 
lucerne. BJoth coatings signifciintly in creased ger-
mination on a bare soil surface in the glasshouse 
(Fig. 3). In the field, estallishment from coated seed 

50T J 
I8LSD (P<'05) A 

coatings le 

40 * nil 
inert r J , 

a nutrient 

6 30 1 
I / 

-0 
o 0 

- All -

0a 
5 6 7 8 9 10 

Days from sowing 

Figure 3. Effect of seed coatings on mean percentage germina
tion of seeds placed on a bare soil surface in the glasshouse. 
Species sown were phalaris, perennial ryegrass, subterranean 
clover and lucerne. 

si(i lficantlx' ext edei thail of unlihiated seed int oly' 

90", )f seedings., these heing during the warmer 
nlJlhs of Ihiv year whln aerial see-ding would not 
normilly liw considered. Co)uating generlly depre!ssed 
gtltilinition in lieri iishes.[The tontrlst hetw'el resultsmxv ailnd Ihos, tilitne~d in New Ze!aiand (Vitrlhai and Clifford, 1971: 
€'Si;olt, 1975) wis poiablx uisi-d by a greitr amou fnt 

(ifveelalive ;iover taS. 500t(] kg/ ha) compimrd with 
the sparse groundTlhe hig~her rehalivv!coverhumniditvil illlthwil'iNewgrunZellind work.lvvlun hf

h i voi 
vegfetativ (tver iciliaiy achievs the, sun net 

ffetl. as the seefc lresei;, cow maxlinge o ig. of vedr 
nullify the effect of the seel coating. 
VEGETATIVE COVER 

t:silislni ron ovirselings iii drier and iiore 
variable rainfall environmients hats lven shioi ti 
illprove whell ground couver is pjre!selt (irat t, 1964;
Dowling ef aI.. 971). .x'ralreisons for this re
sponse to cover have beell siggested and inchlde 
incrleased soil moisture: conteunt ((;hr!idenJillg, 1912): 
reduced hemperailure: varialion (Evilns and Young, 
'1970): rediced soil strength and incl'seils helhroge
neily if soil sulrface! illowing e;isier nlry for rildicles 
(Campbell and Swain, 1973): ainld inct;reised relitive 
humidity (Young and Evans, 1972). 

Resulls frolm a field experiment on lthe norlhern 
tablelands showed that temperilures were mntore 
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favorable and relative humidity was increasedi under 
cover. The mean effects of cover on relative humidity,
lemperature anid establishment are shown in Talble 
1. 


Since temperaltore is not a major limitation in our 
environment, the increase inl establishment underheavy cover is i .tri..ntedto rultive hu;idily, 

TABLE 1m.Effect of vegetative cover on relative 
humidity, temperature and mean establishment 

measured two months after seeding in lateautumnTwo 

autumn__ __ 

ligh, r:u.IlvrLight__________________________________. 0) 

Rilm. 111101ir1%~j'' 60 90 .14as"l'mnw)"r'thrr" (C)
I'sldllhn~
l ",)".0 20.1 
 12.6 1.49.2 4.0 

HERBICIDES 

Results preseited above have Ieernirnplri\'erniinii o)f estalblishmin!.ri :oncerned withfslllishnlerl CiliIso he i I'yproved rIlaicii. appl itlion beforesowi Ig, imrot its mii effet in sootheiateihrn ,Aistralie 
is to ensunre survival by reducingriboistire and light from thi :ompetition or~e resident swaril. on fh 
southern1 talelairrls. hierbicide tse is obligatory for
 
sirvivril (l)owlinrg et il., 1971).


()1 the rlli'thi'rli tr ilb]leilds survivll of perennial 

grass sp civs w as irliproved by ihe appli lio nc:a oflierbi:idl, htl its ise wisi otI esseritlil for survivil. 

tlablle 2 sh mv.sthitl 
h rbiciile nirkeully improve l
sturvivall %vhi v%,vr tlhe ilntervanl luewei seeding aill(• -;ll lplpi~ilIrg WL15i ,'; i ll(llh s 

sanphinrig ssi imnt is or miore.Aterna ivl Illethodls for (:()lletii i conr l, such
ats burning rgralzing bfor. seedirg , offer' little scopeliIde(rH hl le lalnd condtlionsl,':, sin(cl. bot)h Ini)(lh()(s 


thl(pwrtlur:ti\'erei '(I)( lither. 

TABLE 2. Mean effect of herbicide on number ofsown plants /M2 at various intervals after
seeding. Species sown were phalaris, fescue,

cocksfoot, subterranean clover and lucerne 


(experiment 1); phalaris, fescue, cocksfoot and 

perennial ryegrass (experiment 2) 

'\l)tIII'Ilt I I'\l'''hfnunl 2 

T11111! Iwe, "iIIII-milso'ing and siiluling 2J 6 11 l i 1- 241 

(n1nuit hs)

IHrlbicide 
 13.1 21 1.11 .54.0 itt.3 11.0Control 11.1 ).5 5.2 29.3 1.7 :1.7 
L.SD.(P < .0.5) 9. 4.1 3.0 12.6 4.7 .11 
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DOWLING 
Strategic grazing after seeding at heavy stocking

rates (e.g., 400 sheep/ha) for short durations during
periods when the sown species are under stress from
the residenlt sward is a cheap alternative. Unfortu
nately this technique has not been fully evaluatecl 
in the field. 

Hrbicid e pplication is our most sucessful 
method of controlling competition and ensuring 

ore rapid development of the sown plants, but 
it is expensive. areTherefore, cheaper alternatives 
reTWlire Iilines of in\vest igation whic~h sought to doeo.
this were undertaken. The first aimed to substitute 
heavier seeding rates for herbicide (Table :3). Substiltilion of herbicide hy heavierfescue appe.ars possibh:, sinc(:e seading rates ofthere were as many 
plants on the heavi(!st seeling rate without herbicide 

there were at the lightest seeding rate withheavier seelingherbicide. When chea ) seed is available,rates of' fescue mil therefore,1 ';a ehe prci(:cab. 

With sper;ies having poer seelling vigor such asphalaris, however, there is litle point in attempting 
stich substitution. 

TABLE 3. Effect of herbicide (2,2-DPA plusamitrole) and sowing rate on plants/ m2 of 
fescue and phalaris ten months after sowing(data from Dowling and Robinson [19761) 

Ing [,, Herbicide rilt 

(,hubrut l.ih lh,'y 

I4usu:u, 2 0.5 3.0 '' 10.5' 
4 5..'" 12.''' 15.5' 

Paai 

7 

47'hularis
7 

"0.0"1I1.5' 

0' 

29.0'"20 .0 " 

-A
4'04.0 " 

27.0'(bO .(l 

30
13.0'13.0" 

15 
31 

0 
l.o 

'' 
1 
' 1o1".1 

5.01' 
25.5' 
31..5' 

Mvims wilhin vth species folihwed hy lilt!siame ltter(s) are 
imlsignific,mlly different-L.S.t). (p < 0.05). 

The s(r(:ond investigalion irimed at reducing the 
cost of competition contrdl by lowering herbicide 
rates. It was found over i number of spraying times
throughout the yer and with i avriely of herbicide
mixtures (e.g., 2,2-DPA: 2.2-1)PA plus amitrole; 2,2-
I)PA plus 2.4-I)). that as the degree of competitiiincontrol uleclilieci. so (illsutrvivd (Tiable :1). 

EVALUATION OF PASTUREDEVELOPMENT METHODS 

The c:heapest nthod of raising productivity ofnon-arale land on the northern tablelands is with
white (:lover and superphosphate. Further increases
in productivity and sorle degree of bloat control 

http:estalblishmin!.ri
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(by reducing white closer dominance) can be 
achieved wilh winter green perennial grasses, pro-
vided theycan be satisfactorily introduced. However, 
no comparative data were available oi the produc-

tivity and profitability of various methods of pasture 
development. 

naturalConsequently iafield trial ol the improved 

pasture consisting of white clover and suminimer
growing native grasses was commience(d at Glen Inies 
in 1972. Ile trial afliried to (:On)are three different 
levels of aerial iastUre devmelopntl

! oilproductiv.ity 

and profitahility tising three sheep stocking rates 
h. he three levels of(5.0 7.4 and 9.9 

were (1) superphosph,itepasture development 

alone- the most widely practic:ed forbm o 'aerial 
plus prnnial(2) superphosphi'development; 

grass seed--normial farim practici where seed is 

sown; and (3) superphoisphatv plus)perennial grass 
seed plus prior ipplication of herk::idt-th hest 
available iethod for introducing perenniil grass oi 

non-arable land. 
In each of the three ya!,rs of the trial, sheep razing 

treatment (3) were consistently hevi\ir. ,mid pro-

duced more wool pr hemad, than sheep grazing the 
other treatments. The livi weight advantaige at tost 

sampling periods (wery six weeks) w is2-3 kg-ihead. 
Liveweight and wool produc;tion ttlifls were similar 
oiltreatments 1 and 2. 

Over the three yeairs. wool proiduction per head 
generally declined a(stoeking rate inc:reised, though 
the pattern and rate of decline differed with method 
of pasture development (Table 4). This declinl was 

small on the herbicide treatment. 
Wool production!ha was improved itsboth sto:k-

ing rate and level of pasture development \vrie 

increased (Table 4). The effect of herbicide wits most 
if thenoticeabhle at the heaviest stocking rate. Most 

animal response to treatment 3 Wailattributed tI 
the greater availability of h,,Iter quality for1we in 

TABLE 4. Mean wool production (kg) per head 

and per hectare, as affected by stocking rate and 

(1) Superphusplate 
(2) 	 Superphosphate 

pls grass sed 
(3)Superphosphath 

plus grass sevd 
plUs herblicide 

treatm ent 

I,.S.I).
 

.(I5)0.05) 
iSTl;kirg rate bt4 ween 

hd ha hit ha hdlid ha li ha 

6.7 :1:.2 6.3 46.7 5.0 511,.0 

6.3 	 31.0 6.7 49.3 5.11 57,1 1.1 H11.0 

6.9 34.3 7.0 52.0( 6.7 65.9 

TABLE 5. Availability of sown grass (as a % of 
available dry matter) and total amount of pasture 
available (kg dry matter/ha) during the winters 

of 1973, 1974, and 1975 

1t973 1974 1975 

Treitniit Sown Tlil SIow 

(1) Superphusophate 
lu


(2) 	 Supnrphispht
l i e pI s 

grass seed 

(:1) Superphosphate plus 

grass seed plus herhicih 

k/ha ; 
0 3t(10 0 

0.1 :,i540 2.09 

1.5 2 760 13.1 

L.S.D. (P < 1.05) between 5.1 n.s. 1.0 

trealmentnieans 

Total Sown lohal 

kg/hi "',kg/lha 
343( 0 36(00 
3 A :1510 

2700 19.3:3271 

i.s. 6. n1.s 

the form of the sown grasses, since herbicide de
pressed overall pasture mahilability particularly dur

ing the initial phase of the trial (Table 5). 
Percentage availability of sown grasses improved 

with time (treatments 2 and 3). This was attrilutahle 

hoth to seedling regenerat ion and developmenit of 

the original sown plants and was achieved lnder 

iaContinuously stocked system. This resuilt suggests 
that in our environnient the contrilbution by soin 
grasses to overall produ(:ti%'ity increases with time, 
and that the raie of iiprovelent is increiasel by 

the herbicide trealtmlent. 
Assessment of profitability of the three treatenets 

at this stage is incomplete. I lowever, the results 
suggest that pircIintage return to clpital invested 

increases with stocking rate, but declines iaslhet! cost 

(If the Ireti'(ient in:reises. Thus it may be more 

profitable to apply superphosphate only and increase 
the stocking rate. 
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10:312-9,t. DISCUSSION 

Neiwvn.i, R. I. 1,(11. Prolems of grassland establishnent and I. Winch (Ontario, Canada). You said that with yourmnllni allc ol hill-country in Vitoia,Proc. loth International pelleted setd yo [ad an increase in establishmen
crassidon small areas but when you took i ot o the field 

Pratt I). I. 1964. R~eseeding dutleded land in ringo district, you ould rot see any advantage Is that correct?Keii. 2. t'lichniquws for (Iry alluvial sites. E. Afr. Agr. For.I 2 :24:-11o. Dowling. We ha( an increase in germination on itScotl, 1). 1175. I-ff!cts of seed coaling on establishment. N.Z.J. bare soil surface and when we took it out into fieldAgr. R s. lM:59t-617. conditions we were not looking at germination butSpuir-r.K. irri IBarrow, N. I. i63 .1.t-- rt*,v of the plant nutrient at establishment, which is the stage beyond..t,rtr s (ifth, priniplsoils of , We,rtlerntjhtlelandsof New had lim ited success with the coating tre itm ents. WeSolith W, l,.s,. D~ivision of Plant h11,111try. Tlech. Paper No. ]19.(S:,h il)..Aosir,il had situations where the coated seed] was superior 

Vrtlh,, i:. W. ,rid Cliffiid, P.1T. P. 197:7.1-:Effets of seed coating to that from uncoated seed but only in 20% of theon esljstimnt il survivit of grassf-s, suri s IMIroir seedlings. In the other 80%, the uncoaled controlsti,,so:k gr.ssllids. 'V.Z. 1. h',\lt. Agri:. 1:45-47. were superior to the coated. 

27. 
Aerial Application of Herbicides, Seed and Fertilizer 
Improves Forage on Ozark Hill Lands* 
E. J. Peters
 
United States Department of Agriculture and University of Missouri, Columbia, Missouri, USA
 

Our experihrt:e with hill lind imprrvement in CLIMATE

the ()zark I lighlatil arevt in nidweslern Inited States 
 The southern and southeastern Ozarks have ainvolves brush :otrol, seeding nd ferlilizing by clitnate similar to that of the humid forest regions.aircra ft. Pre:ipihtion averages 130 to 140 cm, distribulel'['he Ozark IHighland is a plate. andl mountain throughout the y'ear. Winters are usually mild: theareit of more than I I million ha in southern Missouri, growing season may d epend

Ilor~~~~hergroin thIotnlotnat(innluirino)rthern A\rkansiis (inc:ludinlg thi' Ihost(I NhoIt ain srkansa e its long its 215 days eeding ln livRange) and nrtheastrn Oklahoma. (eviation. :orntrast, the northern andIts soils, which nntrthwestern Ozarks have a mor (:orlinenl
have lien leached for millions of years. are (de!fi(:ient l att with more c:m tnntalsulrthwu O:li about of 
in} I' and K. O)n roaty arets tif levl Itjrgraphy, rtinfall. Thw teniperatUT, flu:tutatimns are greater.
soils have develotid :onpichd layvrs limiting root and the grtowilg seasionl varies from 170 to 110 diys.
pertetration al varying d(epths. the soils derived from Suimner (r,-mights 'Ir (:)Ioninri.limestonev or dohiulmitii: lieitslotie rnlv (ollttin is 
InItch ats 75;, rt!sidtttl i:hrt frntgnents. Tlh soils VEGETATION 
g enirtlly have poor water-holding i:lmcit \ , (Krttse- '' ()ztrks frm i tr.isitiorn zoiu lbtw en thekopf. H)6). Mlk-hi:kir v \w (milirlds oit th1, Iis! intl Solttth Id 

the tIll grass [r'irivs of Ii W.'est trd Norrth. Whit, 
olk (Qirrrs 1).i:k ik (). vr/utitij) inl 

'Appro d 1y t- irirt-;Ior its ,a :olriboitiiii iroinOw Mtissouri sivivriI splr,:is (fl hi(:kr-. ((. .' Sl)t.) itrv' Comlmfilrn 
Agricioltlrarl F\I'irinliit Stahiol (Jourinal Sris No. 7611 .) oil t he dliieper soils itn the fo)e-s regios. Post ottk 
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AERIAL A I ,IClTI'ION OF IIFRIICIDES IN OZA RKS 

(Q. stellltl) ind hlackjick oak (Q. ma,'ilandi a) a r 
prevalent on the moir shallow droughty soils and 
become common farther west (Krosektopf, '1 63). 
Native grasse.., including little hlueslten (Andrpo-

gon scopavirs), big hImstem (A. .ivrar'dii). hroom-

sedge (A. vir,,nitis), indi,nuriss (.Sor ,hastrm 
nutans) ind switchgr,iss (lmic'lml vhio.'afm) awre 
coioini il otiepn areis t iroughwul the ()zrks and 

abundatl in the nativeIlriiri's hordering the )zirks. 

EARLIER CROPPING PRACTICES 

\\' sw lhers cflln t th, ( )zirks. tili vegetationl I 
was oif tit s,t"'imlh type tl)vkvrtitrhis. 19t57). MNir-

but (1911) rep 'd thilat oflp tll thelhidilhe the 
iiinetevilth c(tntlii, lhie (zmrks were , I 'ioiol t(iIl 

woods wit h li,g' ans hi i ,g-l mi-,t trehless. itl 
the tibiller wias net de1nse. inb 1ll t, hilli'r ,, 

growth of griss. lens,' tiilr was l\. m ,,n it'% s 
roughec land mid! ilmo driiiogt'wavs A( r(idtutl 

woody species tf(11, heil:oilillig h ii 'i i l tit, 

grisslaild; howevr. ,As tih,1,1,tirs llir'.gigazing. 
WiIS50tha Itens aI:~llliilItj~n olgrasth tuilin hs,!d i , iltll1Ill(ill r, Ilrw as s rihl l i (i)f ass

da e c n r ais- -e v(]il I i g i i l t s , e i l l 
w~rl, ii~li, ,<-Ii, 
(.le~ire~il~dfir!,s iilll t11~i~ -


to contlrol] sprotlty. Thuis, lli'lri-H tlr iti i-tmi<s 

land X\el't taiiiovir(Ivvigil'(lisdt'ise tahilsof wviood vegtlilti()ll, '1Iig l WdS ll-mlld (w t,l,M ti.lands %Vu(l'e lake ov!,r llhy o , mli\I.s ,h'lls,, 

slanilyw] hed flyk~vi~rstrllmis. 1N5f71. M mvwinl.. 

cho;pping ili .irtlin lln n ru 


hull I1(iigto (ciintrl Iiriush heur, h'rhi:idlts mdn(] 

grtat ii effor l tl r lh hlI Il. rfttuili.iie

'w i t h l~q ,w l"ia d ,, l i lx, f r , 

W is ills() us ed , I tm d : h titsr'W, ins lti ,.(ifilt, 
,'\llm .4 .hJpl .illf il l rd 


1tl 


e .ritlld 

brush. Firs mi,iV mt's w it'! Fim tiedlh'd. 
hiwever. firies ulist,ilIV wtr ,not h r 411 lbt 

hlt aid 

ihev did I;(nsjilt'r lt' (ltli gtl' h) vtIlilill: liilberi 

iind itther prp lit, Ih ,rt,,r,. finl' was disi:tir;tl41d 

iasI tool for brush M. ri:tntlv. howeviq.,ltl Nit, 

fire is I ii rittv,iihiltt'd Is tiol nid his be!41 

useid undt'r pr,. s.rit'l c iidit li -I'lhrfn titli idi1 
(Cri s h v , l f9 h )l(io .
 

tlutldI(zinig is ist'l to rtirnofiv! brlsh illltrgt' lhiits. 

It is l~t iitiit'y s(itistlit rv htu.,ii' it ,listurhls lit! 
soil ill eaives it ((p411ri i t'r115i01l hit iwiil he 

slt's. ,l'titsii' i(4 
n 

diisastroi1us ttp lfrH.->4 iv ilprtlo 

td tnIldjilllit( 1 tIn' rs Idi g with 

l,irge, iliiIilils t siil that i,ill)i tol t' (ret' rIots. 

Orginic tiilltr at in' siri,lot' Is utti reitiv,'d. 

h1ulldozilig frtqitllentlv ltav' iigb ondergrtn!lr dlt 

fl'tiollins (If tr(t(. So) thil r.'1r10 1ti(it'vootlv v'.-gf-it ioli 
hIwlmi es , i p llr pn. < kli - .nsiv1--B ll ibilz inig p fli 

cIsts cill virv (1l4'f ililig (ill tit l ti sIilv of Idhe st ild il 
tildmay t\I.tdS2,50/ hit i lense siiil I Ifiwt'vir. 

a th(Irmiigh 1i0) (It h hilltlzinig leii s the ;,jilill such 

:1lliiljli hit ,i1itedled ;Ilbe ,sily, p~r pIed firth 

seeding hlrmig, stie es. 
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Before the mid-150's, even when the farmer was 
successful in controlling brush adequately, foralge 
was difficult to obtain beclause he depended largely 
on natural 'eseeding of native grasses. This wis at 

slow process, hecause most of Ihe native grisses 

were eliminated hy ahusive grazing. aml Ihe remain
ing plants did Iol plrlluce adequale seed It rlpidly 

revegetate teireai ()aivis. Itti7). Suppl ies off nitive 

grass seeds were not hially ivaillithh for sowing. 

The sowing( of iniro(11Iceld cool-seaisom grsses 11111 

limitt'd stccess. lc,nse lthe ,.,lilih spvii'will 
i il t sur\ ive the (rtli,g ly (imlt infrlile stil (c li

tions. Rou tt'rruinill 'I plcaii: iti i t frtilizersmIg Iil 

difftilult: seedtYd prtpara'titm in mlil canses 'wis 

imliossihlI,. 

PRESENT PRACTICES 

fter \\rlltt r II, seif' developme led\',l rl ns to 
r'ltwi jl i'sti ;irtlo rshadpod1im

irll-milictll( tf ihrbicide(it gra"Iss: I illt'n i l'(t'.itllid 

h 1 l'2 tCIvl li( ii l l 01( t 'i W .y tolsIlli11rt's 

Jlil's (At Ilit ivil'lrss still( wer, elve'tIIItI: (:tt itwa 
l-i 1,1 1 i c k V 1 h l . t l ic.

I'llis! w mldh 
isc m-c"- KI-hl ll i ,1 t ( ll r l l (F f' 1 

,t,'l ill'il a',) surlvi"vc di'll/Iq4ht )' (.lidlitills:; fI)l 

it (55 'Vi'llizi(I tlit htt'li/.th (VIImild ilicfI.'' lss
Il iil;iil il h !i l r i 's ll f h ,( z i l, ;,ll
iirl i i lltli lt-in ertie soils (if liet ii k,:ris: 
( i wl ~ il,).<t~ iitfriilrrtvill it~ 


r
 

Brush Control by Aerial Spraying 

Dutrilng thi' erly tttitts, rt'st,.ircli 'Xis ,]itit' (Ill 
p p l i i li l i ms ( ) f '1 1 wni I ,i I l 

trnlin g h rush . T h'l w ,,k s thim 2 . .1,5-T1 . 
i l e r i 'l lti l m. :,m lm l il s (.( 

is h w ed ' (12 

-1.5-trichl)ro phvno,\ ,i ttii,: wid). silvex (2-12 
-.7-1richtlIrolI hepJIo\\ lirlihii)i lI ll). il il( il

i

1)1,(i)1) (- 12. --liI:hIlrfoh1)tbe ' ll'-)i'xIi iC iitill). ,ill 

2. 4-1) (12. -t-dichhl rlpheitI xvj wo-lic itil' I ll\1' 5

tint's o0 Ilist (;ml he lpplied ilow v\liilies (If 

s(iltitli (20 h4 501 I/Ihi) hr itmn olling hlilish. Esttr 

foril atI'ions of tihesi :thhim(IIi)l iiliilly wi!,l' Illr 
i%.(!Ih a ll,lll ll li(Il. hwi.I ' m;, l](1 fft(~ ill t , 1(),il i' is 'l ll)(lCdll 

gtiit'ratly rt'iiI , l 50,)t 0tt);'I i wlt( k. ftt ilg' 

ilnd killed 3t to 70",. f lliri (if th, wo)d1Y sptcitv 
j( awford. ;i60; -dwell. 1li4: tiers tt ,1.. tt9i): 

1 t. \g1 l ;Jill1 P 'etl's.t1161tt). R1,li l'II]v of illhlt' st 

70", if lh (.,itl mtlv wis iliVi:sSIlv fr gralsses to thrive. 

t . ;1ii(rost' A st'l;(,l1( 1ili1"hrelieich Itili). 541l1li

ill -S ,ithirl .ililli.altiln wi'v.-g'ierv tlly l1'eillss 'ly 

lll iihivt ,li t01 (11"litl'c l of w'dly sllies. 

(: li ,l-le d (h o,i ill w('((IIV .lev ;imi.ieswls seldnhil 
' ;ille Id ,nidilifilit llilil ! Irvl t;illn l~ls W inl l ifwld e~d 

l 'ter. 
Spriyillng isusuilly mnost sccesllluill fler thie Iree 

leavvs alliin full size iii spring and early sililer. 

I lerhiides appear toIe less effecIive asil t! seiison 
progresses. 

http:htt'li/.th
http:llir'.gi


PETERS 
The use of aircraft to apply herbicides has made TABLE 1.Yields of forage grasses on burned andit possible to spray large areas; in Missouri alone, unburned areas four years after seeding

more than 24000 ha of brush were sprayed annually
from 19611 to 1974. Crasse.s 
 Ihurned IIhihurnmd
The present practice of killing brush vit h phenoxy

herbicides in order to seed and improve pastures ki/h kg/hiis not entirely satisfactory, htl farmers ac;ept it Nalk, grissvs 30411
hucause it is ecoio1ical ald relatively successful. 'Tl'll IVscI 
1455 

2 263 1240Ideally, a herbicide should kill nearl\. 100% of the
 
brush with a single applicatiin. Ile pienoxy herhi
i:idles kill only 30 to 
 6(0';. of Itisusceptihle oaks

anid hickorvs with oile applicalion idl nre aislmost 
 Liming and Fertilizerineffectiveo n resistant species such as winged elm Almost all 

h 
of the soils are acid and benefit from(1l1m s alta), sassaf rais (Sass,frnit.,s ,i(u) rI pir- applicalions of lime. 'hle large bulk involved insimnmn (liospi'ros virginialli). Ilowv,ever, Ihe' are application (of lime makes it impractical to applye(:onollical enlough to increase bro irduttion. lime by air. When lhe terrain is not too steep, farmersFutnherm.ore, the plenoxy lerbicidls are relalively may push over dead trees and form lanes 12 to 15salfe when used properl.y. ()tlher hericiies ha.ve heel i1 ipart to permit thefipassaige of lime spreaders,developed thai anv lore effect'iv, thban theIvheioxv. which are equipped with fans that throw the limelierbicides, hut they have not heei used bwc(usl' to the chk and to the sides to cover a 12 to 15of cost. residual chiaacteristics. Ia.k of selectivitv. I swilth.


aMd possible hazards. Also, n the h'erhicidh.s ,Since the areas
some f are low in P and K, these areafvalilable h,'ave not hemi fullyN ev.aluate.d utruse. applied eillr aerially or by grou nd operations.A iliajor' ojlijecti to aerial s~ravi ug is that the When applied by air, ferlilizers containing highildil trees providl in Llple'asllit sitef for' s'verlall (oncentratl01i of nutrients are- usedl to redlce iap
v(eis after sprayilg. Sonetiles tlse trlees are pli(aton costs.
 
plsiheld ove!r, piled and hilulirld. Aftr a few \'el's.
trees killed by sprlving hre.k (off or ,il. l rotied Species Selection
easily. leaving the s(oil in place. S)(ome1 lilrillrs perillit Catlelerin are in erestel in the possibilities ofthe (deo(l trees to sillil unt il they ec:.oillpose (1 l using native wrm-season grasses to supply forageli 1l. (luring the surnmer when tall fescue does poorlySeedbed Preparation ('oulltree ot a., 197,1).


li 1956., iersonnel of the Agricultural Resec!hiew 
 ntiive warn-season grrasses have been sownService inil "orest Service. ISDlA, showed IIat tiill aerially. Research,11(n farenvr experience show thatfescuec (:(uld become established in leaf litter, hut native grasses caln be establisled in burned litter.hit behtr estUil)lishnil wts olhtiiled when the These grasses my hw'e , major place on hot
upler' pourtion oif the litii was relmivel( eitlher hy roiihty% lwest ind smith slopes where they lroducerikinlg or' burning (Ehrenreich andxlidhlltery. 19(0; better than ftescie. The litv(, griasses also do well]lete's i(lJ:hrniir:h, 11(3.1; Vogel aI ehrs. 9t).il), (oiIe iils d north slopes id onldeep soil. CarefulWhen hill f'escue. orchilr a1rss ali\. 'o' grasses rnanlgellltt is ilec.ssary to llhiliill stannls of native are to hie sown, tih(sites are iirlftrl,(l in late Ahglusl grasses.

( Or ilrly SSepte rnhier hy bh uningthfile l ;f lilt e r. Mia n g m n
leaf litter prvenls the r((fs of lewlyvgrillinlt(d Management

gra'ss Irontl reaching the (Illoist humus o}hthe soil ()nc'e forage is estaIilishel. car,'iful nanagementsurfa., lhiHrning tlsuillly (:(Islllls the less de- practi(;es are need( to illaintain it. After theibrush(omol)(ise(d orgillic Illair oi thle slrfice nd Ihe is killed,. and if the pastures deleriora e, it mat.y beillo(ist orgiiili( ill(itIur unlherleall rvi'llliins. ;rass is difficult to reestiblish grasses. Leaf lither wili nothen sown into Ithe ashes and becolls covered h, longer he present to supply :ovvr and moisture forIhe first riain. If nlative grisses i-'v sown, theV ,11, grass seed to gerniiliti! ild grow. Seeding Ithem1usIlall: sown in Febrlary or March Ilh('c:isf' lhey may 1wi proieni uniless a seedlhed can ie irepared.Sitr ,,owly and leed a long groiwigll Seiason to Nutrients fromt decomposing litter furnish nitrogenbecomle established. hrning to establish a seed(hed and minerals to the grasses for feva yeiirs afterinFehiruary and March hwfore seeling native grasses estlilishilmnt: later, yields decrease and nutrientis difficult eucause the litter is seldom dry eiloligh deficiencies I)o:(}me a(lpparrent.
to burn satisfactorily (l'llrenreilh and111h11u y, 1960). Onl Ihe rougher terrain where ground applicationThe henefil from Ilurning befo ' seeding is ref(:e(l is inpractical, supplying N for maxiinum growthby forag! yields taken foul' years after seeding (Table may lt le economical. P and K can Ibe applied1). aerially and will remain available for several years, 
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AERIAL APPLICATION OFHERBICIDES IN OZARKS 

but N should he applied annually, but the cost of 
fertilizer and application may he prohilbitive. 

Supplying N through legumes is a possibility. 
Sowing and maintainiing legulies in sprayed Ireas 
needs to he more fully evaluated. Where periodic 

is needed for control of sprouts,spraying of hrush 
the legumes will be severely in jured and usually 

c;onditions ofeliminated. lecause of tlle druughty 

the soil and envirolnnientil conditions. the choice 
speclies is limited. Annual lespecdezaof legume 

(Lespedza striata) hits some charncteristi:s that may 

make it useftl, I)ut produttion is limited by dry 

con d ition s. T h is lesp e de za u st lly h as ith ig h p er-

e nilta ge o f ha rd s ie d s nid, ifter' it is gro wn fo r s evera l 

years, the su l)p ly of hard se eds illth e so il 1 y 

adequate to regeiriti new stinls in subsequent 
years after a stnol iseliiinatil by hFror:.es applied 
to brush. A niial hop clove's (T"rihtiuru , 
furnish sonie Non the more niost soils. lhisi. spiies
tliV r utl'~itl( ,i'I" s)raing ,' tisis anual Ii's-

Jwdll . [e TIllill sericti:( Its jw hzl (L tspidtza t: n-

1,I) giows well tdo tot rltes drouglh lt; htvtviir, 
iility is low . Even st. it 11ay be vAllilehits palit,1 

umes (Lesp'etdlza.tosupply N. A number of n,1tive l e t h e s e~ a nlq~ s lt n . p irt l a,h u t1ild D)|e h i ll )) (I t s l1 

seldol are lense ellough to produt iiltnwh foag. 

Econom ics 
-w in g a i rc ra ft iar e u s e d

Both h elic op te r s an d f ixed 

for spraying, seeding and fertilizing. Ieliopters 
have the advantage of being able tu lnlid and loiad 

near the site of operation, thuis saving t(tnsi(leralble 

time compared with fixed-wing I)lines whih fre
quently have to travel farther. Tile is ian iiprtirlnlt 

factor when spraying he(;eitlse spravilvg ciln done(li 
Onv for an hour or two in the earlv niorning or 

evening on days when the winl is at a mininum. 

If spraying is done when the wind is blmving, spray 

may drift off the target ;ireiiand ;ause! damage to 

other areas. 

The large aninolnt of spraying practi|ed in Ihe( 

Ozarks has revived the unresolved question of wvhail 

is the best use (f the land. low much of the area 

should be sprayed to grow grass and how tnt:h 

should be manage(d for timber? Many of these sites 

have poor stands of timber and hicause of soil 

conditions, have poor potential foi timber, Other 

sites have poor timber stands but good potential 

for timber pr(duction. The best soils pro(luce good 
yields of either timber or grass. Ehrenreich and 
Ralston (1963) studied the economics of timber and 
grass production on shallow soils and concluded 
that grass production was inore profitable than 
timber production. At the present time, the private 

landowner decides whether he wants grass or timber; 
economics plays a large part in his decision. 
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DISCUSSION 

we ;onl lUnidentified. This fascinates me. I think 


uise; in Did you say that the fillin
it Appalachia. 


ihe soils in Missouri was relatively low? Did you
 

apply lime? Also, hive' you consi(eredl ladino :love!r
 

or have you tried any other leguie on these arils? 

Peters. Yes, we have considerel laolino clover and 

it is used somewhat in some (if the creek ottonis,
 

but the soil is generally too) droughty iand ladino
 

won't survive. Now your question iabout liie-this
 

was another problJem. We (cannot apply it by air
 

because the( cost is lrohibitive. (enerally the i:;os
 

for aerial applicatinn of fertilizer runs albu Ii1 2
 

cents/ lb, but we can use high analysis naiterial,
 
so this is not prollilive. IHlowever, if you are(
 
applying several tons of lime at l/,- cents/llb, this
 
is another problem. SMone of the farners will push
 
the dead trees oul oif Ihe way in swaths about every
 

50J feel and use lime spreaders. This has worked
 
well.
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BAKER 

Unidentified. Ilave you tried crownvetch in these Peters. Use boundaries, for instance, roads. Fre
areas? quently, we will rake a fire line, rake the leaves 
Peters. Yes, a few farmers are growing crownvetch, away from an area 3 to 5 m wide and get down 
but we are not sure if we can establish it. Some to the more decayed organic matter. Do this when 
of our innovators are doing it but it does not persist. the wind is not blowing, or if you have a little wind, 
The more successful stands seem to be on thin soils make sure it is in the proper direction and have 
on the glades where the limestone is not very far some equipment arounl to wet down the areas. The 
away from the surface and I think at these pHs, farmers say it is not much of a problem. They si' 
the vetch roots get next to the calcium layer and frequently the fire will burn into an adjacent forest 
they seem to do well. Dr. Matches has been working area but it goes out immediately its soon its it hits 
with crownvetch in Missouri and it seems to have the litter in there. The litter set-ms to be moist at 
some limitations, this time of the year. If we have exceptionally dry 
Unidentified. flow do you control burning? weather, we do not burn at all. 

28. 
Production and Species Composition of Hill Pastures as 
Influenced By Lime and Fertilizer 
Barton S. Baker 
West Virginia University Allegheny Highlands Project, Elkins, West Virginia, USA 

In West Virginia there are more than 740000 PROCEDURE 
hectares of permanent pastu, at.Nearly two-thirds of 
this area is in land classes V through VIII (USDA, In '1971, 13 different permanent pasture sites in 
1970). Due to natoral limitations these soils can not central West Virginia were chosen to study the 
be used for any sound agricultural purpose other influence of fertilizer and lime applied according
than pasture. Much of this pasture land is located to University recommendations for bluegrass-white
in regions with favorable climatic conditions and clover (Poa pratensisL.-Trifolium repens L.) perma
it has been shown in several investigations that nent pastures. Total yield, season of production, and 
production €:an be increased by various treatments sward legume content were examined. Soil samples
(Odland el a., 1930; Robinson and Pierre, 1938; were taken from each site and treatments were 
Pohlinan and Cornell, 1943; Schaller and Pohinan, applied in early spring, 1971. The treatments con
1955). Although treatment is possible, a survey in sisted of applying sufficient lime to raise th, 1.11-I 
1935 (Pierre et al., 1937) revealed that 85% of the to a minimum of 6.5 and applying potassiun: ,-id 
pastures in the state needed Iime and 94% needted phosphate according to bluegrass-white clover per
phosphate. More recently the West Virginia Soil and manent pasture recommendations for intensive 
Water Conservation Needs Inventory (USDA, 1970) management. This amounted to supplying sufficient 
revealed that only about 6% ofthestate's total pasture K for the soil to test a minimum of 179 kg a%.. :able 
land was adequately treated. From such data it seems K,0/ha. Sufficient phosphate was applil to provide
obvious that progress in improving permanent pas- 56 kg PO,/ha initially plus an addi unal 56 kg/ha 
oures hasl)eeislow or nonexistent. One of the reasons for each year of the study. Phosphate treatment 

sometimes given to account for the lack of treatment recommendations are commonlv made for an alter
is that the response to treatment is not adequate nate-year application, howevei, phosphate was al
to justify the cost. However, the response in terms plied in sufficient quantity to provide a five-year
of yield, species composition, and distribution of supply. Work at West Virginia (Schaller and Pohl
production to )resn(ot treatment recom menclat ions man, 1955) revealed little difference in yield asso
is not well documented. This investigation was ciated with frequency of application, but a direct 
underiaken totdetermine the response of various relation between yield anid rate of application. After 
permanlemt pasttres to treatment according to present the first year, no additional lime or phosphate was 
West Virginia University recomn drtdations. added but K was added during the study to maintain 
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the soil level ata ni timunvalt! of 179 kg available 
K:,O/ha. The addition of K during the study was 
necessary to replace the K removed inithe forag.. 
Ol the soils studied. Kfert ization :ould he minimal 
or nione since natrr:'al \velhering of thl! soil and 

the return of plan: and aninll residiis would 
maintain a soil K 1e!\ of 179 kg/ha wvhen used 
as pasture,

[wo or more, areas wvr, treiied illeach site and 

a allinils 1.2 1.2 

pilStulre iag s. [ihl foret .iroIltic(Il w,Is hillVisted 
whei it reachld i heighl of 10 to 21) ill. Ihe 
time of Iil t conitlnt I 

protecthid froll gtizing by x ill 

harvest, 1 iii'll' on 
weight hisis ard itel ier%witsi-sliti,i iiid r(' 
was calculaed ifiiir Irving the forage in i for:ed 
air ovenit 70) (C. 

The n otilalis Iis'lwl'n als IlIliure hilrvlests 
to (letermi ni v d 1 il torale pi'rdirc'dhe avli', ,lMiiit 
each day. Foril yie,,ld listril)ution ptiltivi's i 
calculated flil thle iolllrlit ot forl)ige produceid dily. 

RESULTS AND DISCUSSION 

s()il
Table Igive's a des('ripl)l oi ilh and totgl'i-
phy it (aih site. Il lime(, ilpl)liel r,ised ith, fll 

of thl top 5 of lo ill h'le{iill soil 6.5 Al i:,ases. soil 
illSilt, 8 \%"Is nut ljiled bil-usi it coilil rot h il 
with coniveiliii ill fi qUi rlt to lhe slope.lill dirm' 
The sit ' is ii:,l of cmsidli'rll' i;'eag in r:nirlt'al 
West Vir'irni,i tha. is fivjirenlk' ferltilized wilholl 

liming. veItih(.I rilsli rli't is r ,pr 'd lilariidovlers 
to be good. 

Yields 

T*able 2 gives the yield for each site oila ,ear-lby-
year basis for holh the (:heck and Ireated plots. 

Although treatment did not always increase yields. 
whel all sites were :omlbinled, the treated areas 
produced higher yields than the ei!ok areas ileach 
of Illfive years. The averalge yield of treated plots 
wits higher Ilian the check Iv in 1971. 26";, 

in 1972, 17 %' in 1973, 11 % ill1974 and W% in 
1975. It would seell that to inlltilii llproductivit*y 
illother appilication should hive' been llilde ltthe 
end of, three y'ilrs before low phosphahte valies 

appai'tlly limited proiliction. 
Siles 4, 9. and 13 show illle or liltnielrrsnse till! 

to treatlmeilt. Site 4 was \veiry fertile anild had prodrl:
ti\'species in Ihe, swilrd prior to Irillintl'nl. This 
prbablilil • iirritli'i dvi ishighfor theliheck hig 
ilsthe tet ilil . Site 9 was the secoid(l lio 
lroluctivi siti, whll nrrtreatl'd lnd like site .1 had 
iihigh hvel it tililytaid lroducli\'especies Ilifr, 

the Stilll heill. sill' 1 w ilsflrt verv r''spllrsivl' 
to tralltmillnill tIrl tr,itl oilt-vieildaltholugh iariea 
th, chi,:k four of thl fiv' yi,irs. At thie tei othe 

siles h1' iI'atild aria lr'iil(ld rirore toragi tlriri 
tlvhechik irvi'i. 

Thi, highist yi(,il record il was from site .* i:i 
oft th, fivi, y'eiis. Yet Table I revlls thil sit, i 
was sillilir illei'posil'i'. slo(ip irid l ) ionil. vitIlio 

%"w Is he.siil soilsi seri's aissilti' -.Soil tests tiril.l 
twIo 'iir's initial nrt indicitedl Ihiltir' till, tritm 
th flirtilitv 1r two siti's was elyevel these 
idvnti';,il. '[hi' ptIs wI re G.7 ind li. ind P,(I. viliis 
were 1H3 iiuln 1241 kg/ hi. Tlh ilY l)ii irinr ilif
felel;e illthe two sitis was illpast I arit . 
Site 6 iwas iiifrtlih, ('l'aile 1) i lih .wvrih\il ilvlill 
unllrotmilllive iat0hi t ih, ite ii. Sit' Ii'l stil y 
was fertilirl, n1l p oiliriv when tilhestudy ,iliigir. 
Followilg tr'itiirlit,. pritcivityin:reil sI l lv 

TABLE 1. Description of sites where response of permanent 
pasture to treatment applied according to West Virginia 

University Soil Test Laboratory recommendations was studied 

(111) , ,p,. it k),.Sihe. Soil So.ii+', Ik;.tp "!(<; Ip P.().l haK111 

I (3Ipii1-t shur 445 -'it i54Ill 5, 1.1 


2 616litti East Ii)-21i 4.11 2t 

"3 Phil 59t1 lvu't i-3:i11.5 60 


4 ljt!lks-Wfi ikri (22 Sili1hweSl 2(l-3D0 6.5 (63 
,5 ('hl'vies 1141 I. 'lt o)- 5A1 2ti 
(i lhvrks-WVoikIvrt 652 Southwest :10-401 5.6 22 
7 Ivrks-Wvikeri152 Nortlivilsl 31-40 5.7 14 
11 Iitmillt 11311 Nii ls '.114 5.5' 22 
91 Il!Intil (1311 Soulh :10-40 5.3 105 

1) I)iekai 11:01 Wesl 111-20 5.4 13 

11 Calvin 160lii West 11-20 5.7 "35 


12 Iehtnni 1112 iasl 21-31 4.7 4 

1:1 Teas 1015 S iruh wi:s :1(-40 5.1 IIII 

'Sili not limed drue ti Slope. 
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220 
22H 
270 
35D 
21: 
I:9 
117
 
1lI 

34161
 
2111 
240 
175 
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BA KER 
TABLE 2. Yields (kg/ha) of check and treated permanent pasture

plots when lime and fertilizer were applied according to West
Virginia University Soil Test Laboratory recommendations 

19171 1972 197:1 1971 1975 Avg's 1971-75
silt Chuck ''reated Chvck Trwited Check Tre'lled Chvck 'rvaluuhd C:hvk Tiailed Check lreated 

I 1 114 2477 2 tIl)3 4 64 2.175 -45191 2735 1.19 3911 537i 2573 4(177"2 2 21161 31155 :1543 7 124 3 0913 475i 2 7912 .44311 5152 3I199 3:351 4 674"3 2 971 2 1125 393 1 4 1115 1624 :149 :1924 3 172 4 3.11 5 2111 31103 4 (161.4 11941 11660 10110 1 11965 11646 91316 111i29 (143i (9971 i1151 10111 922115 2 150 2 590 3:11 4 5911 :1till:; '510 1 3-115 3:1114 :112(0 131 3 911 :1675i 1739 2 1(111 1 716 2 453 2 975 3 417 2 liI) :1086 :31417 2 1151 2(154 211137 1 6HI 2 074 22117 2 9:111 2 595 :1722 23116 32.14 2141 4 736 2 2"16 3343i1 215139 32110 5 115 1352 I 5211 5:155 :1036i :I1112 2 74:1 3111 31546 . :55if *l23.1 5 0341 7 404 I012 71150 6 671 7(; i 5363 6 92:, 5932 6 621 I4(111Ill I 54:1 1 637 :11101 :1536 21i72 .-1055 I.1112 :1214 :121-1 2(118 5112 :11152'1I 4 177 52H7 62:13 1111 5(111 11 117 4(123 74(19 45:12 41418 4171 i141i'12 2 592 2 11,1l 26114 511:36 2 715 4 941 24115 :1:I 1 ill() :1571 2.14513 1,171 1 717 2llt 227: 4 222"
111111 1836 -7011 11411 2 1.10 22511 206:3 1t16e.g' 2(171 :1422 .215 " "5 ,2I i (12- :1(142 -1260 4 1316 32' :115156 4 464 

d
Tr(, ,r(1a h ck yields arv significl'lyl(I dilferent froin"..S.. it10",, robithiliy hIvvl. 
hIm;Iholher. L.S.1). il5';l pro.hilitv. 

.tlsite 4 (1972-74) and then (he:rI'ased to ahotu llt! prolucltion if inulber of years is required to get alloriginail level. t'rodl(:tivil v Asl in(:rl('lsed oil site fillclors favorable for plant growth.
Ii, butnever rell:hied h pro(dtlcliilv (If site 4. W hen 
trealed, site 'Iprloidlu f(0 i(e.(-;ld ilh((ll l 11s 1n1(1(h Sward Legume Contentforile is site i during the five v.t's. 11 woul ippwlar y far the most13 

prominet legume in productivetHat ill, previous inciageni+ent (If site 4 :llsed the pIastures was while clover. It also was the legumesite to( p(roliute hevolid whit ((light b(expe:ted 1'v that remlained in the swards for the longest periodchlnges ill ferlilil ,tllo)e. This highetlrp Il1tivity dnd hy the end(if the fifth year was ahout the onlywould inliclte thal Su:h things its species, Soil one prseint. Table 3 shows that the percentage (ofs('lltAllt', wllwr-hohling calc(iy, rapidl r'y1Vl illg of legumes %%vits not consistent aiong sites or treaitmentslnutrieils, (nd perhapls other fi(:Itor lligtl he illitlo.- ill varied from () to ove'{r i'N,. The highest legumellll ilchievinll high vielis il(d th.t for illaxioIll collhntent obhsetrvel w;is i3". at site 1 for 1972 when 

TABLE 3. Percent legumes (dry weight) in check and treated
permanent pasture plots when lime and fertilizer were applied
according to West Virginia University Soil Test Laboratory recommendations
 

1971 l7-1 117-11973 1975 5-yr. Avg.
silt! h :k 'l'rf.hI (:h :k '1,ll.ed CItIk 'lruiled (hleck 'l('rtll Check "reatitd Check Treated 

1 I II 1 56 1 :12 2 12 0} If
2 1 3 i 

1 24

1T1 II .II 17 22 2 14 6 4 12 24:1 11 5 :1 4 Ii 3 10 7 12 H If 5
,I 51) 17 4:1 
 41 50 41 43 36 12 39 44 41 
5 1 (1 1 2 5i 1 1 I 2 4 it 4 4 1 6 514 9 1.1 2 If :1 87 0 12 11 1 :1 111 :1 26 0 211 1 20(1 5(1 54 (13 5 1I I II :1 I1 39t 4 29 281 21 14 13 ( 5 6 5 4 2 9101 5 I 9 7 1)

:1 7 (1 ;I 11
II 510 57 410 4: 
3 5 4


41 24 .14 13 :15 5 40 2012 11 1 (0 29 0 211 01 17 0 14 01:1 15 I5 1if11 10 311 11 22 14 "13 22 19 16Avg. IM1 22 Ill 25 14 17 1I 1M 9 11 14 113 
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untreated. Site 4, which consistently produced the 
highest yields, was the only site that averaged over 
4();, legunies in the sward. The rapid increase in 
percent legumes at sites 1 and 2 was almost entirely 
atttriboted to rel clover (T. pratense L.) which (fill 
not remain in tht sward for any appreciabhe period. 
Red clover also volunteered al site 8 hut was iabott 
equal in both the check and treated areii. Ilowever, 
tilt percent red clover (roplped rapidly in only two 
years and accoilltel for only 3 to 4". of the forag( 
by the end of the five-year periodl. 

Neirly all sites had an increase in pwr(:tnt legumes 
following thw initiation of the study e-ven when no 
lime or fertilizer wis aipplied. Applrently just tle 
removil of vegetation ind repeated clipping was 
en(ough to encourae volunteer legumes. This would 
inlicat( that griazing pressure miht be used to 
increise legume conten anid Yield in sone sitluations 
without chllnging fertility. The period of' tilme n(:es-
sary for the appvirance of legunvs viaried, bult in 
most cases legunvs peaked by the se(:ondl or third 
vyier. A lltale exceptlion was site 7. a ,ortheast 
exposures which dlid not reich its peak until thl 
fifth year. Site 10 was the only site where till, tr:wIet 
leguns never reahed as high as 10". in any year. 
Nevertheless. this site \its more produ(ctive. thil] 
some of the others. 

Sites that initially hld a high p'rcntaige (f le-
guimles tended to exhibit a decrease in legune (:ollnt 
when protet:td by c(ages iand clipped. At solme sites 
it was notedtthat the legume content of the sward 
was higher in grazed areas thain in similar areas 
protected by cages. The reason may have been that 
the area was not kept short elnogh. and light may 
have been a limiting factor for legumes although 
five to six harvests were taken on the more productiive 

Seasonal Distribution of Forage Production 

Table 4 shows lhe distribution of Ihe foralge pro
dluction during the growing season. Only three of 
the sites produce~d any appreciable forage (during 
April. Ihey were anong the lowest in elevation and 
had eastern or southwestern exposures which 
walrmed iup early. 

Treatnent increased yields in nearly all (:as(s 
(Tahle 1) Ihu did little to change the month in which 
most of the forage was prodcecl. More forage wats 
produced in May than any other month ;t Ito ot 
the 1:3 sites. At sites fl, 12, andl 13 essenlially as 
much forale wls produced in Jlne its in Miay. 
Ilowever, these were probably the (:oolest of the sites 
due to ehlvation ill the case of sites 12 anld 1: and 
due to exposure at site t. As a result (f till cooler 
telieriltures, the peak period (f lroduti:tn was 
later in thOe year t these three locIations. The (lla 
in Table . show that over 50", (If thet forage wa-its 
produced in the first one-third (f the season iind 
at sa(ie l :tions i0";, (of thl forage 'its pr(ol(I:e(l 
by the (irst ItJuly. 

At All sites, regar(lhess of the totil forage prodo c(I. 
the propolrtion produced eiach llouth \its e!sseutially 
theiltsall for both tretiid and untreited areas. Fromn 
this study it would seem that more olliforni (lisltilill
tion of forage pr(duction (luring the grazing seisoi 
cannot b, ih:hievel through till illicition (If lifm 
iand fertilizer., ltowm'er. since site -1 proluc d It 
to 12 U of its total forlge ill April and site i. which 
was very similar exc(vpt for prod(uctivity, pr)dui:(( 
no appreciahle forage in April, there is st(the in(li(,
tion that pr(Jductive pasiures nmystart growth11eilierr 
in the year than unfertih one-s and in this fashion 
extend the -rijzing seiason. 

TABLE 4. Percent of total yields produced each month (1971 -75 
average) from check and treated permanent pasture plot 

April t-'ly 111re lull. ,l\ gl,, Septvimber Od:olwer 

Site Check rreated Check Cho 1 "resilet, ,t5(t ( Tr..l', d tr : h.rt , T r.tld (:hi::k Treat( Check "T'reated 
1 8 10 2:1 26 2( 1oIi 21 17 17 Ili It 1I 3 5 
2 18 16 26 25 14 1-, 17 Ili 13 13 It 9 4 I6 
3 36 33 19 ill I0i Ili Ili Ill 10 11 4 1 
4 12 10 23 22 l0 20 15 15 15 15 10 11 6 7 
5 39 43 ll 10 14 12 12 12 11 11 7 6 
6 37 36 24 22 in 10 12 13 6 7 4 -4 
7 36 40 24 18l 10 15 12 13 11 8 5 5 
a 25 26 27 26 21 22 15 17 1) 8 4 :1 
9 37 37 19 21 17 17 14 14 9 8 5 4 

10 30 35 23 22 16 18 11 12 8 9 6 ( 
11 27 20 17 15 17 16 ll 19 12 13 9 1 
12 29 30 30 27 20 17 12 12 5 11 4 6 
13 31 31 2!1 29 22 22 12 12 4 4 3 :1 

Avg. 3 3 31 32 22 20 18 17 14 14 1) 9 5 5 
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Effect of Phosphorus, Sulfur and Molybdenum onSubclover-Grass Hill Pasture Yields in Southwestern 
Oregon, USA 
Lynn Cannon
 
Oregon State University Extension Agent, 
Coos County, Oregon, USA 

(;oos arid Curry coriiies, located oil the south 
co.st of Or'egon, havet( more than 81 000 ha of hill
lands stiilb.e for gi/zirig cattle and sheep. Most 
if this land wts oil(:(! forested with conifers, mainly
Douglas Fir. Following logging, the land was burned
and seeded for grazing. Through continued burning,
and in recent years piling of brush and debris withbIldozers, lirgel areas have beet :leared. 


Following logging, during the period 
1920 to 1950,
the land was availIble at low cost to individuals. 

9In lwi hill land in Coos C(unty was valued for 
taxalion al $30/ha. sinice 196(, the dematnd for the 
land has increased, and timbler companies are paying 
over $500/ha for hill land to le reforested. 
The climate is mild. Winter temperatures areseldori below 4° C, and the itvnm'age sumnimer temper-

ature is 160 C. Rainfa llaverages 127 (:Ili from October 
to Julne and less than 12 :m l uring the remainder 
of the year. The climathe is ideal for s3bclover-grass
)astures grazed 12 months by livestock. A minimal 

amon t of winter feeld supplenmietation for livestock
is nieceessary. 

'l'hv soils are formled from sedimentary rock. They 
are wll-trai11d and moderately to strongly acid,
with slopes of 0 to 70%. Over 901% of the soils 
are(defi:i(:nt in P. The soil survey of the area is
unfinished. 

Yields observed from eita blished suhclover (T'rifo-
lium sulterranein ) pa',tures initl(, area were notld 
to he less than expect,-d when P was applied. Yields 
inother suh(blover-p'1 oducing areas greatly exceeded 

Coos and Curry county yields. This suggested that
the soils might be deficient in other nutrients also. 
The problem was discussed by extension and re
search personnel, and(] based on i sorts from New
Zealand and Australia, we decideu to investigate
the response of southwest Oregon hill pastures to
applicalions of P).S and Mo. Dr. M. D. Dawson,
OStJ Professor of Soils, Dr. William McGuire, OSU
Professor of Farm Crops, the late An.ur S. King,
OSUI Extension Conservation Specialist, and Dr. E.
Ilugh Gardner, OSU Extension Soils Specialist,
cooperated inlthe study. 

PROCEDURES
 
The OSU extension soil fertility program coordi

nated through the Coos County Extension Officeinclu(ed (1) TVA demonstration farms, (2) research
projects by Oregon State University Experiment
Station researchers and (3) applied research and
d(lemonstration trials by county extension agents.

This report is on the applied research and demon
stration trials established to investigate subclover 
response to P. S ami Mo. The trials were established
from '1965 to 1975 at a n lumberof locations. The
results of trials at seven locations are summarizetd 
in this report. A randomized block design with three
replications was used for all trials. All trials were
established in the fall on established stands of
subclover with harvest made in mid to early spring
using an 0.9 in sickle bar mower with a 5 cm cutting 
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height. The areas were fenced to prevent grazing. 
The P and S were applied broadcast and the Mo 
in a water solution as a spray. Treatments and rates 
of nutrient a)plication are listed in Tabhle 1. Soils 
were sampled prior to treatilent and chemical analy-
ses of the soils in the seven locations of tihe trials 
are listed in 2.['ilehh 


TABLE 1.Treatments and rates of nutrient 
application 

Treatmeti Rt of Applit:,tion 

Check No fertilizir 
) 22 1%gP/ ha 

is -, kg . 
5 kt Mi1i 

NNW 2-4-0 g 11,1w r25k i h&t, 2( g Nlia(ihI)S~~~~h)2 k,,, . 


TABLE 2. Summary of chemical analysis of soil 

samples from trial areas 


, K t: , ,1g (.1..,
M,+q Nh'I-hq (I
 

IllIg lig I0g I( OgLocaitin il ptlm l0000g rpm 

,larns 5,2 2.11 O9 51) 4,7 1).4:1 

(;ean,,y 5.4 5.0 0.82 5.9 :.:3 0t.41i 11.1 
MNcKenzie 5.7 :1.5 It I 7.4 4.4 1.5.1 22.2 
R. Watermin 5.5 :15.11 0.11ti 11.7 3.7 

Wahl 5.2 6.01 1.211 6i., 4.2 (.54 
Bethul Creek 5.3 13.0 011.11 .1.2 2.5 

C. Waterm,,n 5.5 3.11 1.47 5.4 2.9 

Dilt, ,:iil.Fiiurilu NMlhud (Br,). 

'A umni Meth . 

RESULTS AND DISCUSSION 

The combined appli(ation jf P. S and Mo to 

sucl)over hill pastures produced significant increase 

in yields in i!alh (If the seven trials. The yields of 
air dry forage from the trails are summarized in 
Tal):3. 

TABLE 3. Effect of varivus fertilizer treatments
 
on subclover-grass yields at trial locations
 

1,hi:Ivr Y ivIts as A'Nveag kgi/I,.\ir 

Iry Forage fur h R'spcilive Tretitmntls 
p'S PNh,Localion Ch'k I' 

Atlms (1972) r04 1 1311 21001 21113 
Wlhtel (:reek (I!000t) too:i 2J1:i0. 2 ,s.1, 322 I 

713 :1114 :1715 3.11-
Betiel Creek 1966) 


McKenzil (1.1710) 2 551 - 3012 .1-1i13 

Ray vWaltrmain (l1911) 2754 - 4 7-13 Ii 111 

(Gwaney (1711) - 4 2194 31:1| 7 115 

Cay (1971) - :1244 2474 .1 127 

- 5711 177-WaMl (10711) 
4112 - 11111 2 935 

31111 
C. Watermin 119073) 

C.(,Wairinai (1974) 1125 - 053 2 

C. Wittirnill (1975) 5111 - 2 722 :1-1411 

Phosphorus
 

Response t(oP was nfleaisure(l in the Bethel Creek 
and Adilans trials. Ap)lication of 22 kg 11/1ha in

(:reasell yields 114 to 125.. The yield incr,'isws 
ranged fr )inl i t 15011 kg/ha. 

Sulfur 

IllSi, ,as dppilIill 

and Adims trials. Yields \tere in:reaised 1: to 7b1"., 

from the iiptli:tation of S at 25 kg/hlia. Till! int;ri,ls 

Stllfrll'' l) at tie l ethel Creek 

in yields ralloml from 401163 kg/ha.
 

Molybdenum 

All of the trials responded to theillap)lic(ltii1 of 

I(Mo. Incr'tse ill prolduc:tion froimn the appli:atioin (if 
420 g N! frm t tU .}";,. ()Iiharanged 14 Yilds 

air driy flri e in reiised .427 to 2353 kg/ha ill the, 

se'en trials. 

Molybdenum-Phosphorus-Sulfur 
The aIp)li(:tii(n of 1). S ind Ni, together gave thw 

gle(als inl:rese. This indlit:ctel that all three nlt
trients were difi:ienl for miaxiluni Suilllvi!r lrii-
duct ion. Yieilds were in1:reIst(l 49. to 5901;%wilh 
air dry forage yield increas.es ranging from 127 to 
3435 kg/ha. 
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Lime and Phosphorus Response of Medica. i sativa
 
Seedlings on Low pH Hill Land Soils*
 
D. Webel, P. R. Henderlong, and F. L. Himes 
Ohio State University and Ohio Agricultural Research and Development Center, Columbus, Ohio, USA 

'l'hc, of so irlcllstlel1 Ohio ire predoli-
hill Lald 

nairtly acid, requiring both limle and fertilizat ion 
for'silisf lor iprodiulio. Soilsfrilge :glilmli I'lhles 
ar(! generally quite suosceplihh, t( er'osion. mflaking
it iuisjr;ifhe to hreiak Il,sol ()rlill in ord(erIihem 

tio illit)rporllxtl till liml l lly r%,(:iilirrllifed.
usuli 


firown (1959) found th11ild oletd skuierplruosilae

resullted illgreater alfalfa (Aedir:aa saliva L.) Seed-

ling growth than te seililli mixed with the'iiiourt 
soil. ilind-seedinfg for alflfalli eslIishilnlt has beell 
rTC0tiientleVfiVd hl.m \*euilr',is ideillly suitedilmanll and 
to iinio- ill planting )[1ogr . 

.Soil lliitrtioir of si;allc lapplied1- ]illiustoll is 
rather slow (Longe(!(;ker uid Sprii iu, i!.I() and 
high rills of ill',i' in collsider l eh lossjlinl, lairesull 
(11l1e to sirfilcl erosiol in hill Liming iaillids,. to
imillimum oil ph I of' t11is esstI i'ulll sal.-tisfactory%
istllflisl!nlt of illfa, l hlmailin ( !1tt) found hdll 
mllirin alfallfai Yields wereI obililied bv limillg 
to Isoil ill)of 6.7. Surfic ;applied lime will iffect 
primalilrily Ihle slrflc(! 2 to ir of Soil durinig tihfirst year. Since sil lesting. Ilorltories lYpic(Illy
baseitlhetir r1er s on the I5-c laler,eun pilophw
llese rates could p()ssibly h) lowered by 50 toIti'l;, 

to liiliilniz. lilil(esollne losses i. surt ci rulloff. 
Thesi lower riltv Should still Ibe,Sufficiill to limull- (ofrock phosphat/hli 4.4 kg availahble h/ha andha
tr'ilize the upper 5 (;ui oid slslutl lliitions 
woiild I llecess'll,y to ii tii ; hiri l
aell hhSSoil 111I. 

No-till )liing of f'orige legiilfs uiiles i iflli-
ficatioi of collollill Soil nrllliit ictices lnr ll oli 
acid soils. sill illw calillt liie re'ildilv illcorporilll 
into the soils, ,acid-foirrilg fe'rtilizers slich as.,tripIe
siperphosplhale will Iikly incrvase th' (efffctive;
acidity of Ihe ilni(roevilr'ollilleilt of the developing 
s ctdE.g. Girhuiis( exlirilleilts were flthrf(re, 
dhsigneil I exillrniile the effcl of li, sourc! iof P
and thle Iof ihleliu11 fiuIapplicalion(l seedlling
growth t)fiilflll'iIhle irliu:rrrviro'nlivilertrind soil pl-I. 

MATERIALS AND METHODS 
IJrdistill fd sonil iores wire k l iflroll a Gilpin

silt hoain (Typic: lapi udtill) with a golf green cup
citter ind placed in '11.5 X 10-cm cardboard (cll-

iiilers.'I'lhle initial soil p1-I was 5.0 with 4 kg of 
available P., (r, /hi. 'T'herecommnended lint rate \vas 

PIuhlished wilh iitmruvIi of ihe Dlircclur islournil Article No. 

,10-711. 


13 MT/ha. Soil cores fromn this site were used in 
two greenhouse experiments. 

lhle first experriment olmpared theltihin and irneth
oi of linme application oil the seelling development 
of Thor alfalfa. 'lhe equivalent of 11 MI'/ha of lime 
was applied alsix weeks, thre we ks, and irniedi
ately prior to seeding. Thu inethots of lime ippli(a
tion %%(!re!band, oadcast abllo th(oroughly inllcr
porated. Thl anded liml wais applied in i Slot 
iipproximately 'I ;i widil aid 4 cIll (eep across 
Ihe pot. A control trealment without liie w.s in
c"luh:(e. All ItIlients wee re)licated six liles with 
three! replications hirveste( six weeks' after see(ing
andlte rimllilinling repliitllrs hill'vested fell weeI s 
ifler seding. A\ solution ,t110 illei l toof Kl ,(tpi 
I) kg P/hii ald 1(( kg K/hil) wis applied to ill 
tretillmllentsl in a ban b i lle il imm(diat;ly
htefore tillsed(ing. lii the banded liie treiitnients 
the KI I P0., and sled were )inded. ()iln! wvek aIfter 
seicding. ill treatmiillnts wel! thinned to i uniform 
population of tenl see1 fdlings/contiii ner.

The Second Std a 2 ;<3 factoriil with,fk involved 
three replir:tions. Treallllents were: no lime vs. ]ilie 

P,
(1:1 MT/ hi) eiach wiih three I trealinills; no P600 
kg of Ia(t,lhU = 174 kg liha, ind (3iO kg 

46 kg of totil I/hi. All ) tratennts were applied
in ibindtillitdepth of 2 (:i , with the see ds planted 
over thl fevrtilizer iind illi depth of approximately
:1111111. limehtreatenlit wis broadcast uniformlyh 
across the llsurl'ace. All treiltnlts were harvested 
11 V(!eks after seedfing. 

Soil cores were taken with a 1.5-cim probe aleach 
harvesl for pH-I analysis, All p1 determinations were 
niade in a 1:2 (soil:water) suspension. 

RESULTS
 
Greater alfalfa seed]ing growth was observed when 

lime was apjPiietl prior to seeding (Table i). 'TIhetreatients with incorporated liine exhibited i 
undesirable surface Structure, resulting in relatively
slow water percolation clue to surface crusting. 'hus 
the surface of this treatment tendetd to reiain some
what Saturated mlch of the time.

With the banded liwme, se;dl irgs tin ot' near 1; 
band grew very well, whereas thonse imore distat! 
fromn the band nIade little growth until the root 
system reached the treated area. An increase in 
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LIME AND Pt1IOSPIIORIISRESPONSE OF MEDICAGO SATIVA 

TABLE 1. Alfalfa seedling growth response to 
limestone (ten weeks after seeding) 

Limistoni/ Appldcatim 
Tnimv Mthod 

Disturbed control 

No-till control 

At seeding 	 Inctrporiteid 
Bindid 
Broadiist 

3 weeks before BMnded 
seeding Broadcast 

Shoot Wivght Root WI.ght 
(Ig " pot) ing/ pou 

715 if 845 (A 

93f 77 d 

2 1711Rbc 2 2.13 , 
1:1: cIt. HIU0
,d 
2 520 ,b 1 508 ab 
I684 bed 971 bd 
1:)te 11o52:d 


6 w eks before 	 Incorporated 954 def 972 hTd~c~iiti Bil~lel :nt731 e edonSee.ding Ba;nid 73fi ef 3111 cd 

Broadcast 2 62tt a 2 132 an 

'Nivaris follow d by thi,same le tterwithin a coluimn ire not 
significantly differnt at the 5" hlvel. 

growth rate was noted for the seedlings more distant 
from the lime banid between six and ten weeks after 
planting. 

Nodulation was very responsive to the different 
lime treatments (Table 2). Incorporation of lime 
provided a uniform distribution of nodules abolt 

3 mm in diameter throughout the root system. 

Broadcasting lime resulted in itlarge c(luster of 
nodules at the crown with very few nodules on 
the rest of the root system. Banding litme resulted 
in a chain of nodule clusters along the tap root 
throughout the extent of the Iime-ha nd region (from 

depth). With the no-limethe surface io about a 4 cm 
treatment there were very few, if any, nodules present 
and the seedlings were generally chlorotic. The 
penetration of lime below the surface 2-3 cm was 

TABLE 2. Effect of time and method of limestone 
Tali2.Ecat on sil and alfalf sli n
application on soil pH and alfalfa seedling

nodulation (six weeks after seeding) 

Limestone Appliration 
Time Method 

Disturbed control 
No-till control 

At seeding Incorporated 
Banded 
Broadcast 

3 weeks before Banded 
seeding Broadcast 

6 weeks before Incorporated 
seeding Banded 

Broadcast 

Nodulation 
Soil pit Rating 

0-2.5 emin2.5-5 cm (tI-by 

6.2 5.5 :.3 d(:"
5.2 5.0 o.:t 
7.2 7.3 7.7 a 

6.3 5.1 4.7 bed 
6.0 5.4 5.7 abc 
6.4 5.6 4.3 cd 
6.0 5.3 6.0 abc 
7.1 7.2 7.3 a 
6.7 5.2 2,0 ef 
6.2 5.3 0.7 ab 

'Nodulation rating scale 0-10, 10 = hest. 
"Means followed bythesameletterare not significantly different 

at the 5% level. 

quite minimal except when the lime was placed 
below the surface by handing or complete soil 
incorporation. 

In the second experiment, banding of calcium 
phosphate depressed alfalfa seedling growth 
compared to (he control or no phosphate treatment 
(Table 3). Liming alone did not significantly increase 
the yield, but did overcome the seedling growth 
depression caused by the application of calcium 
phosphate. 

TABLE 3.Effect of lime and source of phosphate
 
o f liedan srofhalfalfa seedling growth 

Tireatnient :\pplh:,1tin R,11. St-,,dling We-ight 

(Ig/p)o)
 

Control 	 lt 1x:" 
Limestone 13 MT/ hi 297 bI: 
Ca(tl/()..(29";)) alal 1') 600 kg/ha 21 : 

CaIt P)4)


k 1 
., 

Limestone 
Rock phosphate 
(1.3 	 availP 13.61 

total P)
Rock phosphate 

1 
Ljmestone 


600 kg/ha 
1152 ib 

1:1MT/ha 
t0 kg/.ha 1119 at 

600 kg/ha 
2 144 a 

1 IMT/n a 

'Means followed Ibthe same letter are not significantly i iffir(ilI 
at the 5% leel. 

Soil pH analysis of different zones within the 
calcium phosphate treatment showed a slight drop
(to pH 4.7) in the immediate application zone. This 

asdid not occur with rock phosphate. Presumably 
a result of this difference, rock phosphate with or
without lime 	 resulted in superior seedling growth
at the end of the 11-week period. 

DISCUSSION 
The data strongly suggest that for good alfalfa 

establ ishment on acid soils, pre-planting surface Iime 

applications are superior to applications at planting.
This was expected hased (on the lime movement
studies reporterl by Lirngnecker andl Sprague (1Y'0) 

in which minimal penetration of surface applied 
lime occurred after three years of incubation. Due 
to this slow penetration of surface alplie(l lime, 
banding lime may prove to be a useful alternative 
in a "once over" pasture renovation program. Never
theless, seedling response to broadcast lime indicates 
the overall advantage of broadcasting at least a 

portion of the required lime on the surface. 
In these greenhouse experiments most of the stir

face applied lime was still visible on the surface 
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16 weeks after application despite the liberal irriga-
tion program. In earlier field experiments at the same 
site from which the soil cores were obtained, there 
was no significant difference in soil pH in the upper
5 cm of soil between surface applied lime at the 
recommended rate and at one-half the recommended 
rate (Wbel 1976). This is un(erstandable since lime 
re:ommendations are commonly based on neutraliz-
ing the enlire plow layer, whereas the neutralization 
of the surface 2-:1 cm is all that typically occurs 
during the first year after a surface application of 
lime (Fig. 1). 

7 INCORPORATED 

(0-5 cm. depth) BANDED 


(0-2.5 cm 


7to 
BROADCAST 


"r/ (0-2.5 cm depth) 


- BROADCAST 
Z<"255cmdph 

BANDED 

(2.5 cm from band) 

,y

CONTROL 
 6 9 12 

WEEKS AFTER APPLICATION 

Figure 1. Changes in soil reaction (pH) related to limestone 
application method and time. 

On hill land. surface application of large quantities

of lime may be somewhat wasteful die to the
 
potential surfa,:,! runoff. Thus, annual 
or biannual 
applications of 25-33%, of the total recommended 
lime rates wuld ikely be utilized more efficiently
in neutralizing the soil acidity under hill landconditions. 

Acid-forming fertilizers such as Ca(H.,PO ), or
triple superphosphate can be quite( detrimental for 
the establishment of alfalfa due to the decreased 
soil p1l in the seelling inicroenvironment. Even with 
the higher level of available phosphorus in triple
sutperphosplhate, the rock phosphate resulted in 
greater seedling growth. In an earlier field study,
triple superphospbate Ireatments on this same soil 
were essentially void of any legume seedlings;
however, rock phosphate treatments resulle(l in sal-
isfactory seedling stands with and withoul the ap-
plication of lime. Without liime, however, the see-
dlings were lost during the dry summer months. 

WEBEL, HENDERLONG, AND HIMES 

The use of non-acidulated rock phosphate in acid 
soils shows distinct promise in a no-till pasture
renovation program. Under ac(id soil conditions 
sufficient phosphorus be released to supportcan 
initial seedling development prior to any effective 
pH increase due to the surface applied lime. Higher
application rates of rock phosphate shoulIle used 
to compensate for the lower phosphorus availability.

Placing the lime in a band below the surface will 
decrease potential surface runoff problems but the 
mechanics of seeding directly above the hand viii 
require the development of new machinery for band
ing the lime. Also, the large quantity of lime required
for correcting the soil reaction makes it impractical
to lime, fertilize and seed in one operation under 
most acid hill land situations.

With no-till alfalfa seedings in acid soils, neutrali
zation of soil acidity as well as adequate fertilization 

practical method for correcting the soil pH continues 
be a broadcast application during the season prior 

to reuovation (6 to 12 months), with periodic lime 
applications thereafter as determined by soil pH
analysis. 
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DISCUSSION 

Unidentified. I noticed that nodulation followed 
the pH level. At what pH will the plants effectively
nodulate? Also, did you examine for manganese and
 
aluminum toxicity at a pH level of 4.9 to 5?
 
Henderlong. 
We (lid not examine the mdnganese
and aluminum toxicity problem in this particular
study. In response to your question on p11 for good
nodulation, it appears to be around 6.5. Although
I am not a soil microbiologist, the optimum range
for nodulation is generally accepted to be 6.5 to 
7.0. 1 think we more nearly approach that pH with 
the banded lime application treatment than with 
the other applications in the seed microenvironment 
of the young developing root. 
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TGURISM AMONG THE EASTERN CHEROKEES 

R. Singh (West Viiginia, USA). Dd you determi ne 
exchangeable aluminum in the original soil? What 
percent of the CEC was saturated with alnlninuni? 
When you see the root sysi-in it appears thait y oi 
put the lime oil the surf., and the root has not 
d,,veloled propf 1ly. Is this ,.inui toxicity a lack 
of calcium oir wht? 

Henderong. I on sorry that I cinnotli.ive You Ith 
ex,ct figures. hut it was a (;ilpiu soil. e\treinel 
low in XChan,,.. ,eluminum.Mr. Wlol's thesis 
does have the other Juirtinenlt Soil ,1nl'ysis. and based 
(oI that infor'lmlit on aInd th,, pler 'elnthaSe sartiatill, 
we dto not lel thtl it w,,s either in alnninum or 
Ilhinig rll't poldlehh . 

Unidentified. WVre roI phosphiate and limestone 
mlixd togeterImd then inclibilted?"Is this holv this 

31. 

was done in getting the yield you just showecl on 
the last slide? 
lienderlong. The limestone was applied to the soil,
distrihuted, and mixed in with approximately the 
upper 2.5 cim of soil. A thorough jot) of mixing was 
difficult elcaus,, of the \vegetative residue present. 
The rock phosphate anld the calciumr, phosphate were 
applied ina bouid directly elow lthe seed. 
Unidentified. Was !he amountl oif lime that youl 
baled te sale a'olll t that yOil pll on the conl
plete pit? In o1her wolrds. was Ile anlo lllthat 
VOul badled illd :oIn:I'ntriteld ftriln coniparahh: to 
the hroiadcast applicaiolns? 
Henderlong. Yes, the lime \wis weihewd and distrili

utied uniformly or mixed ill unihumly, respectively. 
for both methods. 

The Challenge and Threat of Tourism Among the 
Eastern Cherokees 
Laurence French 
Western Carolina University, Cullowhee, North Carolina, USA 

Tourism imon, the :\ppmlachian Clhe!rokes poses 
a paradoxical dilemnma for these people not only 
economically but .:ulturmllv and psychologically as 
well. Rapid changes which have occurred since 
World War P! have drastic,:lly altered the lifestyle 
of these once isolated arid consvrvitive :I ,.n 
Indians. These c.hanges have resulted ii increi-,ed 
physical and mental health prohlems amngnori, 'he 
Cherokees (Tribil Report, I97i). At the same time. 
the changes resulting from their new tourist role 
have hrought about technologica! ildviantgitgs onIce 
unknown to the E'astern Cherokes. 

Most observers hajve realized that some hi1s must 
accompany any sudden social change, and that the 
ensuing anonic situatio, of cultural norinlessness 
is traumatic. for many rnerntius ciuight up in this 
transition (Durkheim. 1968). Moreover, this type (I 
transition is confusing to societal members whe!n 
it involves movement from a frlk to an urban society 
or vice versa, Cambodia representing an interesting 
contemporary example of the latter. The Cherokee 
transition, howe'er, was one from a traditional olk 
culture to that of the dominant Ujniled Sf;ats indus-
trialized society. The Eastern Cherokees did not 
readily fit the general assimilative model according 

to which other ethnic groups have merged or bmon 
assimilated into the largem American cullture. 

There are two reasoms why the Appalachian tihbr 
okein:- were different. First. the Cherokees ]ill not 
(;hmis,: to fully issimilate thiselves ilitu the luger 
whit (,iiltrit situiation con~ipuiulliolI by Iln'i 
distincntive physical mn iltiril difterm;es. Seconml. 
tihe. overall Southern Applailihin development plan 
ws devisid in such a miinu1r Is tol ultilize the 
Cheroke-es' Indian heritage as a major iittrolion tho 
this arei. Apparently fi,., either Chrokel, or white. 
envisioledl the, comtplexities in volved ill this ,lique 
experimil il cultural adlptltioll. ()stemisibly. tll 
link between land-use and ciultural trailimlilisn 
escaped til scruliny of the patrk pljini es, thel white 
developers and the Iribal leaders. Tohly we find 
that a relationship !xisls betwveen til! moniificitiol 
of land use and tile dimiinishiig of thl (l re,'s 
traditional heritage and this caused Ihe nergnl:e 
of new social problems i the Qmillh liommidry. 
as a major section of the eistc: inreservation is;cialled. 

Perhaps Ihe most critical problem in the Cher
okees today is lind mnagemenl. This in turn reflects 
the larger issues surrounding thetI:ansition from 
the old agrarian folk sociely to that of a contemporary 
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industrializd society, represented for the Cherokee
by the tourist industry. Even though the Cherokees
on(: claimed millions of heclares of territory, today
Ihey have title only to their 22600-ha reservation,
Much of this land consists of mountains, with only
1t)i% suitable for agricullure. Here some 7000
enrolled Cherokees live, while another 1 000 or so
live adjacent to Irihal trust lands. In the past this 
land sufficed in m:,inlaining the Appalachian Cher-
okee population mainly becaiuse of cool)eralive agri-
cullural ecnlhavors. hut the proportion of agricullural
land has diminished since the advent of the tourist 
industry, wilh just over I % of the land now so usVd.To illustratle, during Ihe four-year period 1966-70,
269 ha of agricultural laud was taken out of produc-
fion. hlving only 218i ha for farming (Cherokee
Comiprehensi'. Pian-Vol. 1, 197(i).


This (:ultural Iransformalion has led to 
new prob-
Itis, o el( most signitic~ant being poverty. Theof the 
:;dian Agency Social Service Departnent descrihe',the ,itt(raliol itsfollows: 

This area of Appalachia has heen at pocket of 
poverty sin(e the time it was setled. As lite! 
is '960, the per capita incomTe (f the six Western
North Ui:rolinna counties was $836 Iscompard
t(($1.09 average for the stte nd St,.c(01the 1 fortion. The. Indian's pghtle was nsidhratlyworset e\ten in iis (lpresseh area hi 195tihle 

averase family incti e wa'es (stimateIl 191$600 
iiul lly or some $200 less than the per capita

in(:ome in the surr('ulncling itrea which was little 
nore Ihan half itsnucth as the natiollil] level.
li 1958, "140 families hadlehss than $300 Cashincome er yea'. The y,esars 155 $t1959 sawtimCherokes r h the loest h h i1r9 i:ntm:
(leriatien. Piractically not eblb ithycolnr waavailable duriong th winter mnilt o in wistin tiie boarding schltrs hadlo:Ised and thechilreo were in their homes the yedar-round 


for the first time inmany years 
 (I Cherokee 
history. Prior to 1940, st ne employmient was
avaiahble in Ihe logging industry, but this was

(Irasti:lly (lecreased 
du1ot(the establishment()fhthSmoky Mountains National Pk lduringOf rhe Waroyl l. na Nhctopena lk.DuingWorld WiI.-th e warlecono fPreventled ai 
depriv !iori b t by the eslfendllorilf. War, tlhl 

Cherokees were act uallkv suffering. After World
War 11,while the nation prospred. c:onilitions 
of tihe people of ihe Chlerokee Ieservation andS n(erly
beIl lnt ies surr ou ing it continue dto dcl ne. 

[he saille federal igency also States tllit toLris i
has had an adverse effect oin the Eastern Cherokees: 

'The1 prohlems encounteredl when an Indian at-

termnits to miove from extreme poverly an.l

agrarian 

an 

way of life to a Imoney econony are 

FRENCH
 
awesome, Added to this transition, the Cherokee 
feels keenly the on-slaught of the dominant
Anglo culture compounded by over eight mil
lion pleasure-seeking tourists each year who
invale his reservation and gawk at him as the
Native American. The astute Cherokee obliges
for economic reasons and with tongue in cheek
he dresses in feathers, (dances,sells Indian-made 
artifacts (or Japanese-made Indian artifacts), 
prepares food, serves food, and generally enter
tains the visitors. it is however, an affront to 
his way of life! and although his economic 
situation is grcatly improved, this rapid changein "conomy and cullure has not been attained
without a price-one of which is excessive use
of a:ohol and the resulting problems of broken
families, children living away from their natural 
parents, crime ani( delinquency, etc. (Cherokee
Health Evaluation Reporl, 1975: 30). 

A cons,:lr',:tive estimate oifCherokee poverty places 
it 38'% above that of the state of North Carolina 
and 38.24'%. higher than the national average. Ac
cordingly, 55"; of the Cherokees live below the 
poverty level. Others feel that over 80% of all
Cherokee families live below the poverty level of
$3000 per year. (Cherokee flealIh t-Evaluation Pro
gram,1975).

Other social problems have resulted, especiallyduring Ihe past fifteen y'ears when tourism made
its greiest irPa: het ropoQuallai l houn(lry, which 
o the largest portion of the reservation. 

Among the Cherokees, Alcohol-rclated problems
have always been i social issue. but nore recentlypublic: uhrinkenneVss has emerged iasa serious situation (French. 1975). In the past most drinking pathologies occurred in Ihe privicy (f the family orcomlnllllily selting. far from public view. And while
this isohlt.d form of drinkil g still exists among the
more traditional Cherokees, 
 puhlic dlrinking is arelatively new phenomenon amog the Eastern 

Cherokees wlhi:h (orrs)snls closely with the a(
vent of ite tourist industry. In fact, public drunk
ennness, 
 'drivingwhile intoxicated, and public brawling while intoxicatle(l are examples of ehavior Ihatwas tahoo accor(ling to the Irlitionil Cherokeeethic, which is opposed to public or overt expression
of behavior. vspecially emotionl behavior. 

Similarily. criminal assault has increaseld, s well 
as breaking and enterinig, larc:eny, trUincy and disor;onduct. Ilid(lition, abdout 1 500 cntal disorders are reported annually (Cherokee Iealth 

Report. 1975). This and other hlealth problems sugtgest Ihe prevalence of social, cultiral and psyclholog
ical co(nfusion anmong Ile Cherokees dIuring this 
transitional period. Major health problems include
(lialleles and hypertensive disorders which affect a
third of the tribal population (about l500 Cherokees), 
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while diseases of the circulatory system and over-
weight afflict an even larger number of them. The 
Cherokee Public Health Service records some 30000 
hospital visits a year including over a thousani 
laceralions and nearly three times that number of 
other entries related to accidents, poisoning or vio-
lence. These social -problems, in k'rrn, have led to 
a bigher proportion of hroen hin,'.s, witi ma ny 
1'416) Cherokee families ha ving a female head-of-
household, 

METHODOLC 31CAL NOTE 
Only descriplive analysis of the data is possible 

due to the difficulty in otlaining first-hand data 
from the Bureau of Indian Affaii's Indian Ilealth 
Service in New Mtxi(:o. All Indian health data are 
kept in Albuquerque and it has only been within 
the past few years that these dLta were categoorizevl 
according to hasic d(eograph'lit: standairds. i.e.. age 
and sey. Unfortunately. this information is difficult 
to )btamn and has been unavailabl, even to tribal 
officials who need it for pr'p)alring 'rant proposals 
and to evaluate existing programs as well as o proje:t 
fulure needs. 

CHEROKEE TRADITION IN TRANSITION 

The forced removal of 1838 divided the Chero-
kees into three distinctive geographical groups: Ok-
lahoma.' exas and North Carolina. Initially the North 
Carolina or Appalachian group consisted of about 
1000 Cherokees in comparison to the current 8000 
population. Eventually this group became known 
as the "Eastern Band." These Indians were some 
of the most conservative of the old Cherokee Nation, 
opposing most of the progress made by this Indian 
group during the early 1800's. The Appalachian 
Cherokees seemed conteni on continuing the old 
cultural lifestyle undisturbed by either the new 
progressive Cherokee culture or by attempts toward 
acculturation. Their original land holdings included 
most of what is now east Tennessee and Westforn 
North Carolina, but a treaty condition requiring all 
Appalachian Cherokees to "deed" their tribal hold-
ings as individual land holdings and to become 
citizens of North Carolina, led to the eventual loss 
of most of their regional lands. A long legal battle 
ensued, follbwing the Civil War, concerning trust 
land obtained for the Eastern Cherokees. Apparently 
their lawyer, a local white named Will Thomas, didI 
not keep accurate records of these transactions and 
it was not until 1975 that the land issue was finally 
resolved. Today the Eastern Cherokees have land 
scattered over four North Carolina counties and a 
small island which was recently presented to the 
tribe by the state of Tennessee. The single largest 
land tract is the Qualla Boundary located in Swain 
and Jackson counties. All told, the reservation con-
sisls of some 22 600 ha which has been held in federal 

trust since 1925. The period of trust is 25 years, 
at which time the tribe votes on whether to continue 
the pact for another period. The current period ends 
in the year 2000. Other land surrounding the reser
vation is deeded, being owncLd ly Cherokee Indians, 
This land is not considered part of the Irihal holdings. 

Much like their aboriginal ancestors the early 
Cherokees were farmers, augmenting agriculture 
with hunting. fishing and the gathering of wil herbs, 
nuts and plants. They survived and seemed c(ntent 
in maintaining the olt Indian lifestyle isol;'ted from 
the rest of American society. For Lher:adh', Southern 
Appalachia was a haven for mountain whites and 
Cherokees who preferred to he left alone to pursue 
their respective lifeslyles. But ircrei,;ed federal and 
state intervention brought p)res:iirc Ik hear upon the 
Appalachian Cherokees to idier 1heir traditional 
lifestyle. This and the advent of oi,railroad, used 
initially for ruining and logging irdusries. served 
to open up Appalachia to otisid:rs. Yet, for the 
most part. the mrouintin. remnined an effective 
harrier against outsiders. Access roads were poor 
and services and accomnmodations few. Piolically 
and econonmnically southern Appalachia was viewed 
as low-value re:dI estale, therefore little considerationwsgvnt tw.as given to it, 

Perhaps the initial factor leading to the change 
in the Cherokee culture was the state',; effort at 
taxation. Prior to the imposition of stite taxes lhe 
Cherokees operated cooperative firms under the 
management of a fa inily network known is the 
Gadugi. This kinship-hased mutual Aid society made 
best use of the rug;ed terrain with fields, gardens 
ancl orchards dotting the Quialla Bounlary and each 
family diviling the labor accor(dingly. This agricil
tural system ca me to in abrulpt end when North 
Carolina began to tax the (;adugis as corporations. 
Thedecline in the self-stfficient cooperative lifestyl, 
of the Cherokees was reinforced with the advent 
of federal aid which made a significant impact in 
1925 %.,hen the U.S. assumed trust responsilility for 
the Eastern Cherokees. Mort:over. once institutional 
dependency replaced the traditional mutual-aid ag
ricultural cooperatives, other mutual aid endeavors 
(logging, fishing and hu nting) were forsaken as well. 
This was sorely the beginning of the transitional 
period with the advent of independent, secondary 
institutions staffed mainly by norn-Indians an( pro
viding services which were once handled hiy Ihe 
extended family network an( local community. 
Some jobs were provided iy the logging industry, 
but these ended (luring World War II when environ
mentalists sought to protecet the remaining Southern 
Appalachian vegeLation for the public's enjoyment. 

Certainly the most significant factor during this 
transitional period was the development of the Great 
Smoky Mountains National Park. It was originally 
conceived in 1899, but was not dedicated until 1940. 
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Approximately one-third of the 20td000-ha park was
primeval when the idea was frst discussed, hutextensive logging of land once owned by the Eastern
Cherokees greatly liminished the proportion of vir-
gin wilderness. By 1940, 18 timber and pulpwood
companies owned 85% of what is now the park.
The remaining 15% was divided among 1200
nountain farms plus 5000 summer homesites and
lots. In all, there were 6601 separate landowners 
to contend with, 401 in North Carolina id 6200in Tennressee. Tennessee landowners mostly owned 
summer camp lots, 1000 of which were sold in 1931 
at a Knoxville movie house promotional contest. The
first land bought for the park was th, 13 200-ha Love
Speculation, land which the Elastern Cherokees sold 
to a prominent local white who logged it before
placing it back on th, market. In 1899 this land 
was set aside for the park. In 1933, North Carolina 
and Te r'(nessee transferred Appidachian land to the
federal government for the purpose of the park, anti
this, along with a $5 million donation by John D.
Rockefeller niade our nation's 22nd national park 
a rea lity.

The)rig iul park p~lan ners realized that the Eastern
Cherokees would have to ply an important role 
as iatourist attraction in this otherwise isolated part
of the Southeast. The park, the Tennessee Valley
Authorily's complex (f mountain lakes, and the road
building prograni during Ihe Great Depression were
all designed to provide easy access recreation for 
the pop uius eastern United States which lacked any sizable recreational facility at that time. In this
origiml pIlan Ihe Cherokees were prepared ioplay
the "movie-Indian" role (esigne:l to attracl tourists 
to the area. Considerable effort was reqtuireti for this
drhastic cultural Itransformation to occur. I i essence,
Ihe Eastern Cherokees had to exchange their unique
cultural lifestyle and self-maintained isolation for 
a false Indian image anl congestion during the
tourist season. Three institutions were responsible
for :onvvirting the Easteri Cherokees: The Bureau of
Indian Affairs, the National Park Service and a newly

organized group of local busiiessmen and politicians

known ias"The Western 
 North Carolina Associated
Communities." The Suiccess of their joint effort isrealily evident with advancements in certain areas
of the reservation such as new schools, churches,

homes, roads, shops, motels, stores and restaurants,

Furthermore, eight million tourists visit the reserva-
tion during the six-month season (April-October).
Most of theim also visit the adjacent Great Smoky
National Park, thus making the Qualla Boundary
the most visited Indian reservation and the Great
Smoky the most visited national park in the country. 

THE CYCLIC IMPACT OF TOURISM 
Generally speaking, this success has not been

without social problems which seem to be directly 

FRENCH 
related to the success of the tourist industry, and 
one of the reasons for this is the cyclic nature ofthe tourist industry. For six months Cherokee is
flooded with the onslaught of millions of tourists
only to be transformed again into an isolated rural
Appalachian community during the offseason.
Hence, many Cherokees come to stiffer an ad justment
problem and this is evident in the increasing propor
tior of "marginal" Cherokees. Prior to tourism most
Cherokees lived a rural farm existence much liketheir ancestors. But today their land holdings are
far more valuable for tourist enterprises, thus farming
has fallen off considerably, so much so that now
they are classified as being "rural non-farm" (Tribal
Report, 1976). The changing value of this once
low-value land now has a magnetic attraction tothose millions who find the combination of American
Indians and these beautiful mountains an aesthetic
portrayal of Americair beauty. Bult land which houses
motels and tourist shops cannot be farmed and many
Cherokees who would like to farm, as they did in
the past, cannot because of the encroachment of the 
tourist industry.

Some Cherokees have adapted to this situation.
They comprise a small elite known as 'middle-class' 
Indians. Yet most of the tourist industry is not run
by the Cherokees but by non-Indians who lease 
property either from the tribe or from individual
Cherokees. These white businessmen and the mid
die-class Cherokees constitute their own separate
social circle on the reservation. 

The remaining Cherokees are torn between these 
two worlds-their traditional heritage on the one
hand and the affluence of the middle-class Cherokees 
on the other. In addition, they are not certain what
is expected of them either from their own people 
or from the larger dominant society. They see the
movie-Indian image being rewarded by the tourist

during the tourist season 
and yet they learn of anentirely different cultural heritage from history and

from their traclitional brothers and sisters. Although

-this increasingly large class of marginal 
Cherokees
is a direct consequence of tourism and poses a serious

threat to the continuation 
 of the unique Eastern
Cherokee cultural heritage, few anticipated this dilemma and few know how to handle it today. This, 
more than anything, is the ,'eal challenge facing this
part of Southern Appalachia. For few would question
the relationship between the stability of the Eastern
Cherokees and the continued success of the Great
Smoky Mountains National Park. If one fails, then 
so will the other, and in this respect a large portion
of America will stiffer as well (French, 1975).

Currently some effort is being made to resolve 
this issue. The Cherokee Historical Association hasbuilt a $1 Y., million Cherokee Museum whose 
purpose is to preserve the original Cherokee culture.
In addition, the Cherokee language is again being 
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taught, this time in the Cherokee schools. Arts and 
crafts guilds have been formed among the Cherokee 
people in an attempt to preserve their skills and 
to teach them to each other. And they are not lone 
in their effort; state, f'deral :tnd private agencies 
are all helping in this endeavor. Only the future 
will tell the outcome of the current dilemna, but 
given the Cherokees' past record they have a good 
chance to succeed in this challenge in such a way 
that will he beneficial to all Americans. 
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Development Control in Hill Lands
 
R. L. Keber 
Appalachian State University, Boone, North Carolina, USA 

With in a framework of climiitic ;and physiographic 
constraints, our use of land is determined bn cultural 
factors. Man adapts to the land. but in the procuss 
changes the shape of that landscape in accorlance 
with a system of values and technological capa bili-
ties. Imagine what land use patterns in the Uinited 
States would be had it been settled from the West 
by Orientals rather than from the East tv Occidentals. 
Laws and regulations governing what land should 
be used for specific purposes and tinder what condi-
tions it should be brought into use are; ,elements 
of culture that have impotriant meaning for those 
of us concerned with development of hill lands, 
This paper will look at the means by which various 
levels of government can enforce standards for de-
velopment which will riot stifle economic growth 
while protecting the unique environment of hill 
lands. 

In the United States, zoning ordinances and the 
accompanying zoning maps are the legal tools most 
commonly used to regulate land use. Zoning is a 
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locally adopted ordinance regulating the use of land 
and buildings, the density if population, ind lithe 
height, bulk and spacing of structures. It is usually 
intended to be the means whereby a cornprehensiVe 
land use plan is implemented. The zlning concept, 
however, has several major drawbacks. Foremost 
among these is the haphazard pattern of its adopt io 
and enforcement. Of some, 3l 0(] onils oi !ocal 
government (counlies. munitci)alities, and town
ships) in the United States less than 10000( hIave 
a zoning ordinance or stibdivision regtlllatioin' 
(Clawson, 19 72). In inot;inous aireas, I leelieve th, 
adoption rite is less than the nationil averige o 
one in four l:al governments. Ftior examtle, oif 211 
counties in western North Carolina, riot one enior;es 
a zoning ordinai thbroughliit he counlV and only 
the larger municipalities enforce any land is :toil
trols. In many politi:allyIconservative areas, zoning 
has been opposed because it is perceived Il infringe 
upon rights of properly ownership and ;loocatse of 
its big government overtones. 



In those areas where a zoning ordinance has beenadopted it has not always met with successful en-forcement. This limited success is clue to a varietyof reasons. First, a zoning ordinance places theburden of proof on the enforcing authority. Thatis, rather than the develo)per defending, say, a change
inzoning cistr ict boundaries, tle local government
niust prove tle chanmge either detrimental to the 
(oi)niun ity's
enviroinmental quality or inconsistentwith an adopted land developient plan. Second,e'nforcemenl of Ite ordinan:e is left entirely to units

of local governnll ofhen uiljiipped and unenthu-stastic abrout nforcing controls unpoptular Wih 
voters. ThirM, the zoning mip Often overzones landfor uses thought to be econmi:ally' (lesirable. e.g.industrial districts. This altitude implies that ;astirpraidinlan(: of porly sil aled sites will serve 
in lieu of a smaller number prolierly prepare, 
servi~ed, and situated.
A fourth reason for the failtire of many Zoningordiiances is that the zoning districts oft.,, have
little relation to the physical geography of the land-scape. Except in the few cases wher', free-standing 
inew\%to wn s ha ve ble; bu ilt , zo nin g reg u lat io n s ar esitperimposed on an (existing world. Because 
.grandfather"clauses formi a part of a state's enablinglegislatiion, the existence of' ialalld isteis takell
I)ejustification for its expansion. Commercial 

to 
land

u1ses breed adjacent conlnercial uses ivn if severeenvironliental danage nust lie toler;ated iii theprot uess. Finally. ZO lillg oriinanices have been incor-rectly used to achieve cerlain social ibjeclives. Stateani federal courts, howv er, hlave rejecled ordi-
nan(:ces that, by design,i;liSStyS ubrolarge~ ex(:o(e certain economic]lo,h: requI~iremntls o~r bh'sle'
imitne tiug agbielity l.h otit tin'r ),yilyselvh

The shorcolmings of zoning eforcement do ao 

)reclude Ihe tiesiraibilitv of development control
hill Ianids. Rathber. a liffermit al)roa ch is called for. 

in
 
I woolt suig,(est a syslem of performanc: standards 
eiaronplied toalnY'dvhelopmetvl which exceeds cerlainvnvironnerital impact per-thresholils. Generally,forlmnmi,;e standards 'slhIsli atse of criteria against
which Ilhe inlpat:t 
 of itproposed developmllnt isnenastirt. If tHit,il;t score falls within ia(olerabhl

range, thelevehl nent__regardhlss
wof its specific
land use!-max' I)roceed. Specified :uloff points mayIe set to group similar scores. Individual dwelling

units or other minimal ;ipac:t 
uses may be exenptor suljected to a different sel of standards. The usesof landr, Ihlion, becane separahtoI into ciategories notfrom an arbilrary list as in a zoning ordinance, bulby grouping uses having simihlar lerforniance stan-lards. 


Sele lion of the performaice standards 
 is of keyinporlanrce to effect such a prograi. The selection 
process, however, is beset with many problems. Thecriteria inist reflect awareness and concern for local 
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topography; they must be capable of assessing shortterm and potential long-term environmental damage;and finally they must be articulated in a reasonable 
manner. Unlike air or water pollution abatement
standards, land use regulations have no established
base universally seen as ideal. The performance goals
sought by enforcers of standards must be statedconcretely or risk being declared arbitrary by the 
courts. 

Accepting these caveats, a set of performance
criteria (Healy, 1976) may require assurances from
the developer that the proposed project:

1. Will not result in undue water or air Pollution. 

2. [las sufficient water for its reasonal)ly foreseeable needs and, if existing water supplies are tobe used, will not cause an unreasonable burden on 
the system.
 

3. Will not cause unreasonable soil erosion orreduction in the capacity of the land to hold water.This criterion is critical on forested slopes, especially
those exceeding 15%. 

4. Will not Cause unreasonable highway conges.t .W illnotc cond tioafe t o cones .a e n 

tion or will not reate onditions unsafe to pedestri
ans or motorists,

5. Will not place an unreasonable burden on theability of the local government to provide govern
mental services including education. 

6. Will not have all undue adverse effect on thescenic or natural beauty of the area, historic sites,or rare and unreplaceable natural areas. (Since manyhill land areas are centers of recreation this criterion 
may be vital.) 

7. Is in conformance with adopted local, regional
and state land development plans. 

The list of performance standards creates a frame
work within which the decision-making process can
 
take place. Sonic criteria areanalysis, e.g., amenable to statisticalwater and air pollution, while othersrequire a review procedure, in fact, an adversary
procedure, to decide whether to issue a permit

the project. This process Vill require 

for
 
the partici

pation of, an (cooperation bet ween, various levels
 
of government.
 

In 1974. legislation was proposed 
 to the NorthCarolina General Assembly to establish a MountainResources Commission (M.A.M.A. 1973). 'rhe 11nenlber Commission appointed by the governor wasto play a major role in administering a mountain 
area management system for western North Carolina.'The bill establishing the Commission was defeated,in par, because Ihle Commission was seen to betoo far removed from the problems of local govern
ment. On the other hand, Ihe relative success ofVermont's Environmental Control Act of 1970 (Act 
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250) can be attributed to the use of district commis-
sions to review development plans and a de-empha-
sis of the state role in this review process. 

In light of these experiences and the lackluster 
history of zoning enforcement at the local level. it 
appears that enforcement of a p.,:ii oinance 
standards huidi ie ieit entirely to either local 
or state government acting alone. A compromise 
structure incorporating district commissions work-
ing within a general framework provided by state 
government is appropriate. These general guidelines 
could use the recent British experience with structure 
plans as a model. 

Structure plans are statements of general policy, 
showing trends and the broad patterns of future 
development. They consist mainly of a written state-
ment with appropriate diagrams, but do not show 
proposals in detail. Action areas, i.e.. areas selected 
for comprehensive development in act:ordanc e with 
a detailed plan to be prepared subsequent to the 
structure plan, are shown (Clawson and Ilall. 19731. 
Detailed proposals aire prepared by the local authority 
in accordance with the general policies set by the 
structure plan. 

State government working in cooperation with 
regional councils of government (ould be responsi-
ble for preparing structure plans for mountainous 
areas. The structure plans shou1( contain a detailed 
list of performance c;riria to he met before a pernnil 
is granted for any major development. Local govern
ments working with the regional councils could then 
prepare detailed development plans for their politi
cal jurisdiction. It should be emphasized that these 
plans need not be colorful cartographic expressitns 
of desired land use patterns. They could be a refined 
set of policies with which the unit of local govern-
ment states will guide their land-planning decisions. 
Local plans or policies would implement the general 
policy guidelines of the structure plans. District 
commissions consisting of persons with expertise 
in some aspect of development, planning or ecology 
appointed by the local governments could be estab-
lished to review applications for cdevelopment within 

the region. The commissions should serve an area 
covering 30-35 units of local government and at 

least 100000 population. Appeals from the judg
ments of the district commission could be made 
to a state-appointed review hord then to the court 
system. In crse; bioughl before the district commis
sion, the local governments directly concerned with 
the proposed development may act in an adversary 
role with the devetoper. In this manner, local inter
ests are served while regional andi state concerns 
are also protected. 

The experiences of enforcing Vermont's Act 250 
have shown performance standards alone are not 
capable of regulatingiand use. Developments affect
ing less than ten acres inside a town having zoning 
an(I subdivision bylaws are exempt from the Act. 
More importantly, the Act might impose restrictions 
on design and layout and set standards for reducing 
soil erosion during (:onst'uction, but it did not tackle 
the problems of growth itself. Growth management 
tools were left largely to a capital gains tax on land 
sales and forms of property tax relief for allowing 
land to remain uhndeveloped. 

Although the review procedure otllined herein 
is not a pamcea for controlling development of hill 
lands, it does offer an alternative meansof regulation. 
Proposed industrial or any other landi use would 
be judged against a series of objective criteria rather 
than the subjective appraisal of many zoning deci
sions. Performance criteria oul serve as a feasilhe 
guide for decision-makers. 
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33. 
Social Adaptation to the Mountain
Environment of an Andean Village 
William P. Mitchell 
Monmouth College, West Long Branch, New Jersey, USA 

Over the past several years it has become iecreas-
ingly apparent that socia ladaptation to a complexevo-selting is of fun(a menhIa import ice to under-shailinig :enlral Andean society. The native civiliza-lionas of this area evolved in the context of thisenvironnieii. Ihe ;(!utmporlry Quecthuai- and Ay-uiir,i-speiiking ihnilihitns of Ihe highlands (:onlin-ue-lhitt with nitodifi:illioin--jiny of these ab-originil ti:olhgicill aIdaptations. Consequently, aknowled-e of contemnp)rajry iijilalions .:ain eluci-dtt, Ihiv process of sltei tenioatiiin in this area(iditichtll, 19761, 197i1)). More(,ver, sil:e Ithese an-cieolt civilizatitins were primary stales, i.e., theyev(olvd, ihilep)l,,ntlY of stltesother (Lainning,19ti7, Liumbreras. 1974; allerson, 1973). the knowl-edge gained will increise ocr u.derstanding ahoulthe. evolu, ion of civilizallion ;-;general.
'l'l centraia Andes is :haracterized by three broalgeo-envirolnmenl divisions: the dvsert colstal 

plain, the semi-arid highlands, mnid the montanfa ortropicai rain frest of the eaistern Ainlhan slopes,In adhdition, each of these rgions is diversified 
internally. ()f parlicuilar interest in the evolulion of 
Andteian societ 'y is Ile ecological setting of ithe highlInds. I lere ai large sampling of lhe world's maijiorecologicial zones is arringe(l vertically long the 

nountairi slopes Wilhin a short spia onemay travel
from a wi:rm sub-tropical valley to iacold alpine
tunldra. 


A ma jor focuis of recmt research has been thestudy of it unique and inportll f'ature of theAndeai adaptive pattern known is Ihe exploitalion
of'verlical archipelagos (Muirra, 19611. 1972). In this
adaptive strategy, 
 alboriginal civilizations main-tained political i:ntrol over discontinuous areas in
different eco-zones, sometimes separated by several
hundred miles, in order 
to exploil the Iro(lucts ofthese zones. ()ir knowledge of lhis pattem has beenextensivelye'docnumenled by Murra 's elhnohistoric
research. Although found in a diminished way in 
many local communities today, where for example,highland coiniunities possess l)arcels of Iand inthe tropical forest mon aiia, ih(most comphlex mani.i-fesla ions of this adaptive pattern disappeared afterthe Spanish conquest (Fonseca, 1972).

A se.i arahe,although not exclusive, adaptive strat-egy in the highlands has been Ihe exploitalion ofvertical eco-zones fonnd overa continuous area. This 

pattern persists in many contemporary communities
(Gade, 1975; Mitchell, 1976a, 1976b; Rhoades andThompson, 1975; Thomas, 1973; Arnold, 1975;Brush, 1976; Custred, 1973; Fonseca, 1972; Vallee,1971; Webster, 1971). In some cases the number ofeco-Zones exploited is very few, while in others itis quite extensive. However, the exent of the relationship between the verticid ecology and the organization of i(ontemporary local community has onlybegun to he intensively documented. This paperrepresents a,preliminary step in this direction byfocusing oin the role of ijtilude-determined environ

mental zone-; in the organizalion of Quinup, a comniltiy in the (:(:'itral highlnds. For rea-Peruvian 
sons of space., much of the argument is presentedin outline. More delailed reports are in preparation(Mitchell and Arnold: Mitchell). Nonetheless, as willbe explicated below, the data from Quinua indicatethat land use in(l productive organization are direct
ly related to the mountain ecology. Land use, inturn, affc(:ts such associal features land tenure,settlhmenl pattern, population density, barrio organ
ization, and socill stratification. 

LOCATION AND SETTING 

Quinua is a Peruvian district located to the northeast of the city of Ayacucho on the western slopesof the range of mountains forming the walleastern
of the Aycuicho Valley (Fig. 1). The elevation ofthe central town is slightly less than 3 396 m. Thetown is located at latitude 13'03 , and longitude 748 '.
 The topography of Quinua, as in much of the highlands, consists oif 
 gentle slopes interspersed with numerous deep and rugged ravines and gorges.
These provide drainage 
 during the rainy season.Cultivated terrain is generally found on the slopes,although Iand may be sown at the bottom of someof those larger ravines which (10 not flood during

the rainy season. 
Quinua consists of a central town, surrounded byrural hailets and dispersed settlements. The townis the administrative and ceremonial renter of thedistrict. In addition, the district is divided intogeo-politi ma nits or hamlets known as pagos. Thecenter of ahamlet is usuallya small nucleated village.In addition to its center, every hamlet is divided 
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MITCHELL 

into localities (sitios) that pertain to it for admin- increases in intensity until it leaches its maximum 
istrative purposes. H-amlets and localities are usually in January and February, then tapers off until it ends 
delineated by features of the terrain such as ravines around April. The dry season begins in May and 
and steep mountain slopes, lasts until September or October (Rivera, 1967, 1971; 

Quinua is an independent community (i.e., rela- Fig. 2). The onset and end of each of the seasons 
lively free of hacienda control) in which most people vary from year to year. The amount of rainfall at 
own th,'ir own lands. E.'x(:ept for a small ruling group the beginning of [he rainy season differs considerably 
of towinsmen, and recently educated young people, from one year to the next. It is not until December 
most of' the populalion of 53411 peopl e consists of that the rains consistently come in full force. Distinct 
Qu itia-speaking peasants (caimpesinos) (Mitchell, dry periods also occur in the middle or Ihe rainy 
1174). season. 

h'lepeople of Quinua are subsistence farmers. Temperature varies with !he seasons (Table 1). 
Only i few people, mostly governnenI workers, have The dry season, especially June and July, is the 
no farns or animal herds. Craft production is a colddest period, wilh frosts sometimes at night (Ri
plarl-tule slvcialization anld even most of the mer- vera, 1967, 1971). The tetnper;tutre increases gradu
chants rely (,i their own igricult ralnpro(duction for ally in August, so that the rainy season is Ie warnist 
subsistene. Altho gh every'one s(.lls surplts crops 
froml lime to time, oyi' lfw townsinen ptro(lu(ce 
c:shl irops inany regular way. Nonihlless, people Mean Annual Rainfall in City of AYACUCHO 
ordinarily do riol produciie Al the food thalt they 
i:otstte. As will be lis(:usse(d blow, agrictullural 14 

1-iluo(.toiis(Iirv .IIv related to ihle mlont in el:
ogy, in ,.hif:ll i,,l':vi:o-zone specializes ilpalrt icular 
fooldstufs. Althiough (Quintiviris try to,have fields 2 1962-1965 
locaitd illseveral o()-zottl's. they i 'i t iw'i'Adeht 
IloiHcihie.vte ,:olnl)hl(( selt'-slifficivll :y (V.onsvcii. 19t72). 4 

Cutst(tujlwr tly. .'.'lt \vithio tIh ilistti(:t ther( is *0 
livly xchrnge (f foodstuffs Ibtiei virioris (!:o
zornils. Mor'eover Qtintiternos lia'. frilditiointlly ih- -

tiijnil goods through trile with othtr aias of Peru.
s1101 ins€:oc:a iand chili pepplwrs front tile( ill()iil;llflil 

jungles to the east. and wool iful hides froll Illilncli- -0 

v'eliu:u, a high-altitude region to the west. 
'T'he llial'kret. ehl in the nlceitril iouwrr iam:h Stirdrlay. I 

is inimpi)orti l iiechanisn for intenling Ihhe ix
chilligii. htutwvl different 411o-Zatiis. Most exihanillis 
in tInimrket lre by t r-rtet-woner of(differint 40 

ecob gicil zones exchan ig Ilitir surplus crops. In 
addition, I man or woman occisiollly may journey 

to a diffvrent eu:(o-znne to tride. I'lie may. 2.personi 
for exaimple. bring platoes and wool fron te higher 
altiludes lo excihngv for corn grown in lowvr alli- ID 
tildeS. A few uteri, in tlie past, also engaged in I I 
long-listaicc trade by mlrle train with other areas 0 16 Ft 1y IJ £ut Sill Oci ka. Doc 

oif Pero. Since the( increiise inl tructk transportaltion 
during the last 30 years. such organized trale by 
inimle train has (isaplpeared. l(tday, indiliduals may Mean Number (f Days with 
lake their own prolu.ce, usually to Ayacucho or' Lima, Rainfall inCity of AYACUCHO 
by truck. Ilowever, such exchange is still very small. -296• 1962-1965 

CLIMATE AND ECOLOGY 
Agricult urre in Quinuia, as elsewhere in flte world, 

is (lependenit upon lernperature and moisture. In 
Quintia, these variables are (determined largely by M4I A ,O, 
seasons of the year and altitude. M"ii' 

Qliniua has two major seasons, rainy and dry.The Figure 2. Mean annual rainfall, Avacucho (data taken from 
rain begins gradually in Septemher or Octlober. Rivera, 1967). 
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SOCIAL ADAPTATION TO MOUNTAIN ENVIRONMENT
 

TABLE 1. Mean temperature in city of Ayacucho, 
1962-66 (data from Rivera, 1967) 

Avg Absolut, Absolute 
Month Tlemer,1turt, Mtxiitu Minimum 

D,gri,,'s C 
January 15.6 27.0 7.0 

February 15.2 25.4 7.0 
March 14.6 25.2 6.2 
April 14.11 26.3 3.4 
May 14.2 25.6 2.2 
11e1! 12.4 25.0 -(.2 
uguy 1".0 25.4 -0.5 

September 15.0 27.1 4.j 

October 16.1 27.8 4.6 
November 16.6 29.6 4.7 

December 16.0 28.0 5.9 

time of year. Although the data in Table 1 are for 
the city of Ayacucho, the situation is similar in 
Quinua, except that Quinua is at a higher altitude 
and is therefore colder. It should be noted, however, 
that diur.131 temperature variation is greater than 
seasonal variation in temperatures (Troll, 1968). In 
the Andes, frost occurs at night, while daytime 
temperatures can be quite high. '[his is true in Quinua 
and Avacucho. Consequently, the crucial figures in 
Table 1 are the absolute minimum (or night time) 
temperatures. 

Moisture and temperature also are affected by 
altitude. Tne higher the altitude, the colder the 
climaa. !:Ithe Ayacucho region temperature de-
creases 0.6' C for every 100 m of altitude (Rivera, 
1967, 1971). In addition, altitude affects cloud cover 
and moisture loss. Higher altitudes are cloudier, a 
frequent phenomenon in mountain environments 
such as Peru (Bowman, 1916: Hunt and Hunt, 1974; 
Peattie, 1936). The farther down the mountiin slope, 
the greater the total amount of sunshine. Bcth sun-
shine and high temperature cause greater water loss 

from soil and plants. The terrain becomes drier is 
one moves down the mountain slope (Arnold, 1975 
and Tosi, 1960). 

The effects of altitude on temperature, moisture, 
and sunshine, allow us to delineate six major vertical 
ecological zones in Quinua (Arnold, 1975: Mitchell, 
1976a, 1976b; and Tables 2 and 3). The zones are 
differentiated not only on the basis of vegetative 
characteristics, but also on differential human be-
havior, especially in agriculture and other extractiye 
activities. My discussion of these zones is based 
on Arnold's (1975) analysis of Tosi's (1960) classi-
fication for Peru. The English terms for these zones 
are derived from Holdridge (1947), which formed 
the basis of Tosi's work. 

The highest ecological zone is the alpine rain 
tundra/subalpine wet paramo (4100 + m). This 
zone, usually characterized as the high puna in Peru, 
is above the level of agriculture, and is very col, 
moist andt cloudy. Below it lies the montane prairie 
(4 000-4 100 m).This area is characterized by ichu 
grass (Stipa ichui) and other frost-reistant, small 
size vegetation. It is somewhat warnier than the 
higher zone. 'l'Tubers can be grown there eVen though 
the area is abhove the tree line. Still farther down 
the mountain slope is the moist forest (3,400-4000 
il), characterized by a (ense undirbrush of small 
trees and shrubs. It is warnir than higher zones, 
so that frost-resistant, quick-inaturing crops are 
grown in addition to tulher;. The lower imontane 

savanlllah (2850-3400 in) is inled iatelv below tihe 
moist forest. The central town is lo:iated ill tile 

savanlnah and most of Qlinua's polpuition lives 
here. It is Quiinua's nmajor culttiv'ition region, iind 
lost of its fields are irrigited. The savanllnah is 

divided internally on the basis of irrig:'io useitand 
altitude into two ecological regions: the utpper sa
vannah (3050t-3400 m) and :, 'r sa\vanitab (2850
3050 m) (Mitchell. l97tiha tl1977). Immedialy I Ilow 

the siilanoah lies the, Iowst li vitronrnileal Zone 
in Quinoi. th lower montane thorn stvpel (2500
2850 il). This zone is uch \vainer, sunnier, and1(1 
drier thai the highelr ec(::,,ogical zous. It is (:ivere(d 
with cactus and in sone areas the vegetative cover 
may he called i cactus forest. The horn steppe is 
unirrigated. It istoo dry to he ilnainliin(d with the 
very limited irrigation water descitoting from Ihe 
savannah. Only plants with low water needs are 
grown there. Illthe valley b(lto10. however, wiater 
is obtained from the Rio Chiac(o. (onseq utnIlly, this 
area is irrigated and land tse(differs here fromni the 
upper portion of the thorn ste)ppe. It is for this reason 
that I treat the valley bottom as a separate! envirtl
mental zone. 

LAND USE 
Land use in Quinua is,of course, directly relited 

to the environeital zones. These zones tetermine 

broadly whether or not th( land is dtevote(I to herding 
or to cult iva tion. Ina finer perspective, mo3ntain11 
ecology defines stic;h aspects of agricuttutire itstypes 
of crops grown, crop cycles, fallow period, lirodtluc
tivity and carrying (:apacity. 

Herding is a specialization of the two 1ighest 
zones- the ipine rain tundra /sul-alpine wet pa rano 
and the inlonlane prairie. These zones are above the 
tree: line and are (hara:terii0d by hunch grass and 
other low, frost-resistant vegetation. Excepl for tubetr 
cultivation illthe lower altitudes in the montane 
prairie, the growing season is too short for crop 
cultivation. The people herd pack anitmals ani tihe 
Andean caneloids, the Ilarna and alpaca, whichi are 
sources of wool an(d hides. In addition, theleople 
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MITCHELL 
TABLE 2. Social characteristics of Quinua ecological zones 

Ecological Zone 

Alpine
Rain luodra and suballine 

wet paraoil 

Montane 

Prairie 

Motne 


Moist forest 


Minhani, 

Siaanah 

Montane 

Thorn sleppli 

Valley bottom 

Ecological Zone 

Alpin,
Rain tundra1 ant subalpine 

wet piirio 

Prairie 

Moist forest 

Elevatito 
From To 

4 1001 

4 000-4 100 in 

' 400-4 000 im 

2 1150-:3400 m 

2 500-21150 in 

ca, 2 500 in 

Fallow Period 

5-t6 years 


Long 


MNine 1 2
1/ 2 year ,r more 

Savannah 

Thorn ste; 1 1/2 year 

Valley toltom None 

CGeneral Ch;:racteristics 

I unch grass 

lunch grass 

Frost resistant smill size 


vegetation 

Dense underlbrush of small 
trees and shrubs 

Nearly all cultivated 

Xerophytic vegetalion 

Xerophytic vegetation 

Populaion Density 

Low 

Low 

Low 

Iligh majorpopulation zone 

lAow 

Low 

of this zone not only herd their own animals, bol 
also ,:are for the ani mals (e.g., sheep, horses, cattle)
of people who live in the upper savannah. Through
this intracoiununal symbiosis. the residtents of the 
upper savannah are alle to maintain more animnals 

Lancl Use Crop Cycle 

Grazing 

Grazing and tuber Rainy season cycle 
cultivation 

Some herding source of 
fuel and other wild 

products Rainy season cycle 
Cultivation of tubers 

and frost resistalt, 
quick maturing crops 

Major cultivation zone Rainy season cycle 
Irrigated fields 

Terracing Dry season cycle 

Some herding 
Ncin-irrigaled Rainy season cycle 

cultivation of plants 

with low water needs 

Plentiful water from 
Rio Chacco Rainy season cycle 

Irrigated double 
cropping Dry season cycle

Truck farming for City 
of Ayacticho 

Settlement Pattern Land Tenure 

Dispersed Communal 

Dispersed Communal 

Dispersed Communal/Private 

Large nucleated townof Quintia Private 

Sn,,1l ntlhatht Ilacienda 

Small nucleated Hacienda 

than they would he able to otherwise without devot
ing aral)e land to forage. When the agricultural cycle
begins in August, the people of the tipper savannah 
contract with a herder to send their animals to graze
in the higher ecological zones. When the harvest 
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SOCIAL ADA PTA TI)N TO MOIINTAIN ENVIRONMENT 

TABLE 3. Climatic characteristics of Quinua dry season crops. .-istph, usually )lant i dry season 
ecological zones (from Arnold, 1976) crop not to douhle crop hut It) ltain an early harvest 

when food is scarce. 13ecaus( of this scarcity, food 
Fkiaiee- ,MeN 

trll-pilllltjoll Atlltt Alutollid 

zo.in. 

Alpii,, rai
I i(nh.1 
siitipoilwi, p.i\c utell 


M ilemiitl,' anii,,t ,i'.t
d 


forest 

Li'f mlii ' A ihm~l '.emnnI, l 

Lioc 
Loiw'rl'
i t itel ti2.lh 


PieOIt 'miv P'reiip. 

" mm1 

", hn ,'S l-t,06 500 000) 550)-


10 6-12
5 t- 0 500-i I t1)11l-2 tili 12-24 51tI-iI )1)1) 
Ie00 00 122iH001*0 

2 4lefill 

iegtils Iii\Ili%. flte iiiiniils nif( reti o d to the uippller
i liv itl ths-;,ir' lh \hiri, lghtlai l s Ind fertiliz, 

the fields. They ,ir iisl in tir nhi o leriii. 
Ir,ins irting priiil'u rim)l fie.ld l h lmm-,,id l ii i 
tlhe filils. Tl'he 1irtilizir timl , l i - vryini sn, 

illp titnll priiiut is well (W illtrlhaldler (it. ,l., 

1974). 

If,adlitiOnr to ti higtl ,titih IleS. hiroling 


is Also siiiiiiitil in idriet. uiiZ11-hi, llilinlti, 

thorn steppe. Bet,;,i o l , tili, ilivne,. inn-
viMiti:hell. 

lilled with a]very r,:k v trri l.luch ow this ziil 

isinltiv,ittd. (7nSiqtientl%. people wh( It.,ein 

the lower s ,ilunh i itequiill h'irtl thel i llilllals 

in the ticilivtii i on of this zon. A hililiin 

faftor oilhiling hiri. huiwe'r, is the li(: f witvi 

d(iring thl dry s+'iolloAt scfh ltillies ' illUst 

piastr' th.ii initnu+ls 1itII t ,hiltew pirin,ililt 

soillc's ot waIter', 


Cullivation is i tiillin all Ziules blut teill
highest. 

the; iilpn rli i utr1if 1titirt i ii wetpt i where 

the ,\rowing s,,iason is titti) short. lhiwivv. tihl type 

of ;cr ppi-ii jtiti'.l, dependl s vlerv Intluh oll Iw 

i(-zi)ii!. [it(;,tis, ifthl! lffl.its (f ,ltitil i (in em-

pe'itiure. sutnshine andI nioist i., fhi ieiiple- in) ili-
ferent zil s sltw(illizi, illdifferelt .rol . tii(;(IiSi+ 
qtue((, thet 1)% ifjtp r(t tila l'ngth if the, tii 
fallow period aris zoll! ti FIinillv, thelrol zone. 
presence iind ftnction o)f irrig ;iiel firming.i- , tv) , l 

;r )rii ;i )IS() 
zone rela t,. 

Qtlininai his two l s,.: 

of crop cyr;le sown, aiid u li.il i ll -ire 

igriciltuii] a div st!asoi 
cycle (the niichkj ) in aI riil 'sealsol c,('yrdfli (hidll 
tarptiv). Different fields aire e ilr (e,itch iil) (;yce.list!] 
The dry season cycle is ltoestriitto a, iutill pr'ipor-
tion of the fields in tle!savaiih itl( to the villv 
hottom.l I) the;savaliilh, div'sxiuincops are ilnteul 
early. usuallyat th(, (ginuiing if \Agstiiand depnl(I 
on irrigation. Sometimtes this ialy-iN Planting is ustl( 
for doithle-cropping. Two quick-inaturing crops are 
planted in h'leh crop, plantedsuccession. secoidl 
aroundl November or Dcei.,(inhei-r, us(s naltral rainfall. 
Generally, however, lhe, lanl lie's fallow between 

prics a're( often v;ry high ltthis tint.! in the! city
 
of Ayacu:ho, so dry siIsol1 :r(p used
tllt is often 

ats atcash croI) ts wovli. Au Ihlditittil lunc:li(ol) of
 
the dry st'asti t:rop is hwl itpreiils two (pportuLini

lies for ,grictlttril dtiring tll, Y iea'.st:cess It also
 
h -elps L he' \orl o lihp of
stag lom sill:, ,lilt,riods 

wotrk ditfer for the li-rv ,ison ind itiniv seis)ln croip
 
(:, t7ih),I llii;,ise lier is .Iolilid(:yles (Ntitc:hill. 

(i tva ter s,ii p ll]v I t irrig tim fill , dry Siasoll
 

crop thrioighotl illt- ditrot. drv sviasi planlting
mi-iiIhrit lh illh tlit.uper sr ili.vear theiSgilieiingd 
 'illl ' i iollillSYStil. I, th e vil ly11i'illilil, when lhl ri 7li )l i "tI-i fli il fl h ,i t dryh~ 

jiiitill, 11 h itilil,5h Itiill is 1).it t I1r,illm i crop
ping is Ili rllier thin th, i:i,[tiiiii. Ihere Iht 

lii iii is(Irvm i,i..i t 4. always used fur dotlit, ;lsl-
ping. 

lii 1)l111 lii liortllilt. ,iiil Ii i wi ,is ,idl, ,igrm
:tiltli'l :vy:l, tl s', liipd',ilillg. It prli.'; railny 


diii - f i;sito4 the disIri:t's f)ild-sil iid is tmstnll
iffs 
in illthe ecolhil zoneis that iwe cultivlled. Tll 

,tinti of LIllng, however. dilfet''s ,i::riling tol ;
ho.ital zl, T197(il). 

lite , iont ti f iii.stl lforst. tlI' ipriirii, -i11 

highest zones with agici:iltil, hil' rivily s.
 
crops iirv fplii i iliNiiventlh r io l)l ,e;ioir with
 
tihl,onset illth, rails. Ill the,se Zones d linulitei
 
relidireotf f'1-r,-istint il ilte[-iitilir irliis
 
is giln witlut irigation tlilt.:ll. t~iTfiif.
 

In thev lower Iiii iin dt th sequeiru(e loll
 
pllitin Illh, i, ii 1lis (u4lp itls, tllinlll
ilV .iv lilt
tile. lie hif t pll, utti l if't slt I u;uicpsr pli l Vi I , l 

iliutliI l.,i 

ltlkiilit skits in fill highlstl titiilis ( flit- ,ivait
arw ust,illv o1 r1- iitIl (Ats riil lillith". 

he 
ilih in ,e'ttenier t fIlit , (diiiI ,i oiuit 
i,-sc -i:.l]s. filld I)v field, liii il thw fiial fiilil, iii 

plilid with thl or ,t ill!li riiis in l)iil ii . 
This (Ilf!er is ihltiiint 1l iinlllll,lv the, phyvsical 
ililltsof tric.lt Zuiiii,. illflit,il in this l",riiling 

upper portions Ilihe si\'lllllh is Iilhtiusilul' 
iyirriilli( i . Irriil!ll <lirllii ,nIllg is aI widip-riIll 

ii eil i l, l:\in lthi fiihe ll
l ii hil1,ri ll tltivtii 

(icrops-espei,illy m;iize-it higher Allit hus tOwn
 
would le! possihle\with raiihall lil Wifithill.
 
97ia. 1977; Murril, 1!9t60). h'l(! oIitiiphysical 
IT sIInsuch igri(.tllur Irost, ui1illa-(if (varialejvs oif 
lion line, of (:ril)-. dltatin i)irainy +stii i iiit 
amlutll of irrig;ilio l wilter) diallandl Ol high r 

itudes he cultivated first (Mitchell, 197ii, I 177). 
Ii the lower ionlane thrlii sI!ll), thew linle for 

planting the rainy season cvle is in l)eceiller with 
the onst (ifthe, rains. Il 'fh! ville llioon porl ion 
of the thorn sl,pe, however, Ihe raily s (i;ops 
are pinled whlnever the dry season c;rops ar'' 
harvested, This is thl! only area of Quinuia in which 
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Ihere is sufficient irrigation water to permit plantingwilholt strict considerations of timing,
The ecological zones not only determine Ilih cropc:yh and lhe tine of planting, but also theof crops grown. Each allitude types

zone specializes in 
parlictular crops. Moreover, the length of fallowperiol and prod oclivity are also zone related. As 
ifgeral rl, the higher the alliltude the fewer thevarietly of cropis grown, tIe longer it fallow period,and Ihe less Ihe productivity of lhe land. The lower 

prodt olifityof' higher aItitudesthe ratio of evilpotranlspiralion is also a resull ofto rainfall (Tosi antiloertarll, I964). 
In climatic situalios in which ismore moisturealdded through precipitalion Ihanll is lost throughv'v'Ipotralspiralion, soluble nutrienls are lostIhl soil hy hr chirrg. This is the case 

from 
in) Qilltuaif) Ihrhigher altitdvrs where Ilw evapolranspiratioj 

poOil'nll is low (l'si, 19(0): 'l'ahIl: 3).altitldh,;, how(ever. In the lowertheialloln of evapotrallspirali[n
is itelr Ihahe iliulunt of precilitation, so tlhal
th, solubull soil nrtlrients iarev not lost as rea(lilv fromth soil ('l'Tsi, 196(9; Tosi anid \,oertilmau, 1964). InQuinuii, ie only areis wilh a favorable v apotrans.
pirliIll tleollial ilr ir SilVillll h, thorn stleppe.10(1 vallev hloton (Table :1).
"li'f
highest zoiv ill which crops allgrown isthe- m li , pririe. lotahos (,oloimun spp.) growat the. hlighestl iludest afd othe.r Anderl, tl
ubers,rrraswa ('I'rop.,ionr Illherosril) ), mca (O.\alis tIl-hr'osat), 'rId o(llik (l'ius Iberosas), at some-
whal lower altiludes. l'l fallow peliod in the zone,
vs1lv, illy i 
 Irotito cullivation. i:i five to six y'ears,lhe t.o:toirs rolspolisile for this long tallow are thelirried :u op ewpri:oire with whi :h to prilctine cro)ror'alion arid 
the low vvil)idtrirrspiriltion ibotellial.IS wVll as tI type of soil ilril
Ihv rrqluirellents

ot li larlicular c:rops grtor.

A greeIr varily of crops is 
 grown in Ihle moisttirilst.
In lddiliou to the And(lill tobhwres. this zone
is , so d1-vol,-l to other short-growlhl, frost re:sistinl
cro)s su:h is whetl (Triticn ili'rni and ' s,'ti-iolli), hilhi or briad beans ( iwia Mil).i)wlrs (Pisitn l)satiulizll) aild a high-allitildl v,riet\y (f quiroa((,hI'p'loliutr,qfin ). 
NIMhif his zirire is Ii cultivated il Ibhfillowpl'riod is svelvril, v'eIrs. Monoire', clouds hliveririiilIl this zone ft' urger periods Ihaill in otherZiliS. (irirsiquently. 1rirh oif the zonev ciisisls orfwild ti'rs. shruhbs, nd otlher vegliltioll. These Itresand shlrus il Is1i itssorc(;e:s if firiwioud andhmsket-nnikirig ialteial.;s. The wild vegtalil is also arr
inrl porhl soIrceIrf ciiliiar'y andlmirli:iiial herbs,'he lris:icr 

Ills 
il"a zone in which ftrl is I'rldlti(d

rIlce the reliance on aiinial dung for fire,
il Ieruils Ihe dlung to 
 beIused for' fertilizer, airimlortant Anidean resource (Winterhaldr et il.,1974). Il addition, the presence of a imnoi forest 
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on the steep slopes above th, savannah limits soilerosion and landslides. As the moist forest is hlcateddirectly ibove the major population and cultivation zone of Quinua, this is an important, althoughculturally unrecognized, function of this zone. 

The montane savannah is Quin ua'sproduction zone, and the 
ma jor crop

zone with the largest
percentage of land under cultivation. Irrigationfarming (Mitchell, 1 97fia, 1977) and the cultivationof such staples as maize (Zealmays), beans (Phaseolus 
vulgaris), and most squash (Cuvurbitla spp.)stricted to this area is reand the valhey hottom. Othercrops, such as some varieties of potatoes, wheat,barley (llordettn spp.), oals (Avtena sativa), low-altilude quinoa, and peas are also grown herre. The greatvariety of crops planted in the savannah enablesQuinuanos to lllilize complex systems of crop rotalion aid crop interplanting to maintain soil fertility

in this zone. Blecause of such rolation, asbeciause of well asIthhigher evapotranspiration polential,Ihere is no real fallow period in Ihe savannah. Allfields are cropped annually in this zone. hn fields
devo(td to the rainY sason pli thi, oenfallow maylast only four tio six months.In irhle-cropped fields 
there i': no fallow atall.

The montane thorn steppe, which is farther downthe mounlain shlpe;, is not1as iintensively cultivated as the! mootilane savannah. This zone is drier thanth ltipper regions of Quinua. It receives less rainfall,and the evapotranspiration potential is also higher(Table 3). Except for the valley toltorn, this zoneis not irrigated. It is too (fry to be mainlained withwater from the present irrigation systei, so thatonly plants wilh low witerr needs, surch is wheal,dewinka (a type of squash, Cocurhih sp.), peas, andchick peas (Cicer arielinrum) are grown. The fallowperiod is ibout six months. There are iany areasin this zone that are too rocky to he cultivated.
Irrigation ter is plentifui in the valley bottom.This imakes it possible to plant hoth the rainy season
and dry season crop cycles. BIecatis of the abulndanc!
of water and the warn :linate. farming ill the valley
bottom is continuous throirghoul the year. with 
crop planled after another. 

one
 
This region specializesin the produr:trion of green ve-getahles for sale in

Ihe cily (If Ayacrchr.
 
An important irspecl of agri:ulturrl adaptation
the motlllain ecology toof Quiriua relates to cropspecialization. Not only art the species of cropsgrown diff renl depending uipon altittrde, but Ihevarieties (f tihe same species are oflen ldifferent aswell. For examphe, Ihree varielies of the Andeangrain known as tiiinoa (Cheuropdiun quinoa) airegrown. Each of them is specialized for differentaltittude zones. Quinoa ini0r'0010 is a Iow-attiltide

variely grov.n throtghout lhe savannah. RuyaqIluinoia is a variety grown in the upper allitudes
of lthe savannah and lthel moist foresi. Finally, qtiinoa 
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morada is sown only in the moist forest. Such variety 
specialization is true for maize, wheat, potatoes, oats, 
oca, olluku, maswa, harley, peas, hahas, squash, 
cabbage (Brassicaolracea),heais-in fact, most of 
the cultigens found in the district. 

SETTLEMENT AND POPULATION 
Productivity andt carrying capacity are rel,ited to 

the land use found in each eco-zone. Consequently, 
settlement patterns did populatien density also re-
fle(: adaptation to the nioilntdin eco-systen. 

In the moist forest and above, population is sparse 
iand settlements are small. This low population 
de'nsit\ is a function oi the exploitat iv'e patterns 
throughout this re-ion: herding :onbiied with long 
fallow farming (f at restricted range of crops. There 
is little possibility for intensificltioln hi "e. nlid the 
production of cil(orits is lriiild. 

The nontane Sn\iannah, which is the miaior cul
tiation zone. is the reg'iol of dest'st popllinill. 
Most of the nu(:itil d sitthlints ire lnaild here. 
The irrigtion system, its,,lf in tliptition to Ili 
moiuntain ecolol'y. provides suftfiient vtier !or (li-
mestic lise thioughoit this zont, (Mitl.ell, 197tit. 
N)77i. In iidditihn, people lwith thi'ni,-'l\'os Ileir 
their pirmiry (.grii;t url fields. 

Large settlltints are li:,ti onlyi il thelaa 
ani only ill those rits which permit ilulipe i::ess 
to two or more, e:ologic.al Zones. 'Ihis settlemnilts 
are located itl the border of the nliolt,{ie saviallnnh 
with another ecolOgic,il zone. The ceritral town Of 
Quirlua and the hamle1t centeis of Nio.v, intl 
Wiripaqcha are laciited in the upper lmiotriln silvn-
nah near the border Of the moist torest. This permits 
Ceady exploitation of these two zo.:es. In addition. 
the centrial town Of Quiniuli is it the physical center 
of the district, hen:e it is strategicah.lly located is 
an interconnecting point between all zones Ind 
permits people who live near the town to exploit 
a range of environments. At the mirket ield in 
Quinua each Sunday, goods from th, vairious envi-
ronmental zones are exChinriged, 

Nucleated settlements tviz Ililrimiwillka. Murn-
kancha. Chiwamnpampa ) are alsi located in the lower 
savannah where it borders the montine thorn stfpp)e. 
People in these settlements live near their 1mjor 
fields, as well as near adequlate supplies i domestic 
water, and utilize the thorn steppe for ult;lliviiiil 
of subsidiary crops and toiherd their anrimals. For 
this reason, people from the lower saim.iirnah tI not 
contract to have their animrals paslimd ill the high-
ltitude eclo.ic;al zoes, 

Except for the valley bottori niche, few people 
live in the montane thorn steppe. Blwu;aose if the 
greater evapotranspiration and reduced rainfall there 
is insufficient water for habitation diring the dry 
season. ,hefew sparsely populated settlements are 
located near the few permanent supplies of water. 

The archeological site of -luari, located in this zone, 
has no permanent habitation at the present time. 
In the past, Huari probably would have required 
an aqueduct to provide domestic water or the city 
(Mitchell, 1976a, 1977). The n)a(htne thorn steppe 
is primarily cultivated at the present lime by people 
who live in adjoining zones. 

Although the valley ltottoiii is technically located 
in the thorn steppe, the alnintdint and reliahle supply 
of river water permits habitition and, by vasllS of 
irrigation. extensive cultivation. This zone is more 
densely populateI :hn the rest of the thorn steppe 
ild contains, a, part of the district, two small 

nucleated hamrlets (Chacco and Mu',yurina). Ill addi
tion to cultivating the valley bottom, the people from 
this zone also exploit the upper portions of the thorn 
steppe. 

LAND TENURE 
Land teinure also is relatel to the exigencies of 

adaptiltioll to h'11e nmuntain ei;co-SN'Stelll. ''here are 
thite systeis ot land tenure in Quinia: communal, 
private,. and hciendii. Eich of these is found ill 
diffeenlt (co-zolles. We will exclul(h, haciendis froln 
consideiration hecilUse they wele im11posid throligh 
force b he nWiltional pfiliti;cil systhin. For private 
'Inil (oltll uni hilltel , the list imitrlit deternlin
ing fiitor is lhe ligth of tillow. ,In observation 
which has io iiso ll nuode ind(ependently for New 
(uinea (irowin and l1odolhfsky. 197i). Short filIlow 
:ilivitio entails iljttr tiapitill inv'stllments such 
is irrigition systljus. len;es to keeI oill ,iininills, 
terriials, inl Ih# plaiting of" important piernllijill 
plants stch is fruit trees. cilctus iid lnlil ieY. Short 
fallow fields are ,ilso more proliitive. Consequentl;, 
itlese fields are jirivalily Owned. Long fallow fields, 
oin the other hinl. do not entail tmily calpital 
exjuenditilres mllid havle lirge areils of'{ftln;ulltivieltd
terrainwhich are used bytlhi commtlnity forgrizing 
land, wild herbs. iil fiil. li ;onseqen;e, eco-zolls 
in which long faloti ;ult ivation is pr'acticeid alre 
comnunally owned. 

In the Imoist forest zone anI highr. land tlirie 
is cOmlnintillll. The 1inid behligS to the fornlilly
rectognized ruiral t;tnilinity (:olnniidal c:anlpe-

Simi.i and tehriii;ally is distriltld Ity thie President 
of the comiunity. In ;ictiil prict'it:e. however, this 
lanIl is inherite(i by chilren. IHuwever, if linl is 
left idle, ntwnership reverls to the tomnilinity vhhich 
caln lthei re(distrilinte it. tiiiiseid larnd is distriiute 
by the communily to lbtrse( who have Inissei ill 
their (cornun1il .ivil and religiuiils iligatli(ins (car
,gos).Aperson icailot sell his Ise ri.hts in co:linllinal 
land. 

The real lleaning of (;ollllllllllill tenuire in the higher 
altitude zones is not that everyone can illivale here, 
but that the entire cm)munity has Ihe right ho ililize 
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ie wih njrIr (:Isprodc ed by the long fallowperi(d. People from the montane savannah can thusexploit the herrain fur fuel, herbs, ani other materiaIs,ve!nithough Ihey do not have any cultivation rights.Ihe pe'sun with culivation 
this 

rights cannot prohibil 
use oif the l(. 


In ihe niontane savannah 
 .fnl nonltane thornsteppe, iheriis af short fallow and thus fewer wild 
products. Colsequently, most fields in these z.onesare iunIlelr constant cultivation, alI teurllu'e is private, 
although it);;Iew areas flaciedlas 
own ile (,
'l'he fiw important wild llants, suchias cactus. belongto the person onl whose field they are located. Onlytbe owner' of the field has the right to use theseplants. Nonellhess. sone nolion of cminninal land use is found in the,, zones. The owner of a field
has the first riHtM to graze ,ininals on his field aftertl' harvst. Ito ver, once hw has done so. grazing
rig:hts .cumiicoii unal. 


Lanl teur, 
 is related to ecological zoons inamither way. 'Th uptliral ,rategy for an faorily
i ito hiv fibl in more than onv ecogi ,il zone.
Ithis wayiV. it it:Ilit'.eS rrlc\inull diiirsity in the crops it Iroduces. Such a stl also minimizes

i ' 'ects of crop f.ilure which sl(dom affects allZMIiIS Ilrl I)ltalolsly. In dhditionr. th stratu'y ofdillernl f hlls in dift'r'erlt 'cu-zols allows a person
to sow his fields in succession, thus stagring theWorkloadl. evw people, howvver, are ictualY able
I t.;h.iris optimnal teleure strathgy. 

SOCIAL ORGANIZATION 


()lher' 
dimensions of social organization rePlatd 

to th, vertical ecology are- Ihe 
systeri ol social s-'lifhict ion nn harrio organlizlion. A comili(ll'


l nifliermenon throurghoutr Peru is the belief thatIldilis ire fourndl only in high iltitu es. IlQouirua,

tue poili'. (f till!savaniaia anil lower 
elevat'ionlst4il lo regird ev'ryoiw frolli Ille high itilutdes itsd Chftth or Indian. v.'hi:h is a mairk of iisre-sI)i';l

(,t.Nlitlhi 197-4. 
 N1emilihlss 
rnist pcoph, speakQuiI,{: tr ir'.racially sirril.r, regardless of alli-
iiih.e.
( .orisirent lv. t he idliff'ri lperceptions ial(r'le.ast partially linked to diffvrritial 

ill 
lr'o(ln:tivity.


Indliuns 
 irel 1h(SO who)exploil terri, ins (of low po-

dctlitily. This liiw 
 status of p ina ahlilahiitts llaygii ba:k to ri-Colurnhian wll 
de la \"ega, 19(6). 

limes ,s ((;arcils() 

T'l hun ilivision of Quiulu rs another ispect
(ofsiici.l (r'gillizatiiin refiled to Ihe vertical ecology,
sun;i sole ispils ol the fiesth systumillanIpolilical
orglizalion ire (irgainizell irournl biarrio lilies, thesesoc(iil featureos ar! al 
least in(lireclh, related to the
rirluiitiill eciiloigy iS well. 


Quuirlla is irganizeid into two blai'rios: Lurin Sayo:

liol llanlln Sayoi:. 
 This division is v'ery important
illIe p(Jilical. religious and e(:()logiical o'ganizatioun r(ifIhe corlnunily. Each harr'io has its own iri'igalion 
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system. Theyalso alternate in givingannual religiousfiestas. In the recent past each barrio also had aseparate rural political organization (varnyoc). ,'hesebarrios are not moieties, a term which should herestricled to (leaI kinship divisions (Murdock, 1949).Membership and participalion in the barrio is determined by residence; it is not based on rules ofdescenl. Moreover, the barrios are not upper and 
lower altitudinal divisions as is frqueMntly assumedto be the case in otiher parts off the Andes. Barrio 
divisions are 
very an(cient 
in Peru, going back toInca and probably pre-In,;a times (lBaudin, 1961;Castro Iozo, 194: Crilaso (he 
 I V&ba. 196i: Kirchoff, 1949: M':ans, 1931; Monlesinos, 1920; Rowe.1946). They are found widely in the highlands today,although the division is sometimes into three orfour rather than two units (Adams, 1959; Arguedas,
19164; Isbell, 1972: Mishkin, 1946; Snyder, 190;
Stei , 196"l; Tschopik, 19146 and 1q51).

Quinl's Ibarrio divisions are asid on the hydrology of the mi()intahi slope on which the community
is located (Mitchell. "197t6a, 1977). The central areaof Quinuii lies (il a mountain slope with two majordrainage systems (Fig. 3). ore (draining into HIlamangulra ravine. and the lother into Ilatul Way\qu(big ravine). The dual division of Quinua into LurinSayoc harrio ainl Ilanal, Say(: barrio reflects thishydrological situation. a id the ecological and cultinral boundari's coincide. The hydrological hasisfor the! barrio division is not verbally recognized 
by cmmullity adll fllaiyl r it he for this reai-sol 
that ithas 
not been relported elsewhere in Peru,
although tile literature suggests that lhe pattern

occurs elsewivr' (Mitchell. 197ia. 1977).


The major" producl;ve variable 
 in the hvdrological 
basis for hiarii lrganizat on is irrigation technology.lhe irrigation sysms oiiQuir a exploit the drainage
piiter'nsol tiltmountain sliope. Consequently, there are two selrll'ate irrigation systi 111s. one for the barrio

oif Lurin Saynci and anoither for thlan Sayoc. 
bince 
irrigation is itself an alaptalion to the vertical ecology, in that it raises the upper limit of maizecult ivat ion (Mitchell, 1976a. Murra, 1960), barrio
organization is indirectly related to the lountain
 
ecolo)y as well.
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Socio-Ecological Evolution in the Hill Country of
 
Southwestern West Virginia 
Robert L. Smith 
West Virginia University, Morgantown, West Virginia, USA 

Hill lkinds throuIhii ut the world possess :erttina 
chara cteristics: (1) they are poor in economic ternis: 
(2) they are often overpopulated in relation to thw 
resource capability of the land: (3) their lands lir 
mnrginal and can se:.lom suistijn the degree of 
cropping, timehr harvest, and grazing that is (:us-
tornary on flatter lands: (4) their population is often 
isolated from the main stream (iflif( in the country; 
(5) when their environment starts to (dlter(:orit or'. 
steep slopes it deterioraites more quickly thin oi 
more gentle slopes and pliains: (Bi) once dfeteriorration 
sets in the damage is more likely to he irrve1rsi~le, 
resulting also in irreversible economic conditions: 
(7)degenerating fecological and economic ionditions 
push waves of immigrants out of the region into 
lowlands and urban areas:iind (8) ecological changes 
that take place in hill lands force changes in the 
lowlands. 

A typical example otf hill country is that part of 
Appalachia embraced by southwestern West Virgin-
ia, eastern Kentucky and western Tennessee, I will 
placeemphasis on southwestern West Virginia. 'rhere 
interactions between man and the environment have 
resulted in a steady ihetirioration of hill land ecosys-
temns, and in lurn the hill environment has molded 
the ecology of human populations. 

The Appalachian hill country is a peneplain 
strongly dissected by a dendritic drainage pattern, 
The elevation ranges from 180 m in the extremely 

narrow vallys to 820 ni alng tie narrow ridgetups. 
The hills, with slopes of up to 85%, rise ahruptly 
from the narrow stream boltrs and Ihe ridges drop 
off sharply. Ecologically, Appalachii is a forested 
relgion containing tino of the gretilst diversities of 
)lant species in North Aniricit. This diversity re

flects a wide variety of mii:rohalitias anld site condi
tions created hy slopw, aspect il driinaige paltttrns. 

The ecologic,l c:nditiiuns, human itif ithwrwise, 
that exist in this region today w vrl determin d by 
the ecilogical conditions of the Paleizoii:. For 10() 
million yeirs(if the Phiilvo.uic ra helarillha i:iiie 
Appalachia w isswamof.intl rting dnse luxitstupll I 
rious forests of high treev ferns, seed ferns mtid 
Cordaniles. Thes( swamp forests wer fiuriild tnder 
i:cumnulaling sedinment wshing in on I subsiding 
land. The imasse-s of sedimetit;iry rock Ihalmvnt illly
formed were pressed into fiids mil thrust upwarl 
through the Peozoi: forinilions into greait ittoiti
tain chains. Erosiin wore the peaks down intlo 
rounded hills and relucd IIlh cover over t al heds. 
exposing Igthen in ploces. 

This Appalachian hill ':tuityntrv has a long history 
of human occupancy iround its periplher. h'le 
earliest known inhabitants were the l'aleo-:nditans 
who entered the Kanawha and Ohio River ',:;ieys 
at least 1,C0 years ago and were followed by a 
series of other Indian cultures (McMichacls, llif). 
The Indians hunlted, fished, gathered wild fruits, 
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seeds and plants, and practiced a simple form of crop squash, beans, potatoes, turnips, flax, tobacco,agriculture. The hills, however, wore penetrated only and later sorghum.by Indian war paths, used in the last years of Indian A common rotation on larger farmsoccupancy during the early 1700's by was corn forwar parties ona or two years, then grain for another year, folof ithe Iroquois Confederacy whose untended camp lowed byfires caused periodic fires that swept 

a year or two in hay. Next, this land wasIhe region, pastured by a few cowsThe enl and horses until the grass(if Indiaii domlinarce of' the region in the
late 17(00's opened 

was gone and broomsedge and weeds claimed theu) Ihe Appalachians for safe ground .rtrivel amd selltlenient. As early as 
erosion carried off the top soil. Steepnessthi mid 1700's 

population densily of 
of the land was no deterrent to the highlander. Itwhite settlers buill up ol the

periphery (Speed. 11M1t). In 176: Daniel Boone laid 
didn't take many rains to send the topsoil and stones 

out thel Wildherness Road through a gap in the 
roiling down the hills into narrow valleys. As quicklyas ore hillside wasCuni)rlauhd Mounlains, worn out, the highlander cutdiscovered in 1750 by down more forest for new fields. As the landThomas Walke~r. This road, woreliltl nmore thian a trace, out and the population increased,ciiiaried thousands of the highlanderpioneers Io the fertile lands was forced to open more andof western Kentucky. Anollher more dangerous route 

more land in complete
disregard of continued depletion of soil.
was the ()hio River. These two major travel routes The destructive practices in agriculture extendedskirted the interior lunOiltaiins, which were regarded


by maiiy i in igrtanls as 
to '.hesurrounding land. The highlander had littleundesirible places to settle regard for the forest. To him it(liliy, 1797). was at once an enemy
and a friend. tle lear athad to
In'pil of this, setllers, nearly all v'eterans of 

part of itto establish
the his homesite and his hillside fields and lieRevolutionary War, burnedciine to claim grants of land it frequentlyIto openo lvred it up for forage for his cattlethem in pahce of imney for their services and hogs. Yet at the sameas scts, time the forest providedfur trade~rs and Indian f'ighters (Rice, 1970). a sense of isolation,AN\tlrated a measure of securitly, a sourceto the hills by an ilbulndallce of game, Iheir of game and medicinal herbs,wn'I. fuel and forfamiliarily wilh lhe region, wooddnd the opportunity tools and builhings. Theto fact thal the forestescipe lvancing civilizatiiol. the seltlers lived was 

nmostly by subsistence huntling thilt proided 
rich in Ihe finest timber species and might bringboth considerble economic relurnt0od nd clothing, growing only never really occurredwht adlditionll to him: or if itdid. he chose to ignore it(Campbell,food Itleyv might need (Rice, 197t0). Wilh simple 1921).agriculture as in energy bse, bhe till people were

ilhle to devole an excressive ;uloullt of eirgy a1nd 
The hills in turn shaped a culturad development

and imposed restrainl on social and economic develtime to hunting gime evein when it beciimne scarce,
lBy 185 )Ittegiamept)lilatio 

opment. The people moved into what was essentiallyof tle hills hiad virlually
disat)Ipeilrtl forcing Ihe ieople 

an island situiion. Hemmed in by topography andto explnd sulsis- living in extremely marginal agricultural land,ten:e agriculture, the se:ontl d(veloplientill s',age people 
tl:K 

in the region. were isolaled from other human populations. 
an isolalion further inlensifiedlv 1150, too,.immigralion by a lack of conimuinto the region ceased nication and nmovement to the outside world.on1tilthe early I9t9t9's. ) This!puntil that time atcontinuing geographical isolation imposedinflux of settlers, lIrgely Scotch-Irish, settled in 

upon the peoplethe conditions quite comparablenarrow valley to the situation oflholtos (Campbell. 1921). Many slay-
e(!l :lose! to the branching harleries of Iraffic thal led 

any organism isolated from other populations of its
OWn kind. Gene flow isdlvonIlie Ohio often restricted, little newild up ilt!Kanawha, little Kanawha, genelic nateriAl is introduced into ihe population,Big Smlidy and the C;lhyaldotte. The increasing avail- and considerable inbreeding takes place. ehavaIbilily (of lands h'lheto thl wesl and south oif the region ioral and cultural traitsild Ithe raipid itlol)rovenlenI of roads on lte periphery inmpose(l by 

were reinforced by isolation 
Ihe tmovironnlent andof lte hill comntrydrained all traffic froi the ulterior, 

lhe peoples' own
rejection'Those who iof Ihe outside world (Weller, 1966).setlled ol Ihe formerly traveled rilaels One trait upon which isolition had a pronouncedfound tliimselves isolail illog wili those settlers influence was independence-a person's distaste of coves 


who sought isolalion from socie y in the elo'tvnlle being told what (do,to unwillingnessinl hollows. to bend to
tlihe
rule of Ihe majority, dislike of working togetherA rapidly growing popthliw, and a barler econ- and 

ony mistrust of any group or individual that trieswas supporhtle 
 by palch or swidden argimilture to impose soneone's will on him.(Smith, 1916).'TheI highlanders were not agricul- Oul( of independenceturally inclined. evolved territorialism, indi-They knew little about growing
crops. lhey 

vidumalism and person orientation. Territorialism releared the land by burning or deadening sulted when one hollowlhe limber. In ithe cleared or series of connectin'land about Ihe stumps hollows be:canie the domain ofand deadeied trees they plaiited corn, Ille shtple 
a kin group. Once

settled each hollow was rathereffectivelysealed from 
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the others with boundaries usually marked by the 
ridge tops. Usually there was little contact between 
occupants of one hollow and those over the ridge, 
Such territoriality resulted in limited ommuni-
cations, limited group activity, interfered with 
(.ourtship patterns, and in many ways enforced 
inbreeding, 

ludividualisn involves independence from social 
.,lustrainls ,doditbstin eeisl from cooperttive efforts, 

The highlmder's approach towajrd societly, govern-
mintt, or any activity has is its hisic motivation 
his own well-being and his own bisic concerns 
(Gazaway, 1969). This self-orientattion leads to the 
third trait, person-orientation. Whit notivtes the 
hill resident is the goil to h liked. It he a:cepte(d, 
to ble ia part of a small group rathe'r than to chieve 
money or material succi,s. 

Another trait common to All hill (lItutes is tradli-
tionalism. the id as that the waiys of tl past are 
the best ways for todiy and th,re is no looking 
forward to tomorrow. Ah0ln0 with traditionalism goes 
fatalism. When lhe settlers moved to thi motori'lins 
they had aspirations fur the future, but th ivaihived 
littie, mostly beciase the hill land could t ) I iii,aiid 
to prodtuce for mm. With populttion )ri'ssuris 
rising, with deniand lind tht waincreasing for %,is 
never capal)e of su;)p(rting much of a subsisternc, 
agriculture, the niontaineer found his confidince 
undermined To excuse his failure he adopted i 
fatalistic; attitude. This piassive, repressed ilitude 
is passed on to the c:hiilren and serves as ia buffer 
against disappointments to them as well its to adltlls 
(Cole. 1971: GiZaaway, 1969). 

Finally there is kin orient tion. lhe(! center of which 
is the family. This results from an emotional depen-
dence people have on one another. rather than any 
deep, cooperative interest in ea:h other. The famtily 
is male-dominated, i(ull-oriented, with children 
receiving little in the way of adult guidance. Outside 
of the kin group the mountainer is relatively un-
communicative, 

While the hills had an irnpact on Ihe social and 
cultural development of the hill peoplkc. the subsis-
tence agriculturalist Also had a pronounced impact 
on natural ecosystems. The settlers occupied a ma-
ture and relatively sta)le ecosystem, but they began a 
rapid disruption of normal ecol ogical processes by 
the wasteful burning of forest, soil erosion and over 
exploitation of wildlife. By the Vi80's the natural 
ecosystem hatd been so d egrad.d aid the human 
population had risen to it point where it was hardly 
able to sustain itself on subsistence agriculture. 

At this point a new human successional stage in 
the hills emerged, the timber period. In the late 1110's 
rich timber stands of the mountains were discovered 
by the eastern lumber industry. This was the first 
real penetration into the region by Ihe outside world. 
Eastern corporations established for the purpose of 

buying timber and speculating in hill land moveI 
into the region. Unfamiliar with eitherwaysof money 
or how to negotiate sales, the highlanders sold their 
timber at give-away prices. Eastern lumbermen also 
discovered that highlanders were holding land for 
which they had no legal title, and sent in surveyors 
to claim land that had not been formally patented. 
Often the surveys took in I.lnd both legally and 
illegally claimed by highlinders. 'lhe few cases that 
went to court were usually settled in favor of the 
lumber industry. As it restill, many highlanders lost 
the land they thought they had (Caudill, 19(13). 

In many parts of the hills the people looked with 
consiteribhle f vor on the coning of the timber 
industry (lowian, 1965). For those living on worn
out or over-populated land, the sale of timlerlind 
and trees benefitt!d them. 'h1w lumher industry 
provided just lough johs and money in Ihle region 
to hLl fiamilies together on othcrwise unpro(dtctive, 
lands for iniothir generation. 

The tinotier industry liastlned the ecolhigicil dete
:o'i:: or th region. The incoie kept th onoun
tainrir ol the eroded land. Logging was wastefutl 
and wais usually followed by fires. h'leh urning 
:orsurme(l foirest litter. reduiced )rgini: nalter iacci
mulalion, killed tree seedlings, affcted blotimiil] 
ciimposition of the forest stanil ad increased erosion 
of the sliipes. h'leh!continuing paihb farning, fh 
increasing, poI)ulaitiOn pressures on the region. Ihe 
destruction iif the forest ecosystem intensified the 
steady deterioration of ithe mountiin environnent. 

Coal ruining followed timber hiarvesting. When 
railroads penetrated the hills toi bring out limber. 
they also opened up Ite region for exploitation of 
coal. The reports iof an abundance of coal and ther 
poor legal claims of the mountiainers to Ihe land 
prompted speculalors to send their ;;gents into the 
field to buy up lIand. The end result was a iexw 
and greater influx of eastern and foreign capital t o 
the coal fields atd an end toi local ownership iif 
lands and minerals. Today 75% of the land is in 
corporate ownership (Miller, "1974). 

Beca use of his niature, 
undlependable source of 
industry briiught in coal 
region (Thomas, 1972). It 
labor, the black workers 
immigrants from foreign 
These pt.ople were aliens 

thle highlander was in 
local labor, so the ;coal 
miners from otttside th( 
tapped two soutrces for 

of the deep Soti th tod 
lands, mostly Ihe latter. 
to the monntaineer, with 

different values ain( a li fferent way of life. 'l'he, 
immigrant workers were sheltered in towns coo
structed by the coal ompanies. 'l'he! houses and 
businesses were owned, controlled and operated by 
the companies, which also providel all community 
services from voting to burial. Thus, Ihe c(ompanies 
imposed urban or village settlements in regions, 
brought law and courts where none existed before 
and concentrated massesof people in narrow valleys, 
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The result was a cultural shock and a sudden increaae
in population in a region that basically was alreadyoverpopulated. Overcrowding was at problem and
sanitation conditions were extremely poor. In early
days of coal exploitation, epidemics of smallpox and
other diseases were not uncommon (Thomas, 1972).
Sulsistence agriculture was replaced by a cash
e:onomy and the region shifted from land-based 
economy to one supported by an exploitative in-d ustry. 


Utnder these 
 conditions environmental (legrada-
lion continued at an accelerated pace. The slopes
were stripped of trees for mine props, railroad ties
and lumber. Fires, often set by embittered native
populations, were frequent. Mining and coalpreparation operations polluted the air with particu-
late matter and sulfur dioxide. Inversion, common 
in deep narrow valleys, held in the smoke and 
pollutants for days. Water pollution from sewage,coal washing, soil sediments, and mine acid drainage
destroyed aqualic life and t urned clear streams toblack and yellow. The effects of such pollution were 
even felt hundreds of miles downstrea inand outside
the region. 

Deep mining of coal was followed by an even 
more environmentally damaging practice-surface
mining. Although this method of mining coal wasused in the mountain country as far back as 1870,
it did not become exensv'u until the 1960s, andi 
has since accelerated. lkhcause of the hilly and steepterrain, the most coinmon method of surface iin 

is contour strip m ining in w hich the coal is rem oved
from benches on the slope anid the overburden is 

cast downslope. Although reclairaltion teclIniqLiUes
have improved, it is difficutt to restore such areas,

and it is virtually impossible to correct 
 Ie damage

suffered by mountain ecosystems (Smith, 1973). The

forest cover 
 on the disturbed areas is :oml)letely

(estroyed; the instability of the( overburden 
results 
in enormous erosion prollems. Sill fills streamb ttoms. This increases the intensity of floods. l'he

mining destroys Ihe forest ecosystem and adversely

affects the area for future forest growth, and in most 
respects the region is left unattractive and unsuited

for ciotnlinued habitat ion. 
 Reclaniation depends
largely on grass, Ihe growth of which is most su:-

cessful on hench and 
 upper one-third of the slope.It is doubtful whether the (listurbed lands will ever 

nUndergoli!,,(ii ormal vegetation succession Ui sv 

'l'he liounlaineer tIhrough his long tentire in the
mnoitlins iars been able to exist with,iand e ven

ignore, if not cordonie, such environmental abuses
is destrti(tive logging antd annual fires, lie simply
has accepted the pllution of streams from ine 
acid discharges and siltation frori coal washeries.Hiilt his allittide toward strip mining is one of 
frustralirn and anger. The reason is that in the 
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southern Appalachians the people relate to a partic
ular location. They identify themselves with a particular locale, a specific and familiar ridge, a particu
lar hollow or stream. The mountain resident associates time and place together including the human
relationships associated with them. It is the violence
that surface mining does to lids relationship that
not even the most careful reclamation can restore 
(Randall, el al., 1976).

The environmental deterioration of the hill country
is reflected in the logistic growth curve of the
population. By the 1850's the population had reached
the carrying capacity that the region could support
by agriculture. Some emigration took place but it 
was slowed by the coming of the timber industry
andt did little to reduce population. In the 1900's
the population grew rapidly due to Ihe influx of
workers into the coal fields and a high fertility rate 
(in 1930 it was 651 per 1000 women aged 15 to45; in 1970 the fertility rate was 522). In the 1950's
the population growth was abruptly halted and began
to decline. Because of a declining market for coal
and increased mechanization of the coal in(Justry,
jobs became scarce and there was a great movement
of people out of the region over the next two decades.

The hill country of southwestern West Virginia
and its associated hill lands of eastern Kentucky
have gone through five developmental stages, each
with its own cultural, ecological and demographic
characteristics. 

. Subsistence huintiing that supported a small
h . S u i n h n t thed ere g oa s 

guman population and depleted the region of its 
game. 

2. Patch or swidden agriculture that supported
a rapidly growing population and a barter economy,
depleted lowland soils and forced more and more
of the population onto the steep hillsides and into
 
remote hollows.
 

3. Timber harvesting. This involved the invasion

of the region by the eastern financial establishment,

provided part-time employment, inlroduced a cash
 
economy, halted emigration 
 out of the region, depleted timber resources, and resulted in the begin
ning of the loss of control of the lands by the native
 
population.


4. The coal mining stage. This brought inrailroads, settlements, laws and courts, immigrnts,
replaced barter anid agriculture with a cash economy.imposed a foreign social culture onto a traditional
moutLain culture, stimulated i logistic population
growth, forced the passing of land from individual 
to large corporate ownership, and caused it rapid

cological deterioration of tle region. 

5. Surface mining slage. This has destroyed the 
ecosystems as they have existed. 
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One cal oly gLess about tihe future of these hill
Ilands. The marked (eclin e in the I spo u)itliloion

been halted temporarily because of the resurgence•Ann 
of the coal industry, But what will come after the 

ll~t i')f coa a lf : !i nWeller.:,on

last of thie -oal] hats been remloved? Surface mining
will h!av, eroded lamd silt-filled streams and torn
down mountain slopes that will be unabile to support

the rich ft.'est growth that once covered them. As 
the region deteriorites, tle hill leoph, will be forced
 
from their homes. The long-term future of the region,

ecologically. economicilly and 
 culturally, looks
bleak. 


REFERENCES 
ownmln. M.K. 196i5. RIeffiretic.oo ofr1.voining courr history.

;i-rsons, W. Va.: McChiilrinting. 
tGliu 1)hJIL 1. C. 1i21. Th, .'mitheru high,r'rit and his home. 

Lv\in,ohn: Univ. Kentij:kv Press. 

(:,.i ill,f. :.M coit' rlids
a, i. 91i. s tu l,C umbnt toigrphl,I r't'sslaI ,arlri.ii siun: A .t Ni iiXhtlt ilfv',
(dih. [.1971 ,-'1i , sl to h n: ililtiAIs t,ltI(t.. chihtrc 

,ciis. EHlston. Litth. , 

(;,lz,m,vy. R iqti i' lwl:,l'! 
 rmui,' \,,v,"Yt I)'ihl't.
illt. . 17t7 .A ,u,pr,'h, dt' ;pri(in ,,ifIh,. * ,'nt%'ri,,l 
i,,. orth ,nwth ai. on , i,t:titi,,V not ," th ilo, .t 


1,ist1tnl. 1 hsrdlJ'd
o11111 [JAt 'cprint ...tli. IIy,

",tolY ,i9'ILrk. 

Nt.\tjch,%I. , Vl t)Wh n'tI,,i, , V'sinn, ,mh,,, 
.Morgaiifo,.i \\,st (1,,, wdti .WJl,,\'nin', . 4,1ntl . I-%. 

Millhr. 1. I) 1974 ,, t\'ir, lirihihW,l ",\n .:' .. (/i UO"qlumiltbi'ld i.'' li v ;.,,,thh. :r,, 
Riotdill ... .houn, S. ,d P, ,. A. lq+ Enulrn~ld
i 

,rod ,w,,thci( 'Ito: rm;'I . inpo 'ih Y lliot Illllll fDrs ,:.,ll ri'a,!rt'd' , 'r,.,- Lii ()!,, 
Rn.., (.K. 197. '/u .l,,',hnt' ro (le.t r.,jiull hlIi,r. II ,

nt.,,1730H-1830).I.,,,iml Pro,rlo nl, KI-w il,'.rk 
Smith, 1.R.11 Kvi'm.l :ipumhu, .,ncr".bOvivis RAptpi[th

5:t:29-3 

Smith. R.L. 197:1. Strip hiolli i rnrip l ,;ro. .l,.miiot fflo-ts
il Appailfhia. .ls .,,,U Nat. Rv-Tr orth Afil,-ttt hIlic. ,!n(1 

sour:,es Coof, 3H:132-42. 


Speed. r,1886. Te wildern..s rool. Loiislile: 1. 1'. Morton. 

Tluas. 1.13.1972. Coal counlry. 'Thu rise of the sout heurn 
smktlss coal indlsiqry dni its effeci on ar:a develoll lnI. 
Ihl,[) Dissertation, Univ. North Carolinl. t nivrsity Microfilns,Arhor, Mich. "irfins 

1. E. 1966. rsherd~nis jwophe Lexington: Univ. Kinl i:ky
Pes 

DISCUSSION 
Unidentified. When will this abandonment take 

place?
 
Smith. A long lime in the future. At present there's;In influx of coal technologists, but ts the coal isdepleted. these Ieople will leave. In perhaps 50 years
McDowell County will be,ibandolled. 

S omel'm iers fletl that only the coill that is easiest 
to obilaill is being ril ov'ed nllld left bewhiat's w ill 
verv difficult to linll. It's a shortsighted policy. 
Unidentified. Ilow did the outside inlerests get
control of th LId'? 
Smith. John W illiam 'srecent look, \'Vest Virginia
1il the Calptaills of' Industry, describes the way's 
in which the Eastern tinl ll co l bal)wrons gotcontiol of the re-sources. There w'ais no consi(le retIion 
oVof ih. long-rull interest. oi Wlest Virginians. 'l'hre
( attlers of the lind down there is ownil y (coill 
<compitnie+s.

\Vhtis goin, to live in thlse ireais? There's little 
or no tilnber pro(lductiln potentiAl. I Setelittle hope
for the region.
C. Evans (Colorado, USA). W hat is the potential 
for foraoe-based livesto c:kproduct ion? 

Smith. There is such it lotintial in hll northernireis, but slopes iare (too steep in tl five-county 
area I'm talking Abot, I'm not sure the (;oilcompa
nies Ire interested in it. The ir!i was only one ofpatch agriculture before the mining oic:iurre -it's 
noat really an agricultural area. 

202
 

http:RIeffiretic.oo


35.
 
Past and Present in the Swiss Alps
 
Ellen Wiegandt 
University of Michigan and Geneva, Switzerland 

lill lands have traditionally been marginal be-ciase Iroblems of low productivity, isolation, andtransportation made their exploitation impractical
and 11np.ofilable for anything other than subsistence 
farming. Improved agricullural techniques an(l
mechanization increased yields in lowlands. Facedwith growing discrepancy between moflntain andplain production, the response of many hill farmers
has been to aiandon their unrewa rding farms forwhat they believed would be betler paying jobs inanother profession. Switzerland has experienced
these tendencies but there have been atlempts tocounleract them through explicit government poli-ties to favor mountain agricuiture. However, at the same time, that officiials recognize the need to main-tai and encourage farming in marginal areas ofSwitzerland, they expect that tradition will give wayto new methods and organizaltion. To adapt oldstru:tures to new exigencies, it is necessary tounderstand the origins of the system, its evolution

and function. 'he historical perspective provides
this insight. Thus. I will first discuss the politico-
hislorical context of Switzerland which favored thedevelopment of decentralized institutions, and I willthen analyze the institutions Ihemselves. The gov,-emnlletll must intleracl thesenow with structures;
its goals nlid policies will be outlined. Finally, Iwvill ,'v itle the efforis to implement these pro-graims, assessing their positive and negative aspects.
THE GEOGRAPHIC SETTING 

Specific data localamut level organization haslen €ollectel from a small mountain community
in the canton of tihe Valais, lPraz-Fleuri (canton is an adniuisralive unit which corresponds to an 

Anrican state). Tlhough each Swiss village is unique
in some respects, Ihe data I have from one can be
used to general problems of Alpine agri-
illustrate 

culture. The Valais is dominale( by the Rhone River

with its flood plain and Ihe mountain chains rising
steeply above it. Deep lateral villeys intocut themountains. Villages are locat d in the plain and
il the side valeys. The agricultural systems of these are totally (lifferenl. In the river flood plain, a
market-oriented ;igricullure emlphasizing fruit, vege-
tables, an( wine has developed. In the higher alti-tudes one finds a pattern of muixed subsistence
farming that make; use of the steep, terraced slopes
for fields, pasture and] meadow. The constraints 

imposed by the rugged terrain and climate, isolation
and problems of transportation and communication
have shaped economic activities and led to institu
tional arrangements which clearly distinguish
Alpine peasants from those in the plains. 

THE HISTORICAL CONr EXT
The physical environment was not alone in infl ueuc ing the development of particular structures.

Villages also have always been part of a political
environment characterized by a specific relationship
between peasantry and state. The history of theformation of the Swiss state is of special interest
because the impetus for its organization came fromthe local level rather than being imposed by anoutside, centralizing force (Deutsch and Weilen
mann, unpul)lished MS). The political consolidation
of the Swiss cantons and of Switzerland as a nation
followed a similar pattern. While acknowledging
important local variations, I will discuss this evolulion from the perspective of the Valais because thefocus here is upon a single Valaisan village as it
developed from an economic to a political unit.

The process of state building originated and tookshape during the feudal period, beginning in 999when the Valais came under the control of the Bishop
of Sion. This official delegation of political control,
to be added to the bishop's religious sovereignty,
was no guarantee of real power. It heralded a cen
turies-long struggle which was fought on two major 
fronts. Noble families competed first among themselves and then against the bishop to enlarge theirholdings. And the rural masses continually sought
to free themselves from feudal lords, noble or eccle
siastic, in order to preserve and extend their auton
omy.
 

These conflicts led to 
 an alliance between the
bishop and rural communities against 
 the nobles.
Peasants exchanged their military support of the

bishop for political freedoms. In 1475 the most
powerful noble lords were defeated by this peasant
bishop coalition. Th~eir victory consolidated peasant
powers; comnunit ies were left free to make decisions
about local issues. Policies concerning the Valais 
as a whole were elaborated by a popularly elected 
assembly.

Rural communities throughout Switzerland followed the same trends: a strong free peasantry with 
some economic autonomy sought to preserve these 
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privileges from domination by noble expansionist 
efforts. Rural alliances later joined with urban bour-
geois trading interests, also threatened from the top. 
In the period from 1400 to 11300, two opposing 
tendencies struggled for supremacy. On the one 
hand, each commune,' and later canton, sought to 
preserve Ihe greatest possible independence. Oil the 
other hand, they vere willing to aIlly to strengthen 
their aulonomy from incursions from above. Total 
community atlonoly %avitsnever ill option: small 
units would have quickly been absorbed by the 
centralizing efforts of noble leaders. Rather, peasants 
and urban bourgeois united to resist centralization, 
By forming a confederation of sovereign states, the 
Swiss created a nation built upon horizotnlal coali. 
tions. The result of these alliances made among 
people equally anxious to preserve their particu-
larities, was a decentralized state that had a cenlral 
federal structure but left great frteedom to canton 
and commnlelll,, 

Thus, wvithin this conlxt of stait building. rural 
settlements evolved into toinmtilities. liv the early 
feudal period, the suhsistence patterns hacd been 
established. Cattle and grain production were the 
most important l(ements of this largely self-sufficienl 
system. Fields and p,istures were sca:ttered above 
and below he settlement. Crop land wits farmed 
by individi,,l households: miadows and some pas-
lures were also divided into private hollings. The 
summer pastures were managed communally, pro-
tecting them from individual domination. Water an(l 
forests were also tinde'r colle:tive control. 

Feudal lords spent little time in their isolated 
so local inhabitants wevre free to administer certain 
activities. Community assemblies set ectnmnli: poli-
cV and, as tasks grew in complexity. administrators 
were elected. Eccaomic autonomy at the local level 
combined with increasing political control wrested 
from the bishop resultetd in economically and politi-
cally viable communities, 

Given this development. it is valid to choose the 
village as one primary level of analysis. Local insti-
tutions regulale village life an(l are relativelv free 
of influence from othir levels of government. 
ORGANIZATION OF RESOUROES 

The agropastoralism whikh sustains Valaisan 
Alpine peasants has a characteristic pattern of land 
use. Its essential features are its vertical perspective, 
the mixture of private and communal holdings an( 
the division of cultivable land into small plots, 

Smallest'Saolhminisiraiive unit. cuorrespmnding roughlyIf'l Amer-

ican township. However, in Switzerland it has maintained a 
greai deal of aulonomy. Swiss citizenship depends upon mem-
bership in a commune and certain rights and privileges result 
from it. 

Commune territory in Praz-Fleuri eniconpasses 
land between 655 and 2842 meters. The south
westerly exposure allows agricultnre between 950 
and 2 100 m. Different agricultural tasks are associat
ed with each level. 

Praz-Fleuri is a nucleated settlement located at 
1 350 m. People live in clustered woo(den chalets 
interspersed with buildings used for grain and hay 
storage, as stables or as potato, wine and cheese 
cellars. Il and arouind the village are Ihe meadows, 
grain and potato fields and kitchen gardens. Between 
1 500 and 1 700 ill are 9he mayens, individually 
otned pastures. Iligh alove the village, al about 
2 100 ill, are the two alpages. These are collective 
pastures, managed in Praz-lletri hy users' coopera
tivs. Villagers also own vineyards in the Rhone 
River Valley. 

Alpine cattle utilize a wide range of altitudes. 
Through th year, tihey move fromllthe village, 
through the mewen. to Ile al l) and back again. This 
evele largely determines Ihe rest of Alpine peasants' 
.ctivilies. li early spring the cattle are birought out 
of the stables where they have fed on hay dluring 
the winter. Tl'hev graze near the village. Peasants 
prepare fields for plinting and tend their vineyards. 
In May the cows and their owners move lo the myen 
where eaich family hs,a small htit. Ilere small cheeses 
are made from the spring milk. When the ;ows are 
taiken to the high ill) at the end of lone, they are 
cared for hy hired labor, leaving their owners tree 
to devote all lheir time to the haying and harvesting 
of crops. Ihe :ows are brought down from the alp 
a end cattleal thl of September. The spend a few 
more weeks in the mayen, then in pastures around 
the villoge, and they are again shut in their stales 
for the vinter. 

Alpine mixed farming based oi animal Iuslhioidry 
and grains supplementd by potatoes and gardeln 
Vegetables permits a high degree of village and 
household self-sufficiency. It is dhependent oi) the 
availability of all land types to each household. 

The basic unit of production and consumption 
is the lomestic group. Decisions about pri'vate re
sources are made by the head of the household within 
limits set by the community. Jnder domestic cltlrol 
are houses, stables, hiy harns, fields, meadows and 
some pasture land. Influenced by the ec:ological 
constraints, the needs of Ihle family as it evolves 
determine which fields are to be planted, what crops 
are to be grown, how the division is made between 
garden, field, rneadow and pasture (Wiegandl, 1976). 

However, village rules impinge upon individual 
liberties. Collective duties place limits on individlialism while favoring the; we~ll-being4 of the gr'oup 

as a whole. At lhe sa ne lime, individual Irse of 
communal resources permits Ihe survival of discreet 
household units. 
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Under communal control in Praz-Fleuri are theAlpine pastures, irrigation canals and forests. Up-keep is assured by users; administration and record-
keeping are carried out by rotating part-time officials,

These institutions provide a viable environment
for community members. Communal lands preclude
the development of a landless class and help to
equalize access to resources. Their organization as-
sures that members are also decision-makers, adm in-istrators and laborers. Within these institutions, I.ln(]
is owned in common and power positions are shared.
A cerlain egalitarianism is further preserved because 
no one associalion contains exactly the
members as 

same 
any other. Only with difficulty can an

individual develop a power base because he doesn't
control all the crucial institutions. Crosscutting alle-
giances also tend to inhibit Ihe polarization ofvillage into opposing groups. 

the 
If such a split never-

theless occurs, this same network of relationships
acts as a rein tegralive force (Wiegan(lt, 1976). 

THE INHERITANCE SYSTEM 
The control mnd distribution of common lands is 

assurerd by Ihe various corporate groups. The mecha-
nism providing for transmission of private holdingsfrom genera tion to generation is the sysen of inher-itilice. In Praz-Fleuri, and the Valais in general,
partibility has prevailhd since feudal times and isconsistent with current Swiss law. The c:harac-teristics of the system are also in part determined
by ithnaltiral a n( social environmient. 

Mixed farming as a subsistence strategy di(:lates
the need for (Iifferent land tvpes. The size, and
dispersal of Ilots however, resills not from the
ntureof theexploitation but ratherfrom the physical

chinicterislics of the land. Small scaltered fields 
are a result ofthe inheritance pro(:ess: in each generation

the family holdings are divided amnilg 
 surviving

:hildren. Tl'his fragmentation, if kept within bounds, 


is alpropriate to tile Alpine 
environment. In thenintains there are inini-ecologic,it zones: changes

in ln(I quility and differenlial exposure to Stil 
 and 

rain occur iibruptly and within small distances. An

estate made up of many small parcels localed at
differvint allitudes and facing in different directions
is less vulneralve to losses due to such changes.

Inherihtnce practices also have a social dimension. 

Life choices are influenced by the extent to which 

ii person is assured of part of the family estiat. Thesize of this share is a factor in determining his social
and political status within Ihe Village.

Allocalion of resources through inheritance alsoshlapes Ihe social structure of the village as a whole,Viewed historically, inheritance practices elucidate 
the process by which wealth moves through the 
community. In each generation, estates are broken 

WIEGANDT 
apart. Because women inherit equally with men, a new estate is formed with each marriage.

An individual's wealth is determined by: hisparents' fortune, the number of his siblings, whether 
or not he marries and the size of his spouse'sholdings. By evaluating the hierarchical relations 
among families through time, the role of inheritance 
as a factor leading to a certain equilibrium can be 
established. 

I have shown elsewhere that there is a correlation
bet ween family size and wealth (Wiegandt, 1976).
Wealthy families tend to have more children than 
poor families, which means that, because of partible
inheritance, large holdings are divided into propor
tionally more parts than small ones. A statistical
analysis shows that the results of this process is
the equalization of economic status ovei time. Thepercent of total village wealth was calculated from
the tax rolls for several generations of men. Ingeneral, there was downward mobility because pop
ulation increased. But the drop in relative wealth 
was greater for sons of wealthy fathers than for sonsof poor farmers. The percentage of decrease 
correlated with father's fortune. 

was 
The estimated re

gression equation is: 

y 0.67x - 0.55
The correlation coefficient was calculated and yields
the result: 

r= 0.82 
From this, I :oncluded that inheritance practices
played a significant role in preventing a growing
discrepancy between rich and poor.


This brief analysis has presented a Swiss Alpine

village as a system in which communal economic
institutions and inheritance practices interact to
maintain a relative egalitarianism within the popu
lation. Relationships are not static. The system must

be viewed itsa dynamic interaction among the
 
constit Lent paris.
 

GOVERNMENT IN AGRICULTURE: THE GOALS
Although Switzerland is a decentralized state in


which canton and commune jealously guard their
freedoms, there has been a realization that a coherent

national policy must be created to face the challenges

of rapid comininunicaition, industrialization and interdependence. The need for high-level coordination 
of the agricultural sector was acutely fell during
World War II when Switzerland feared she wouldhe cut off from her food supply. Thus, one of theimportant motivations of Swiss planners is strategic:
the nation should Ieable to provide food for itselfin an import crisis. This implies the maintenance
of reserves. It also means that lands which are not
usially profitable must be ready for production when 
needed. 
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A second consideration of the government is to 
preserve an ecological equilibrium. Officials are 
c:oncerned with keeping a ialance hetween forest 
and open spaces as part of their policy to encourage 
tourism,ia crucial national industry. They'appreTiate 
the esthetic value of the contrast between forest and 
meadow. Ihe survival of mountain agriculture is 
necessary io keep the diversity of the Swiss Alpine 
landscape. The opeln spaices must liecultiv'ated to 
discourage erosion and prevent fires. 

The people of Switzerlald support g.overnment 
aid to agriculture for a third ra,,ison. \aiy forner 
agriculturalists keep their land beciaiiste they feel it 
is insurance agaiist possible eciolnmi it: crisis. This 
attitIde provides support fo' g.overuinttitt elhpms 
to maintain agriculture in areas wh re short-trim 
ecolnmi; considerations lonte cannot b the1prille 
niotivatior. 

GOVERNMENT IN AGRICULTURE: THE POLICIES 
"1'hi0 fildcral governnment worlks to)r'e,ilize three~iThe ferl goernmentn woks toealizh ree 

The aitter policies are of particular concern Iomoon
lain cultivators. They obtain subsidies for destroying 
inferior animals. Peasants also receive contribitions 
enabling them to huy forage and fertilizer. 

There is als(, a movement to create estates of 
continuous fiMIls. This implies a movement av.'.r: 
from the tradiional pattern if small scattered hold
ings. 

The fourth method of aiding agriculture is to make 
credit easily available t()farmers. Cultivators are 
eligible hor' very low interest or even interest-free 
loals to finailce ilprovemenl Is. Investment credits 
are obtainable hy individuals or (:ormlmities. 

These nieasures show Ihat Swiss policy makers 
hiive established Irange oI prograns to provide aid 
to agriculture. Th, needs of ear:h region and product 
ilre kikell inh) 1ccoint. 'l result is a dislial'at 
(:ollection of laws interati d by the golls underlying 
thmvn ratlher than h' Ith,speelfi:, often contraditnory, 
effects they hv, (i pn)dIctionl. 

THE IMPLICATIONS FOR A MOUNTAIN 

particularly to)mountai ,tgricuilture. Tlhe'se nur',surrs 

fall into four basic t;iirits: lririt nd pri:e 
(ontrols, su~sidlies, irlir~iing ,griculturil tifiiielncy 
anid cr dit aid investinnt. 

The rationale behind wi,. pri:, pdiies is to 
iassure agriculturatlisls i revlni. i-quivleiht to that 
available in (conlr,ib. posit rns in industry. In 
most of Switzerland ,iriculturf, rematiins sill scale 
and family-based bccause mmtch (4 h, eIviillnllelt 
precludes in industrial aoricuilture,. so poli:ies artel 
protective. Imports are limilel !ither throlugh ihth 
imposition of duties or qiois. Th, border isclosed 
altogether itoforeign fruits aid vtegehbles durin 
the period when Swiss )rodulcts can fill ilomestic 

oals throughl a series of laws. somet (o!wh-ich.1 S COMMUNITYaipplyCOMNT


demand. 

Price controls Also assurf 

living for prodtlcers. The 
principal sourrce of Swiss 
providing one third of the 

a ierfain st,inildard of 
milk inlustrv is the 
dgric;illuril revenwes, 
value of aoricirlirral 

production. The Swiss Federal Cotuncil (the exer;,i-
tive branch) periodically fixes twliase pri(; of milk 
guaranteed to the producer. 'Ihe price of cereals is 
also fixed by the federal gove!rnment which buys 
all the indigenous production, 


Animal husbandry, tradilionally the basis of 
Alpine subsistence. re!cived special support. Fixed 
prices are paid to meal producers. linadldition, 
mountain peasants receive subsidies for keeping 
animals, The higher ih(, altitude, the larger !he 
subsidy. There are also federal contributions to Ih( 
cost of transporting animals in moiuihain regions. 

Encouragement is given to improvements in agri-
cultural techniqies. Federal and canthonal schools 
and experimental farms provide for teaching and 
research. Efforts are made to improve crop varieties 
and the quality of meat and milk produlcing animals, 

206 

ItIs I- is'iii thil o()vernieiilt iltervention in pro
tidctioi i'ers Ihltraditioinl structures in l raz-Fheu ri 

which, like o)ther \alaisall villlges, existed so long 
with only mlnariginal connections to the world beyond 
it. At the same, tiie, itmust lie iicknowledged Ihalt 
the villakgt hltd egin toching significaitly lefor 
the federal go'ernmIllent hecaille involve'd illdirecting 
th, course oifarhi:irltrrl i(lviopj ett. lUntil the 
laleineteerrtih cn!ltilry, residenlts f Iriz-FlhuIri lived 
imstly from sihsistiui igri:iulthre. Tax records 
show tlhiatpeople hi Alnuist rio ,ish ilcirlie (,\ie
gndt, 1t7ti). As Ihe, \"lAis bmgan to develop uid 
industriilizi. eml)hline!it becia[ e ivilile Ito 

ollluniiil lpvojl(i. Beginning in the 193ls, svirl 
h (Irimle;tri; drils were built iind there was i 
suddeli rnmanil for wiir'kfrs. Marry lpasantsleft oi 
s(ek jobs which would brillg Ihieil Inle nliv. 
Improved triusportation drew the'se isolated ir
tai villages into the rirodern world-a wuorld thi 
iunctione!d with iioney they did niot hav(. 'I'hle 
novemeit from agriculture r;olntiniued to fhi exhnt 
that oficials spoke of iu"crisis of rn taihiin agricirl
tore." The federal c:ensurs shows that prpulatiorn of 
Prlaz-Fleuri droppedi from 385 in 19320) to 2,t1 ill 1970. 
Thresponse of the government has been tI(prorvide 
incentives for rinilnthin peuople tI remain in their 
villages and to ;ontinre with illleast part-linie 
agriculture. The policies they have elaborated mis 
be assessed in the light of the changes that were 
occurriig. Some governmiren t actions may hasten Ihe 
breaklown of tradlitionaI structures, I)lt they have 
not instiluted it. Nevertheless, government progra ms 
give a certain idirection to the evolution of ]lraz-Fleuri 
and can be analyzed in terms of their impact aid 
the reactions (if the people to them. 
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The ecological balance may be altered by the

introduction of new crops. It is impossible 
hold title to their land and would simply exchangeto adapt use rights. This way no one would feel he was givingihe traditional economy based

grains 
on cattle raising and up his patrimony.to the exigencies of the market. The extra While some policies, like land reorganization,costs and lower yields of mountain agriculture make incompatible 

are 
it a poor competitor with more mechanized 

with traditional organization, othersplains evolve naturally from the past. Several villages havecult ivat ion. There have been attempts to maintain sdt tip communal stables. By pooling their resourcesherding activities because they are land intensive and their time, participants c;an affront the problemsandlthey make 
lands 

the best use of the 70% of XAllais posed by the constant labor demanded by cattlewhich are grasslands. But only 30% of the raising. Owners canrevettie comes from decide whether to divide theIlese large areas. To increase tasks among themselves or to hire cowhi-rds. Thisthis figure, attemjpts have been inade to plant new is consistent with thecrops. Particularly in tilt long-time commitment towestern valleys, the intro- private owner Iip combi n'udduction of strawberries and raspherries have brought 
with a willingness to

participate in communal activities.pIeasanls into a market-oriented agricullure. These Underlyingfruits aie ildapted to the niloitains becIulse mechan-
all these changes in Praz-Fleuri, is 

ization plays litth 
the movement from an autonomous, self-sufficientrole in their production. 1)iscrep- community to a village which is increasinglyancies in plains-nountain vields are tiedcompensated to the external economic and political.Ienvironment.

for by subsidies and elaboratecontrols. These guarantee price and import The process isa certain iiconw level inexorable and the resultto independence. Though a loss ofthe Iroducers. l'he effect of this change 
the goal of the federal govin crops ernment is to allow the Swissis to modify the pattern of land use. farn'er to continueFields formerly to make his own production decisions,usecd for grains or hay this ishave been Iransforned into impossible when policies render some crops mno',eberry pIat(:hs. Will t'he change t1trn otit to be of profitable than others.e:Ologictal signifit:ance? ()fficiaIs have not tt:knowl- To the extent that many current programs'igndreedlged ;i'v problems. lerry production symbolizes Irac/itional structures and institutions, theytihmnovemlt from afbroal-biasmi stbsistence farm-

iihsten 
ing to the decline of the latter. Attempts toit specialized nmirket agrictulture. us,. local

organization, such its communal stables,Instittional seem tohianges have o ct:urrel whi,:h alter have greater acceptance and thereforele relationships within families a success thaniina vtingvillagers projects which restructure relations as does the landtlong
with environmental changes. The programs
which reorganization effort. Decentralization challenges thehave the greatest ilpatl on mountain coin- governmentmunities to develop an agricultural policy whichare those whitch worl. to huild unified is at the same time :oherent and responds to particuestales from small plots. This policy contradi(lts the lar village level strii.tures.inheritance system which breaks apart agricultu'al
holdings and spreads land among many hlevirs. ACKNOWLEDGMENTl"uriher. lie retrganization of land holdings d(oes I would like to thank Mr. 1. P. Revaz at the Officenot take into account nini-ecologicill zones. individ- of Nlountain Econony in Sion and Mr. Ren6 Bruggeriahildl ings are regr iped illonel area of Ihe com- for helping nue to assess the impact of current Swiss
[ntone rllher than being scattered Ithroughoul it. This agricultural
tmderinties the balancing and equalizing e'ffect 

policy on imountain community. Opin
of ions expressvdl here are, of course, my own.
the distribution of parcels.


There is an inherent contradiction 
 betweeln tilhe REFERENCESinheritance system and current plicity. Efforts ae tIlurns.
R.K l iit.'"'hv
cir:un-alpiue culture area: A prelirninaryma1lde to bring eslates tlogether. But w hat h ipp ns vi.,.,ith ripinihgic.iQoatrhcrly 3: 1,30-55.to the following genleration? Will fields le divided clinsvil I:vclrI. l!ooii. Quatriezne ralpporttiltconsvil federal stirill) again or will they he passed on integrally to Iagricultur,. Herne.one child? If the goal is truly to rationalize proliic- Ivollosch, K. midweilnrnann. it.IicItin. political integralion ofit may he assuned that the second procss Switzvrrhcod: Concditions and pcissihilitos for thewill prevail. Inheritance practices will then tease! i multilingoal nation. (Unpublished MS.) 
making of 

to function as an equalizing mechanism. 
Since this is the first generation of land r:or.an

ization, it is difficult to predict w here it w ill ead1ato. What can bienoticed is a very stronrg resistancteoi pat' t of in0tintain peamsants. 'hey 21.b [).evaz (persoiae t :omr i cation) sai is ,ow i i03(Il l
ae hasii ri inw hiillin hoy: Waly and thatIoelaborate n the governmnl plasw laws ahking inilo
to exchange Itheir tciccoill hese experiences.land for olher fields. The opposi- :'''lhespecially cttion has art:been so great that officials 
ttres, strawberries and raspberries, goodhave decitIed exampls of this. Thty wore imposed by experts on mountainto alter Ii proce( tire. People would con tninue to cutllivators whto had never traditlionally grown Ihem. 
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DISCUSSION 

Unidentified. Is there impartable inheritance 
throughout Switzerland! 

Wiegandt. Legelly..wes, since 1912. The law con-

forms to the trmlitional pattern in the Swiss Alps 

where lind wa'ls always divided. 

ff. Schwartzweller (Michigan, USA). I've 'olloved 

a small ('ernmn villagi (sone 300 people) that once 

was inhalbited mostly by full-time peasant farmers, 

They are peasints no more. Thii"rv part-tine farmers 

now and the wonmn hvi be(ome ti rictor drivers, 

Is this true in the vill(jgfi you studied and was it 

of similar size? 

Wiegandt. This vill,ige ail about 250 people t the 

stirt of the fine:i'winth century and grew to about 

400 people about 1920, blt has since declined to 

250. They're not full-time farmers either. They're 
now only 20 minutes by road from the canton capital, 

36.
 
The Tragedy of the Commons 


and the part-time farming they perform is mostly
for kitchen gardens. There are only 25 cows left. 
As in the village you studied, the women do most 
of the farm work. 
Schwartzweller. The Germans also have the concept 
that landholdings in the small hill farms are a hedge 
against a future depression or crisis, and there seems 
to he a deliberate government, as well as family, 
policy to hold the land in reserve. Is that also true 
in Switzerland? 

Wiegandt. Yes, there seeIs to he a strong feeling 
that this is an essential strategy in maintaining their 
independence, even if it's not "efficient" agriculture. 
K. O'Connor (New Zealand). The degiee of ho
meoslasisseensgreat because ofthe decentralizat ion 
of government in Switzerland. They seem to delight 
insystems that slow change. Ecologi(.illy, it's fan
lastically efficient. Please conmient. 
Wiegandt. That's true if \-our goal is to preserve 
subsistence agriculture. Swiss citizenship depends 
on membership in a community. All the important 
things thaI happen to you happen through the 
commune
 
The econoinic unification of these small units 

placed them in opposition-holh economically and 
politically-to the outside world. It was successful 
until the 1930's, when a road was built. But the 
situation is now changed and you can't consider 
it efficient by contemporary standards. 

Revisited: Land Use and 
Environmental Quality in High-Altitude Andean
 
Grasslands 
Benjamin S. Orlove 
University of California, Davis, California, USA 

This paper examines a high elevation land use 
system in Pert' which exhihils many elements which 
have often contributed to the deterioration of natural 
resources. However, steady rather than declining 
agricultural yields and the lack of erosion and 
landslides suggest that this environmental degrada-
tion which is common elsewhere has not been taking 
place in this instance. As a heartening exception 
to the widespread trend of deterioration of mountain 

ecosystems (Eckholm, 1975), this land use system 
is worthy of further investigalion. 

The high-elevation grasslands of southern Cuzco, 
Peru, are inhabited by populations of Quechua
speaking peasants who engage in agricullure ail 
pastoralism. The rigorous climate and poor soils at 
elevations above 3 600i meters miake the ecosystemns 
relatively delicate anl subject to rapid and peria
nent degradalion. The strong seasonalily of rain fall 
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and the presence of deeply incised river gorges
increase the likelihood and potential damage of 
erosion. The long history of human settlement inthese areas would suggest that these soils wouldbe relatively depleled, Finally, economic and social
factors might generate overutilization of the land 
resoiurces. The economic cond ilions in this remote
portion of an underdevelopel country are not of 
th! type likely to encourage lan(i conservation prac-
ti:es. Technic:al assistane and acess )tocredit arelimited. Since alpaca and sheep wool produced in
these areas have been exported for over a c(;titury,
the inhabitants of these griasslands ill(firmly inle-
grateld into commercial production for export mar-
kets. They are thus not involved in subsistenceprodu:t ion in an isolated area. Furthermore, rights
to pasturelanl are public rather than privdte; a
number of different herd owners have a(;(;ess to any
parlicul larstretch of pilstur'e. Soulhern highland Peruwould appear to be a likely candidate for the kind
of situation that tHardin (196B) has called "The 

Tragedy of the Coinmons." Seeking higher income,

herd owners might crowd their ani maIls 
on to the 
publicly owned pasture. Private interest could causeimlividuals to overutilize a common property re-

source, leading to its deterioration. The fragility of

high altitude grassland ecosystems wouldImake this

risk even greater. 


In a paraldoxicalI fashion, many of these feattures
which would make environmental degradation of 

southern highland 
 Peru so likely are precisely the

oles which have kept its grasslands intact. The

rigorous c1mate introduces natural mortality checks 

on ani mail pophultions. The long history of hurman 

ts(! would appear to have raised, rather than red uced,

the maximum sustainable yields of the region. Ar-

(:heologists hve described the long history of terrac-

ing mid irrigation systems in the area (Lunbreras

1969, Mason '1964). Most importantly,econonic anI 

sociAl factlrs discourage rather than encourage

overutilization of land 
resources. Individuals making

ratioinal ecronlmic choices 
 ill a sys temn with pu)lic 
access to important resonrces :h(ose to keep herd 

sizes and the percentage of land under cultivation 

vithin safe limits. As Ilardin notes, such cases are 

infreqIuent. 
This paper briefly describes climatic, edaphic and

hydrographic :fealures of the mountain grassland
ecosystems. It reviews evi(lence of the lack of envi-
ronnental (egradation. The land use system is pre-
senled and Ithe behavior of inlividual peasants in
this land (use syst em is examined. 

Several policy implications are driawn. In particu-
Iar, traditional cropping ancl grazing patterns are
shown to be efficient and adaptive, and hence worth 
preserving. It is suggested that planners pay closeattention to non-Western forms of social organization1
a(1 Ia nd luse before formulating and inplementing 

209 

ORLOVE 
developing programs. Traditional practices offer a 
number of concrete advantages. 

THE ENVIRONMENT 
The kind of Andean high-elevation grassland eco

system know as the puna extends from 8' S. in centi a l 

Peru to 21' S. in northern Argentina. This report
is base(] on twenty months of field experience in 
the provinces' of Canas, Canchis, Espinar and
Chumbivilcas in the southern portion of the department of Cuzo between 140 and 15' S. Shorter visits 
to 17 other provinces supplied additional informa
tion, but the description and analysis presented in 
this paper is limited to the four provinces listel
above. 

The puna zone ranges in elevation from 3600 to 
5200 m above sea level, although the altitudinal 
limits of the characteristic grassland vegetation 
varies somewhat. The puna grasslands are locatedwithin the sierra or Peruvian highlands, a belt t,f
high mountains between 250 andi 400 km wide lying
between the Amazon tropical rain forest to the east 
and the dry Pacific coastal desert to the west. The 
prevailing trade winds bring moist air from theAmazon towards the Andes. The moisture condenses 
andI rain falls is this air is lifted over the high
mountains. Average annual rainfall varies from about 
'100 to 850fmm with considerable annual fluctuation. 
In the province of Espinar, for example, annual
rainfall ranges from about 250 to 700 mam, with an 
average of 550 min (Orlove. 1977). Rainfall is highly

seasonal. Over 75'1'%. of the rain occurs from November
 
to March, and the months of June, July and August

rarely have any rain (Baker and Little, 1976). These
 
lands are drained by rivers which form part of 
 the 
Amazonian drainage system. They run through can
yons as much as 1000 in deep. As in other high

altitude regions, there is great diurnal 
 temperature
variation, as much as 450 C, in some areas (Custred,
1973). In one puna study site at 4000 in elevation,

the average annual temperature was 80 C, the dif
ference in average tem pera ttire between the warmest

and coldest months was 20 C, and theaverage diurnal
 
variation in temperature was 17' C (Thomas, 1973).


During the dry season, the shorter day-length and
 
the lack Of doUd cover permit greater heat loss from
 
radiation, and the nightly frosts are correspondingly

longer, more frequent and more severe than in other

times 
of the year. Severe frosts tend to occur more 
frequently in drought years because of the greater

heat loss (lue to the increased lack of cloud 
cover. 

Soil types vary greatly, aissurveys by the Peruvian 
National Office of Natural Resource Evaluation show
(ONERN, 1969). They tend to be particularly low
in nitrogen. The alluvial fill that corresponds to the 
more glaciated land forms closer to the tropical rain"1hhi idministralivy unis ino which Peru is divided form a
 
ihree-levvl hivrcurchy of district, province alnd department.
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forest appedis to be relatively richer in nitrogen and 
trace elements. The old lake beds of the areas farther 
to the southwest are poorer in these elements. Soil 
moisture varies greatly in different localities. In the 
provinces of Espinar and Canas, volcanic ash settling
in large lakes during the Quaternary period produced 
extremely porous tuff soils. Greater gl,lciiltion il 
C(anchis left less porous soils. The more extensive 
cloud c:over in areas closer to tl tropical forest 
also reduces surfae evaporaftion, 

Simill localized areas und1tit.r ol hectare in size 
retain :onsiderailt surfdate nis'irre throulghout the 
.veair. These ireis, known ats bIofed:ils in Spanish 
aid oqho in Qui:hul occur ii porous .qui-:: where 
ferous strat urn lis directly Ibove one that is lss 
so. If the interface is exposed hy stream in((isioll 
or tectonic inoveiint, watr seeps out from the uppor 
stratum. These areis are more common in tasterly 
regions close to the tro)pi( a fWrest becaust, of the 
greater porosity (,fgla.ial r .)rallits and seepage troll 
the extensive snowfield s lvinu abhv 5 2010 il. These 
fators also lead to greiater froUcy of hiedles 
at higher elevations: most oif theI ocu(:tlr il)oWe 1 -l) 
m. 

The vegetation is adlpted to this rather harsh set 
of circumstanc:es (Laker and Little. 19761 Tht domii-
nant form is the burich grass known localy is i hu. 
composed of i number of perennial sptriis ot the 
genera Stipa, tFstic,and Calmanarostis.°lbhv ,a: 
a single pattern (if growth. The dense, deply rooted 
clumps art 5 to 20 cm i i !i':neter oid 15 to i( 
cm high. The grasses propagte thenselves h1)th 
vegetatively by filtering and reprodct.,ivfy hyvs.ed-
ing. The fornier method is more importan, sinet. 
less than I ";,of the seeds germin tt. It iA11,.d 
to grow undisturbed, the clumps take on tht shp, 
of a ring, as the outermost shoots grow up each 
year during the warm moist months of th, raiinv 
season. WVhen the ring is between I and 2 mn if) 
diameter, it begins to breik up into smaller clumps. 

Smaller gra: ses and forbs grow at the base of !ach 
clump. These plants, at most a few centimeters high. 
find the microclimaite adjacent to the bunch grass 
favorable. The taller grasses offer sor, protection 
from the wind. They increase the availiale. noisture 
since dew ;and frost that collect on the bunch grass 
drip to its base in the early morning. 

Other plants are also important. Cushion planls 
occur in the bofedales. The bramhes or culms of 
the plants are crowded next 'oone ajnother, so that 
only the tips of the most recent leaives are exposed 
to the surface. This growth form reduces heat loss 
during the dry season in these habitats where walr 
is not so limiting. The Kikuyu grass (tPennisemum 
clandeslintim) which has invaded fields at lower 
eleva! ons causes problems in clearing lands for 
cultivation; it is not found in significant quantities 
in the punas. 

THE LACK OF ENVIRONMENTAL 
DETERIORATION 

The lack of long-term precise descript ions of soil 
quality in the Andes prevents precise measurement 
of certain indicators of environmental degradation.
However, other sources of data denmons!rate that 
common aspects of deterioration of mountain envi
ronmlents elsewhere in the Andes and the world 
(E(:kholin. 1975) are not present or present only to 
a limited extent in the pula of southern Cuzco. 

Erosion and landslides are virtually unknown ill 
southern Cuzco. The few instances which were 
observed occur imrnediaitely adjacent to roads, where 
no retaining walls or dirains were built. Iml)ressively 
steep hillsides overlooking deep (:anyons showed 
little or 110 erosion. Terraced fields in locations with 
slopes over 45' ():cUIr in i number of places. 

Agricultural mud pastorml yield appear to be rela
tively fixed rather than declinin'g. Written records 
of yields by individual peasants and landlords are 
virtully lacking. and aggregate production statistics 
,Ir(brief inl nrelialeh. However, interviews and 

urnlistiV reports indi(;ate that yields have changed 
tlIt.ively little. Records of the volume of wool 

exported fromn the region show a,constant level 
illhotgh these datai offer only an indirect measure 

oi actual )ro(lction (Orlove, in press). 
'['best ftors all suggest thait the puna grasslands 

ar. relatively uideteriorated. Cultivation and grazing 
have not (Lanaged vegetative cover to the point of 
indutcing erosion and landslides. They have not 
reducedisoilqualitytoanextenttogenerate declining 
%-ifhls.Pre-Columbirir systems of terracing have been
iaintained. although few, if any, new terraces have 
hen built and the irrigation systems associated with 
the terraces have declined. 

LAND USE SYSTEMS 
Two tvpes of Lindiuse systens coexist in the puna 

grasslands: transhumantipastoralism and long-fallow 
agriculture. Both types of systems have heen prac
ticed ii-. !ht region for a1 least one thousand years. 
These will he examined in turn. The rural popula
tions of the puna grasslands of southern Cuzco are 
Quechua-speaking peasants, who live in small vil
ladges amd sciattered house c:lusters (Flores, 1975). 
Population densities are relatively high (12.9 inhab
itants per square kilometer) and nearly constant; the 
annual rate of rural puna population increase has 
remained under 1 % for several decades.This small 
increase is in sharp contrast tIoother mountainous 
parts of the world (Eckholm, 1975). Some of them 
own their lands, and others work on private estates 
known as haciendas which have recently been turned 
into cooperatives by Peru's Agrarian Reform Pro
gram. A fuller (lesc:ription of their demographic 
history and social organization isavailable elsewhere 
(Orlove, in press). 
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Cattle. sheep, llamas and alpacas are the common
herd animals. Although some peasants raise horses,
donkeys and pigs, these animals are much fewer
in number. IHerdingactivities followan annual cycle.
"'rrnshumance is practiced in conjunction with theseasonal appearance of certain grasses. Individual
herd owners have access to pasture through several
mechanisms. Some communitie, and kin groups
have permanent rights to grazing lands, which any
of their members may use. The laborers on estates 
or liacien(las have access to hacienda pasture for 
their own animals. In both cases, agricultural fieldslying fallow are open to grazing to all members of
the conmmuniv of kinship group or all hacienda
laborers. The Agrarian Reform program has expro-
pria ted the haciendas in this region and turned theminto cooperatives. FHowever, Ihe laborers continue 
to own herds individually and graze them on tie 
pastures of the cooperalive; the herds of the coopera-tive are also grazed on this land. 

The herds areTainv moved to lower areas early in t heseason, coinciding withlhe appearancr of thenew low grasses anid fors in moist areas and aroundcempsof bunch grass. These small plants form thechik of the animals diet, but they are suppl mentedbl other sources. The previous ears' growlhebunch grass, moistened by the rains, andgthe n 

shoots of the bunch 
grass which appear late in the
rainy season, are also ecleibh. As the rains continue,
water flows aigain in stream bIeds aind collets in
small depressions. Certain forbs which are adapted
to growing in these moist areas subject to frequent
shallow inunlation provide still another source ofpasture. These plants all begin to dry up after the

rains end. The animals are taken to higher elevations

in the lry season, where permanent pastlre can be
found in the bofedales. This 
pattern of movement
avoids the hailstorms and heavy snows in higher
elevations during the rainy season. The exposure

to greater moisture al these allitudes produces 
 re-
spiratory tract infections in both ani mals and hunmans

(Orlove, 1977). 


The fleece is sheared from alpacas and sheep, and

sometimes from llamas, early in 
 the rainy season,
so that the wool can grow back during the warmest
months of the year. The annual slaughter takes place
at the beginning of the dry season, often before the 
move to higher elevations. This reduction in herd
size coincides with the greater scarcity of pasture
during the dry season. The first months of the dryseason are also the time when meat is preserved
by salting, followed by drying through exposure to sun and frost. This freeze-dried meat, known as
charki, can be stored for a number of years without
significant spoilage. 

Important products from the transhumant pastoral
production system include wool, meat, hides and 
dung. Approximately 101% of the wool is used locally 
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by weavers and other artisans. The rest is sold totraders and storekeepers, who sell it to large corn
mercial firms which export some of it. Textile facto
ries located in the cities of Arequipa, Cuzco and 
Lima purchase the rest (Orlove, in press).

Dung is also an important animal product. It isthe most common fertilizer and the principal source
of fuel. Sun-dried dung is light and easy to transport
and store. Alpaca and llama dung is particularly 
easy to collect, since each herd has a special site 
where they defecate. 

Agriculture is generally restricted to sheltered
places in elevations below 4200 m, although culti
vated plants have heer recorded as high as 4450 
m. Major crops include tubers (potato, Solanrum
tuherosum; oca, Oxalis crenala: olluco, Ullucus tU
berosa;afiu, Tropaeolumtuberosum),grains (quinua,
Chenopodiim quinoa; cafiihua, Chenopodium pal
lidicaule: barley, Hordeumn vulgare), and legumes
(fabas, Vicia faba) (National Academy of Science,1975). Fields are owned by individual peasants orlandlords. They are acquired through inheritanceand purchase. Grazing rights on fallow fields,however, are extended to a larger set of individuals.
As in the case of the stock-herding haciendas, thesepatterns have continued after the Agrarian Reform. 

There is a fixed pattern of crop rotation. A field
that has been in fallow for seve-ral years is first
planted with tubers. Other crops are planted in the 
next year or two, ind then the field is left to fallow
for three to ten years. Fields are located on slopes
rather than on frost-prone flat areas.

Planting takes place early in the rainy season.
Furrows are made 1by turning earth over with a
foot-plow (chakitaklla). Grains are planted in the
furrows, and tubers and legumes between them. In 
some areas with gentle slopes, the furrows are placed
vertically. They cut across the contours instead of

running parallel to them, 
as is the common Western
practice. The shallow blade of the chakitaklla does
 
not (Jig deeply enough to cause erosion (Gade and

Rios, 1972). This pattern of vertical furrows allows

the fields to drain in years of heavy rainfall; contour

plowing would hold the water, rotting tubers, and
in extreme cases producing landslides. The vertical
furrows help retain soils through the formation of
lynchets or pseudo-terraces (Wade, 1972). These
lynchets are an example of the benefits of the long
history of cultivation in the area.

Animal dlung is used as fertilizer. Experiments
indicate that there are considerable increases
yields after application of dung. A study carried

in 

out in the district of Nufioa near the study area
showed that a standard application of clung increased
the available organic matter in the upper part of
the soil by nearly one-third, and significantly re
duced porosity (Winterhalder et al., 1974). 
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The growing season coincides with the rains; 
the timing not only assures the crops more moisture, 
but also incri.ases available sunlight and reduces 
risk of frost. The tubers are cultivated once or twice 
during the raily season. Additional soil is heaped 
up with a small wooden mattock from the furrows 
onto the ridges, This practice reduces the growt h 
of adventitious tubers and weeds. 

The crops are harvested in the early and middle 
part of the dry season. Tubers are dug from the 
earth with a mattock. Sickles are used to cut the 
grains and leguumes. They are! sometimes threshed 
and winnowed in the fields, alIthough that is per-
formed closer to the dwellings on other occasions. 
Grains, legumes and some tubers are stored in sacks 
and in mud brick enclosures., ThI high altitude 
encourages late maturation, however, lessening the 
period of storage and quatities stored. Some oca 
and certain varieties of potato are prepared by 
freeze-drying during the part of the year when hard 
frosts occur nightly. Peasants consumresome of their 
harvest, and sell or barter the rest. There is consider-
able demand for agricultural products outside the 
region. 

The crop rotation and the fallowing are both 
maintained by a single system, the laymi (Custred 
and Orlove, 1974). This system refers to a set of 
laymis on the lands of a community." The laymni 
average between 50 and 250 hectares in area. Each 
one is divided into a number oif smaller. individu-lly 
owned plots of land. Both the laymis and the plots 
have boundaries. but they are not fenced. 

The laymi sections in a laymi system go throigh 
the same sequence of planting and fallowing. In 
any piven year, all the plots in each laymi are either 
left to lie fallow or uniformly planted with the same 
crop or set of closely-related crops, such as quinua 
and cafiihua or oca. olluco, and aiu. For example, 
a community with a six-laymi s3stem might have 
one laymi entirely planted with potatoes, a second 
one sown with barley, and the remaining four lying 
fallow. The plots within the planted laymis are 
privately owned by individual peasants. During 
fallow periods, however, pa.;ture rights are open to 
all community members. In the next year, barley 
would be sown in the laymi which had been planted 
in potatoes the previous year. The laymi with barley 
would then pass into fallow, and the land in the 
laymi which has been lying fallow longest would 
be plowed and planted with potatoes. The rotation 
would continue until, in the seventh year, the first 
would again be planted in potatoes. This long-term 

2'rhe term community does not refer specifically to the peasant 
communities (comunidades campesinas) which have official 
recognition from the Direccidn de Comnidades Catnpesinacs. 
It is used to include a variety of forms of locality based 
organization in which groups of peasant households have (ie 
jure or de facto rights to specific lands (Leeds, 1973). 

fallowing reduces nematode damage to tubers, since 
the cysts cannot survive for more than three or four 
years. Ideally the members of each household own 
at least one plot of land in each laym i, so that they 
will have access to all the different crops that are 
planted. Ilsone commnunities there are two laymi 
systems in different areas. The partit:ular sequence 
of crops and fallowing varies from cornn unity to 
community and between systems in cornmmunities 
with two systelns. Some individuoals cultivale land 
outside the laymi systen. Some of these plots are 
gardens located inside corrals which are temporarily 
withd(rawn from use by aninials. The accumulated 
lung offers abundant nitrogen, and the walls of the 

corrals reduce evapotranspiration by protecting the 
plants from winds. Other individuals cultivate the 
plots that they own inside a laymi after a shorter 
fallow period than other mmnbers of the community 
use. 

There art several points of similarity bet ween this 
land use system in southern Cuzc:o and syslemi 
found in Iie Alps and Himalayas (Rhoades and 
Thompson, 1975: Brush, 1976). These feat ures in
elude a mixed agriculturail-pastoral production sys
tem, seasonal movements of herds, complex patterns 
of land use rights, pastureland held as a common 
property resource, imt er-householdo cooperation in 
proluc:tion tasks and strong ;ommunity regulation 
of lan d use. A similar case has been re)orted from 
highland Mexico (Collier, 1975). The specific pro
duction techniques aind form of social organization 
differ somewhat, but these underlying similiarities 
are strong. 

ANALYSIS 
Different mechanisms have preventel environ

mental deterioration in the two principal land use 
systems. Density-independent and density-depen
dent natural mortality checks keep aninal popula
lion low. l)roughts and heavy frosts tend to occur 
simultaneouisly. They raise infant mortality rates by 
exposing neonates to untustally harsh conditions and 
by reducing the pasture available to lactating 
mothers. The former ihenomnenon is density
independent; the latter has both density-i h.lpendent 
and density-dependent components. Infant mortality 
among lambs increases from its average of t1%, to 
over 50% because of these checks, and figures are 
comparable for llamas and alpacas (Custred, '1973). 
In extreme conditions, alult animals also starve. 
Individual herd owners often slaughter many of their 
animals or sell thern to stock buyers who supply 
the slaughterhouses in urban areas, lI'ven in good 
years, herd owners practice ;iannual reduction ill 
herd size at the end of the rainy season. A particularly 

dry, cold rainy season will induce them to kill more 
than the usual percentage. They recognize that the 
salvage value of an animal that has starved is far 
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lessthan ofa livingone. Indroughtyearsherd owners 
must purchase additional food precisely at the limewhen it is most scarce and expensive so they convert
their herds into cash (Orlove, in press). Taken in 
aggregate form, these decisions of individual herd 
owners may reduce the total animal population ofa given area by as much as one-quarter in a singleyear. The collective access to pasture does not 
prevent this reduction. Such years of drought and
frost occur frequently enough to keep animal )opLP-
lation size below the maximum sustainalble yield.

The agricuiltural sub-system has aIdifferent set ofmechanisis which prevent over-ut ilization of land 
resources. A shortening of the fallow period wou 1d(
increase the aiontl of land under Cult ivati(,n iIn 
any one yiar. This imciease would reduce the ap
plication of fertilizer per unit areaj, since the fixed
supplies of lung are not stupplemenled to a signifi-
cint extent by artificial fertilizer. 'he slow tbiog(,ochenlicil cycles ill the cold (r' punos require arniny
years to reslrre soil n rutrient s. 

The lavmni systemrri iscotiges individuils from
shortening Ihe fallow c:ycle. It (dos not entirely 
prevent it; ill rlill :o,. nu itil s i e Ille proe ln(i:=of Estpinar the fiillh%; p riod hitsthe last several 1tn red(iu:erd illre:ades from 12 Ito I or 9 years,
alternating with two :ars of cu Itivit ion. It is note!-
worthy till no systitn with fe!wer thin eight Ia yniis
has bleen observed to uni(Iergti reildu;ction ill the
numler of laymis (Custre and ()rlove. 1974). The 
systems aippears to pr(vi(Ie ia minim tin number of 
years below which the fallow period cannot fall;
in this way they prevent environnental degredation.

The ob,;ervance of layni regulations is not the

product of a traditionlti inental it whic:h prohibits
1)roitiltj;tmil entlit p ohif iftra whih itsists.ini(dividuals fron changing their custons. Instead, 

laymi systems offer con:rete iadvilantages to individu-
al peasants, despite the appirent illogic and ineffi-

ciency of the fragmentation of land holding which
it entails. Since all the plots ill 
 a lyni are located 

next to one another, younger and less expert peasanls 

may follow the Ia rd of others 
 in choosing whento plant and harvest. Ili this way, ti niiing decisions 

become collective, and all merulbers of the conmuni-

ty may draw on 
 a eroader pool of experience. The
formation of work teails is fivored bly the proximity 
of the different plots of land. Ily being close togetheranrd entering into freqLeni t conlact., tle peasants can
coordinate the complex net works of labor exchange 
more easily during the busy seasons of the agricul-Iural year (Custred, 1972). Il addition, the laymi 
system makes it easier to prevent herders fromoutside the connLinity from bringing their animals 
to graze on fallow land. It discourages such en
croachmen ts by i nslri ng that the weight of a iiLiin herof househols can be brought to bear oagait st theintrhoper hldi (vidal house1ho ts o l no t t le 
to exercise sanctions as effectively. Peasa nts who 

ORLOVE 
abandoned the laymi system would find the advice
and assistance of other members of the community
more difficult to obtain, and they would have greater
problems of the incursion of herd animals into their 
fields. 
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Combatting Forage Abuses and Social Problems for 
Atlas Mountain Berbers 
J. M. Teitelbaum 
University of North Carolina, Chapel Hill, North Carolina, USA 

The aiir of this paper is twofold: first, to analyze 
the forces causing rapid deterioration of rangelands 
and Berber tribal society in the Atlas Mountains 
of Morocco, and, second, to suggest an organized 
program to restore pastures and reintegrate the tribal 
communities of the region. The mdjor problem is 
swift, technologically careless transition from a sub-
sistence way of life to commercial sheepraising on 
hill lands. Both forage and people are impacted by 
flagrant abuses of the carrying capacity of the land, 
pushing the Inter-Atlas region toward desertification 
through deforestation, overgrazing and mechanized 
plowing of tribally held lands. 
THE ECOSYSTEM 

The Upper Moulouya River basin (32.5°N, 5W) 
lies between the High and Middle Atlas Mountain 
ranges in central Morocco. Upon descending to 1 500 
m as rushing streams. tributaries of the Moulouya 
form a ribcage of water channels across the foothills 
below snowcapped peaks. The climate is harsh and 
semi-arid due to a rain shadow and freezing temper-
atures in winter. Mean annual rainfall of 200-300 
mm decreases with altitude from west to east. Peak 
shower periods occur in spring and late atutumn; 
snowfall is unusual and winters are often rainless, 
The hill soils are brown-grey calcareous clays with 
rock fragments. Above 2200 m cedar (Cedrus at-
lantica) and live oak (Quercus iJex) forests grow 
on steep mountainsides, but the lower hills have 
been stripped of trees by man. The slopes are badly 
eroded, forming rockstrewn 'Mars-scapes" of red-
dish or slate-colored hue. South of the Moulouya 
River is the Aridh plateau, a windswept rangeland 

dorrin,ited hy worlvotd (Artenisia heba albl) and 
clurmps of alpha grass (Stipa tncissinia). These 
resistant shrubs afford cover to perennial and annual 
grasses and l)rot(ect the soil from ,rosion (Nutltonson, 
1961). 

Several se;mi-n(Jmoldi: Ilerber tribal groupings, 
originally from the Sahlra, lave inhabited the Upper 
Moulouya since the s(evententh century. They graze 
sheep, goat and catth herds (oi the foothill ail(l 
plateau collective rangelatnds. In recent years the 
numbhers of rlinanls, lpariitiulrly sheep) have ill
creased dramatically. The resultant ov(ergrazing has 
led to) considerable deterioration of pastures. Mike
sell (1946) estiites the carrying capacity off the 
ripper Moulouya range at )n1e small ruminanl per
five ha. Yet today over one hundred thbousaiI h al 
of livestock graze on about 2000 square ki.. over 
twice the estimated carrying ca)pacily of the grass 
cover. 

Sheep are four-fifths of Ihe livestock. Thei indige
nous breed of small hardy animals is adapted to 
the harsh dry cliniatic conditions andt limited forage. 
The adult average weight is 35-40 kg. aid fleeces 
weigh approximately 1 kg. La mbing rates are low, 
half the ewes per year, and lamh mortality i. high 
at one-third of the annual crop (Zakrzewski, 1.9(69). 
But the urban demand for sheepmeat and wool is 
so great that sheepraising has become profitable, 
especially for large stockowners of the ipper Moti
louya. Goats survive better in this mountainous 
environment by browsing foliage when grasses are, 
scarce, but they form only one-fifth of the herds 
as there is little preference for goal meal. A few 
head of cattle and some horses and mules are fended 
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near villages, the latter for transport purposes. Goats 
and cattle are used to provide milk and bulter, whilemeat of domestic fowl and goals is eaten by thellerer villagers. 

A cash economy in sheepraising has emerged overthe last Iwo dhecades since ".,ved roads linked theformerly ,.,,.; Inelr-Atlas region to the major citiesof the Moroccan plains and western Atlanlic coast.
Iarger slockwnemrs have increasingly exploited Ihe 
ltlr Momluiya tribal rangelanls hycircumventingc:ustomary indigeuois controls oii herd size andmovements. I'reqmmtly, urban investors associate

with lierbers to overstock sheep on the pastdrN, oftribal units, thus vidling restrictions on outsider 
use of the laud (IjfomyaYacl:hn. 1972).


The hciumaimpopulation of thw 
 lpper Moulouy'ahas also risen rapidly, having dublecd in less thanthirty years to a total of 468121 by 1971. Rural
Popiulaticn density is noiw 11-12 persons per km 2 

and nearly 91",, of the pejwople aire village dwellers.Four sm~all towis serve as administra tive aid market 
c;enters for the surrounding lBerber rural inhabitants(Royaioue ti Maroc, 1971). TheIl erber communities
of the Upper Mouliouya cannot expand territorially
as the mountains and steppes surrounding-the entireregion are already inhahited by other tribes. As theirlivestock numbers increase, the seasonal scarcity offorages be:onei miore actite, especially in winter
and late s inmer. This has led to widespread plowingcof the rangelands for feed grain cultivation, irrigated
cropping of alfalfa near the rivers, and cutting Oftree brmuchcs and foliage to fecd the animals. The 
area of ctullivation has increased exponentially sincethe 1960's as wealthier stockmien have used tractors
andi combines tc cultivate the hard pasture soils
(lRaynal, 19ti1). The resllting denudation of grasscover has raised the spectre of rampant soil erosionleading to a dusthowl effect in case of prolonged
drought. Ini short, massive abuse of the hill lands 

has resulted from commercial exploitation of tribal 

lands with inappropriate technology 
 (Nuttonson,1961). 

This ac€celerating transforma lion of tribal collective lands into open ranges and cultivated areas must
be placed in its historical perspeclive. The Inter-Atlas

Ilerhers have Icng been politically distinct from the 

c:etral government of Morcco's Arab 
 kingdoms,

France conqueretd the Sultam:y of Morocco 
 in 1912and creiited ia I)rlteclorlale government. Modern mil-itary forces penetrated the Atlas regions in the 1920's 
and nel with strong ierber tribal resistance. TheUpper MontItiya lerber federation was finally over-wheliecl in 1934. Sinc:e then the tribes have ex-changecd annual vows )f fealty tc the Sultan of
Morocco in return for his perpetual protection of
heir rights tc the collective ran gelands. However,

he French introduction oif ;entralizel administra-


lion via military rule has opened the toor the 
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outside takeover of Inter-Atlas natural rpsources
(Guillaume, 1946).

At first private lumber camps exploited the largecedar forests on the mountainsides, and the alphagrass on th, iateau was cut for paper production.
Since World War II these resources have been declared part of the national domain and are patrolled
by armed rangers. More recently, small government
mining and lumbering operations have been carried 
on, but the rangelands have suffered the greatestchange in land-use pattern. Conservative tribal formsof collective land tenure have given way to illegalprivate expropriation. The better-watered uplands
have been subdivided into fields for cereal tillage.After Moroccan independence from France in 1956,
this landgrab extended to the semi-arid foothills andplateau rangehnds. Deep plowing with tractors hassince reduced the grazing areas by half and seriously
eroded soils, hut as yet goes unregulated (Carter,
1966).

In the last two generations most of the tribal groups
settled in villages riveralong tributaries of thefoothills and terraced the banks for irrigated tillages.
Each village community has access to the surround
ing collective range hnd, but is reven..d fromengaging in transhumant migration by government
edict. The rigid administrative districts set by administralive fiat have divided off the foothills from
the plateau and higher mountains. The formerlysemi-nomadic Berbers were thus sedentarized, andchanges in land use have altered their economic
basis for Asurvival. nonocultural cash economy
of sheepraising for urban markets has led to concomitant increases in importation of manufactured
goods and refined foods. Meanwhile, traditional
social and] political cohesion within tribal units hasgiven way to class divisions between the largestockowners and Iaudholders on the one hand, andsmall farmers, graziers and agricultural workers on 
the other (Table 1). 

TABLE 1. Sheep holdings of Berber households
around the Aridh Plateau by socio-economic 

strataa 

l ocseholls Sheep iHoldings
Socdio-hconm-ic Strata (Pvrcenl) (Percent) 

Large shIocko.wners (2004- head)
Large handowvmrs 
Small farmers 
Simall grazier-cullivalors 
Nomadic herders 
Landless agricultural labor 

:.0 
9.0 

"2..0 
49.0 
5.0 

12.0 

27.0 
18.0 
14.0 
31.0 
9.0 
1.0 

"Adaplecd from Teitelsaum, 197.1. 
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ECONOMIC AND SOCIAL CHANGES 

The Aridh Plateau is located between the Mou-
louya River and the High Atlas Mountins; it has 
long been a collective rangetand grazed by mixed 
herds from the surrounding Berber tribes. Formerly 
this wormwood-dominated land was used primarily 
for winter grazing as part of a seasonal system of 
transhumant movement between the river and the 
mountains. However, seasonal pastures are no longer 
available due to administrative boundaries restrict-
ing the space to local settlements. Today the Aridh 
Plateau is grazed year-round. In a study of 1041 
households surrounding the plateau, data on sheep 
and other livestock is well as land holdings were 
obtained for over 4000 people, about 10'!;, of the 
Upper Moulouya rural population. The household 
survey was conducted in 1971-72 in connection with 
a rangeland grass-seeding scheme sponsored by t1w 
U.S. Agency for International Development (Fallon. 
1972). Table 1 describes the socio-econotnic strati-
fication of these 62 villages, 

More than four-fifths of the households practice 
small-scale cultivation on hilly plots along the tribu-
taries of the Moulouva River. Slightly more than 
half of the households engage in livestock raising, 
but only a small fraction still practice nomadic 
pastoralism. The vast majority of small graziers are 
sedentary and sheep husbandry is dominated by a 
few large stockowners an( land holders who control 
nearly half the commercial livestock. Large farmers 
use the range to grow feedcrops of barley and maize 
and produce alfalfa on irrigated lan d. Small farmers 
and graziers make up the overwhelming majority 
of the population, but possess less than half the 
livestock and little more than half the land. Some 
small farmers also cultivate land for large landown-
ers. At the bottom of the new hierarchy are the 
landless agricultural workers who gain a livelihood 
its seasonal farm workers and herders. Many are 
recent immigrants from the droughtstricken Sahara 
who now constitute ono in nine of the households 
(Teitelbaum, 1973). 

Observation and data analysis show t-it the 
modal-size Berber household in this study contains 
4-6 persons forming an elementary family group 
in thxge-fourths of the cases. The remainder consists 
of larger extended family households which are most 
frequent among the wealthy; men of substance are 
most likely to practice polygamy and to keep their 
married sons within their family group. Although 
large stockowners have upwards of 20(10 sheep, a 
typical small farmer or husbandman owns 15-20 
sheep and a few goats as well as a small plot of 
land. Most households possess a mule or horse for 
transportation and farmers have one milch cow. From 
their small flock the Berber household unit derives 
its annual supply of wool for clothing, bedding and 

rugs, its milk and meat, and cash from the sale of 
surplus lambs. Those without land or animals are 
dependent on sharecropping and wage labor for a 
living (Bouyayachen, 1973). 

HUMAN PROBLEMS 
The human conseqluences of economic change and 

ecological abuse have been remarkable. Berher ex
tended families have declined in size as the semi
nomadic way of life disappeared. The exchange of 
women in marriage formerly functioned to link 
in-laws to one another across tribal an(d geographic 
boundaries thus permitting transh imant herd move
ments into oe another's territory. Today, marriage 
no longer serves the purpose of arranging grazing 
patterns. Tribal groups have lost genealogical depth 
and the inter-tribal federations are without political 
authority since their suzerainty has been abrogated 
by government (Marx. 1974). 

As a result, divorce rates have increased to record 
levels leading to the breakup of over one-third of 
it sample of study marriages in the Aridh Plateau 
area. Divorce is traditionally easierand more frequent 
among Inter-Atlas Berbers than among rural tribal 
Arabs in Morocco due in part to the independent 
status accorded women by lierber customary law. 
Hlowever, recent developments have tended to un
ravel the affinal ties between families and within 
communities to it marked degree. Coimmercial pros
titution has emerg(c. with the introduction of a cash 
economy, as young divorcees of tribal origin migrate 
to the market towns of the Inter-Atlas to ply this 
trade. The process has been encouraged by it con
centration of military barracks in tipper Moulouya 
towns since the French conquest of the region, and 
it has built upon customary roles played by Berber 
women as dancing girls and courtesans. With 
independence, increasing nuniers of urban men 
travel to the region by au0to to enjoy the open brothels 
and to consume alcoholic beverages without fear 
of arrest (Teitelbatum, 1973). 

Installation of dozens of marketplace irot hels has 
been abetted by some government officials and 
evolved into a speci ilized income-producing Irade. 
In fact, some of the proceeds of prostitution are 
invested in sheepraising on the tribal rangelands, 
thus increasing the stock and contributing to forage 
abuses. Hence the Inter-Atlas has become known 
for the exploitation of its human resources as well 
as its land and livestock. Unable to develop tradi
tional stable family life through marriage, divorced 
daughters of the rural poor are the most likely recruits 
into prostitution even though it is considered socially 
shameful. A few of the best feiale courtesans have 
become nationally famous entertainers attached it, 
the royalty and high government officials in the 
cities, thus encouraging others to follow them into 
a career which offers dreams of stardom. Bult, for 
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the majority of women it is a lifetime trap of increas-
ing misery and disease, 

As pointed out by Raynal (1961) venereal disease
has tended to induce sterility among women. This
and divorce are major factors limiting lopulation
growth in the Jpper Moulouya. With Ihe decline
in sexual mores, illegitimacy has become common 
and ilny children are orphaned or abandonel. A
few Christian missionaries have taken on the func-
tioin of cairing for sick and parentless children-a 
most tin usual developnitnt in a Muslim society.
GOVERNMENT PROGRAMS 

Recent alempts to improve the rangelands and 
manage sheep production in the Atlas region have
failed due to poor organization and opposition by
graziers aind cultivators. Small herdsmen and 
noniacs fear Ihe Ministry of Agriculture-U.S. Agency
for Intrnalii l)evelopment grass-seedings andsheel)-bruteding trials which they suspect are pre-
ludes to expropriation of their lands. Prosperous

lndholders prefer to raise grain on the collective
lands using trictors rather than Allow Ihe range to
be used priniarily for grazing. Large stockowners
treait i the pastures as a "free good" for their herds
of sheep. According to Fallon (1972), very few
Berhers are willing to participate in forage denon-
sti tion projectls; some hjve resorted to harassment
of govern ment projects lyi plowinrg ill Ind slated
for graiss-seeding, removing fen(ce perimeters and 
even lurni rilnge Inlanagrilent depots.

'Ihese failures sthun in large part from a cotihi na-
tiot of ill lillilgenlent at Ihe local and regional
adniinistrative lveds, atnd conpartmentalizel iii-
reaucritic rigidities of Ihe central government. In
alempting to develop ecoiinically Morocco hasadoptel a French model of regional planning to
replace tt! French miilitary systern imposed on the
Atlas Mountain provinces. Allhough organized
along the lines of a modlern nation-slate, allegiance
to the central mitlhorily is mediated by traditional

tribal fealty to Iiv monarch anL his Islamic 
 line
of descent. Ilrice the lerber popLulalions of Ihe
Inter-Atlas are free to harbor secessionist tendencies

from the Arab stale while under quasi-military rule.


Central government policies since 
 independencte

have et:ouraged the development of private enter-

prise and market commerce which 
 has t:orne into
conflict with the customary systemLOf tolhIctive land 
tenure o the Berlbr tribal lands. This has led tomaldistribution of wealth and abuse of the natural 
resources. lowever, no imstitLutional Imechanisms 
exist to redress these inequities or to command the
aiherence of the populal ion to government programs
of technical assistance (Waterbury, 1970).

In point of fact , the Upper Moulouya no longer
contains trihally controlled collective ranges. The
hills and plateau are heavily overgrazed and a 
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stockman cannot maintain a large herd without 
exploiting the land for cereal production of feed
stuffs. As a result of plowing, forest-cutting and
overstocking, the system is evolving into a "tragedy
of the commons" (Hardin, 1968). However, this 
common pastureland (unlike the model proposed
by Hardin) is not inherently unmanageable; rather,
the tribes lack a means of enforcing their usufructory
right against incursions by commercial entrepre
neurs. The resulting land grab makes for abuse of
the fragile natural environment far more quickly than
the increase in human population. The real population pressure is an external one, the rising demandof urban people for mutton and wool which in turn
has spilled over environmental degradation on the
Inter-Atlas. The Berber society has undergone socie
tal atrophyasa result of government-tolerated misuse 
of its collective lands. 

A PLAN FOR REGIONAL DEVELOPMENT
 
By following certain criteria 
a rural development 

agency can conserve the soil and vegetation of the
Inter-Atlas, improve animal productivity and renew
the tribal social system. To achieve this set of goals,
tribal rights in collective lands should be reinrtat'd 
rather than eliminated. Hills and plateau shotld be
limited to use by transhumant herds on a scasonal
basis once again. Careful breeding, culling and
veterinary control of livestock will improve yields.
Feed crops of high nuiritive value can be raised 
to supplement forage when grasses are scarce (Nut
tonson, 1961). Provision of these technical services 
requires land reform and prevention of outside use
of the lands. In short, range management in the Upper
Moulouya demands attention to social problems as
well as biological interrelationships.

Although Berler society cannot return to the
seni-nomadic:, tent-dwelling ways of the past, a more
nmidern form (if transhumant sheepherding is now
possible. The Current rigid district boundaries pre
vent a cyclical migration of herds between the
foothills and the plateaus. The animals are cmncen
trated in areas where there is little food at c:ertain

times of he year. However, i new syslem of collective

land rise couldl build upon the geography of tribal
settlement. Village communities are located like
beads threaded along the tributaries of the Mouloya
River. 'ley form longitudinal chains from the foot
hills to the river channel with its tributaries as their 
cores. Tribal chains follow geomorphology rather
than disjointed atinistrative jurisdictions. By re-Lrawing district boundaries to include entire tribu
taries, herdsmen from all the villages along a stream
would have access to summer grazing in the High
Atlas and winter grazing on the plateau.

Each transhurning segment, termed a Rib, would
incltide a few thousand people from over a dozen
villages of associated tribal groupings as well as 
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a manageable portion of the colhctive rangeland. herds and will prevent the domination of the region
Rib members c:ould elect representatives to a range by large-scah sheepraisers. To return usufruct of 
management organization in order to prepare and the hill lands to the 1lerber tribal units will require
control the seasonal transhumancve of livestock, r,- close coordinatlion betwllen the rural development
solve disputes between members, and communicate task force a( I (Rib-cagv) orthend erber federation 
their problems to responsileh government officials ganization: in short, a new orientation in Moroccan 
of a rural development agency. A federation of Rib governnentil planning for regional progretss and 
units would form a Rib-cage and include the entire i:onservation of hill land resotrt:es. 
Upper M houlouya Territory. (These territorial divi
sions are named alte indigenous Btprher concepts 
of social structure, Hoffman, 1967). At a higher level 
of organization the Rib-cage federatiol would deal 
directly with all government agencies and adjoining REFERENCES 
poplil'tioils. ItiipIUw ii IL 117:1. .lnl)rfliiot ild Ilt',vg ()vin. (ihtoib-

The rural development ageny(:can providei federa- lished). I -..hrocco. Idial. 
tion mvlmlhers with access to ecolomic and technical Cay, N ( iti i.uwi' IM(;1,ii,'9'66ln'i ri.i:umIlnitj,' tihr 
assistancei ltd human services stch as better saniita- m:ol (). I 'SAD. MVishinglt,. I.C 
tion and health services. 'l'o be most effective it t:lil L, F. 19'71. "honin ti,'isihiity (it toI.n i'II'l I ulod
should be organizel as an inte ministerial taksk force 0 1,'I,pli'l(t lit lhit' ii,11Ii ti((JI'yild.,, 4ii, . 0,: 11.1h.
 
to coordinate expertise oii all aspe(:ts (f Inter-Atlas 'Ishid). I's.\I). RWlki.
 
problems, legal, administrative. econonio:, - i!)72 ,.iim 's,,), A ,y.iiii t
environ- 19. ,\t h] ini 1ildini 

mental, agricultiral. health and social. lii ewample.o fi I1 'ltijth I .lt). I .(-ii' i , 

prostitution and venereal (is ase prolhm s m ay li' (uilli,,i (i,..\ ,,,:U', iz . r, ,on;(.1 I9'1 l Ia,1 ,I, 
viewed as clh sely tied to e;oo()lm ic: iite(luldlitis . laud. li, C'liff.1 11912 , 93) P'.1L 
te lnl i rt s c o(n fl ic ts , d iv o~r r a te s in (] a m in is t r a t i vt, 1 .1'a . . 19 10 II l . lr ,, vd II,,t-,( , m , w ' ' i , Ih .! .!4 3 -48c e( l r i ,,, 

laxness. Hy policing brothels and elimninating use Hl 'ni, (; to).7 lH r liwi t it,iti,,,i.i lid 'ill 

of alcoholi: beverages, the vice a(:tivitis in the wMjiY sluitui' s i 11i,,l \ ,i H.I tii,: he 

maarke:t towns coud be si.nif(:anttlV rdtlund . (}Ill- n li, 1nidCIi' I, ,il+.c fl i,,:'!h, n, , u,II m, .Iti41,1ss 
sichrs cotuld be prevented( aCi'ss to thi brothels ,nil (d .\ th pl, ,1 ind I ;(l!hI,i., , ,':h
the ranigelandIs: Hls W plowing ()Ilhl Mikt-t. I) litOtr4;tihr ie se'- N1 'N%).!s.P1 , siIt I,.it,,
Serelv re.stricted. Withthe reinloduction (it lninigitI 1:12:441-448. 
transhUmnll(;, Marital b(Inds imay 1w Strengtheied. Niiht( )n. Nt Y lifl ;.'\iti It , tiii h, iith, li .\Ili, , .11b 
reducing the incidence ()f divorc, ,nI ,sl'llkmvH1,111111 ,11that (.tirrh.tlh' si,''2 ill ,1! thu 
propels divorced women into prostiitution. Reducid ,.. Altlri, dm' 1 i . , i I i, . . I)Ind i, 

4,d(em and fo.- sexual servi(es w ill also perm it the . Itllg 'a 1I , l! ,li,) lsl..,k .,, )l,,1,,,-,1i 

revival of tribal Berber norms iipposing pr(miscuity mi i. IW.;
and alcoholism . As econom ic cm d ith ns in sheep- tvn, 196. L I 1t1,1imr,.hl.,, Nt''I,,.,t. il,'l' n1101fil 
raising improve for small graziers the till bhe land E:cm,.iii.iin, 0. Siii lit Ati r,, X V oi-aT7 2:'81 .1-i, 
could be redistributl to the firmirs and agrIailttlltril P'ivaii, li Mru, 12971 i'111lii44 ,.NI',I,. hI .\ll, t,, ,1 ,
workers. tUnder these c;initlijin,.. i ,itris ti, inim- h! Rri.seni.'r.it (; ','wah h'ia/ ',,iii.4,t ,1 I/' I 1iiu. ,11t 
prove the productivity of herds ain(l ititi)t ge I 54(, t- u,.4', Itt.. IU, ,,1., I n-'rn t1t91i)d W (. ti 
management programs rlay prove more suicessil '. .t 19)73 L.a d,1','- I! 111 I111 , h11.1o',
Also, health meisures (co ld be! inlrodlu d to control ,Ifi40 ii'r4,r5 4, fit,, M,,4 .... ii24,..\tii h 
venereal disease lind prr viilee better S,ititjin a,md ' i,tli 1 lh, , . , .nlhss ,i,,,4t4C . , 

rn u tr i tio n . ,'1 ).. .N ., I ,.i , 
A m ajor elenlent in bluil(dinug the r(!dev(Ioprrt 'A, rtiir v [ 1i7t h1' i,,i,,i,. ,i th,, littlim , thi' .i, ,,1 

w ill he to find ways to enfor(:e rfstri (i ns on the ih. i., ,ll),Z 94 1v.,hl iill),,Id',i to', 
use of rangeland and Io elim inate oitside inv tlm ent /€,4( ... , , Am.i ,i I,il )iri,.,,,lit1I. Mn,,. ,.1 V.I,,n.
in livestock. This w,'ill assist in reducing the size of Mirisu ii'. I'Awi\luthin:i ,,t h Rtfirrl. ApuI,,i 
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The Evolution of Country Planning As an Alternative to
Urban Planning for Rural Areas 
W. P. Dinsmoor White 
Piedmont Environmental Council, Warrenton, Virginia, USA 

The Piedlmot I'nvironlmentll Council (lE'C) is anon-profi: citizens' organization, supported almost
entirely by private contri brlions and federal grants.
It has been in existence since '9731., ind currently
has a staff oifseven: tor pr'fessionals, one a(ministrator irnlI two se(retaries. Allhouigh he Coun(;ilIls n1 govi!err11i](irl , ollilority, it01 legal (){,'rli,5i i Iloosely coniprised nine-couly ,reaiof l)iedmontiorthe-n \"irgini;,. roughly iaurt ()) 0hlctares ill 
size. 11was estahlishe'd lto find lxiiit , v tofo il t se lofhnd, one which is rlhv la)n;ndll el(!vel-
oped igrriln comnities, ildld which might regulite
fhe si offlndi along conservition )rinciples.Neitheris Iling (hlle il mIosl rlrlal 11asiloft Ic [nited States.PtCL is a colcptluil Ixplriinil'nl that a'os, frli 
iConl;rill 1) {:lllllltlllitivl;ae's1Ihps current Iiidt ill" Ind cilizenss( ! p1s1e n is ill'id thllulli! Ito 
prilvidl';lbialance bitx,'ei develophilit on on illiandarid to shwirlshill lr1l resolrcl's o111v othell.

It is in e\lforilnent which 
 ilis prlimarily t ievision,hooth of th planning systemvinil its ,goials, illd
so1i'talittildli's lowilrl th,. "growth is good" syn-

of 

rdlll, (if tie l95('s ind 19H('s. 11is il; lln exper.-|litrll whic:h chll:e of scl

im1g. ais I fl(op, ht)(iint lit. 


Th"Il'l, are,1five prilirilr, %- ca ses of 


hils a ver , i,; ]dell Scee:l 'd-

Itle dheveloping
)r-'sSlirnithe isi! (f hld ill tIt- liedlllont region:

I. \Vnh,] ,tilt esio'rit \vi thi e!xla-jili'iscl(:li i.lpowers oft' lilit doli i wIll.
2. Sewer i horities 'ith l)his for rilaxillnuimln 

plol)iLition gr'owtl.
1. Po(wer companie s see'king h6 ever ircrlase lex'sitnil 	 effliir:'niy of ser've.
.t. eflighiy depirtlers 
 with plans for iew'arid!r httler roadls, Ir'idges wt inteichages.5*. 5 p'nl oil've(evelories wih eionoinlienai'kl5ilil'SpeS Vho seek loiper lawd iosts iloei highie' 

r'iif ts. 

Frequently Ihese agencies are [(l interested ina1resolnce-lased land ise system on' the c:ocerns

If the people of a region: lhey have interest nly
in oblaining Ihieir ailmns wilh illiliilum opposilionani Iroutile. Their independent acliiis aiid i:(:in-
plishrnenls do not appear to directlly affect lie useof rural lands, and are uisurally juslified onl sutchgr'oun(s. But ltaken together and cionsideiring \'hal 

each agency makes possi)le for the rest of sociely,the effects can be ponderous. The old maxim which 
says "growth goes where the sewers go" actually
holds for all five agencies! 

A REGIONAL PROBLEM 
In PEC's nine-(:(inty region, all five of theseagencies have been working their will for approxi

mately two (ecades. We cannot say thatill hill lnildS nlW, hbtll I ill we liveClSlrbly sure that 
inl'1955, L.eshburg and Warrenlon were still considered by many Washingtorlians to he Virginia hilllowns. In Reston'1965, energed in the middle ofg'ntly rolling farmland in western Fairfax County;
now%SterlingRest)n is consideredPark ;in(] Sugvrlandby some residenls ofRun (farther O1,1t) t0 
Ie an "inner suburb,'" only 17 iniles from the Wash
inglon Montlment. In 1IB6, all were several hoirs'
journey fron the nalion's cilpitol!

li 1876 we were a d(eveloping nation, with a fewcities sparsely placed at strategic locations alongthe coasts and rivers for transportation purposes.
Today we ill'(. predominantly i nation of conmuter
regions, with the hill lands heing those most attrac
live for residential purposes idl. Io most turhan 
workers, the rural d'stiniltion is well worlh the lime
expended iii getting th 'e. PEC's region has comiller colonies iintllwvkinid riltlre-lvers' hahitalions is far iway froim \\ashinglon as .Malvern in 
Madison Countly (100 miles), or Wilderness inOrange Coum.ly (75 miles). Our prohlern is simplyWashington's failure t) provide for and protect itsonce-liiplh rer:realioni fjicilitiesan donce-Ihartiifulin-town residenli l seclions. Tl'he PEC region has
hleconle 
fihel 

a playgr(ud for tourists and comuinl(ters.PEC's ninellrities are htinrriuml oin the w(est by 
summit (of the Blue Ridge irnd its Skyline Drive,a spring and fall paradise for' millions.'The region 

is hoindiled oin the south )y lhel!James River helowCharlolttsville and on the north by Ihe lotomac.1oth river's ill( snctumirivs for fish, wild alnimnals,
and a host of r'ecreational activities for people. Onhle nortlheas, the region is current ly hounded byIthe mass (ofmelrlopolitan growlh along major arteries 
into Ihe foolhills. 'lie Shenandoah National Parkis its primna fwic, scenic area, but Virginia has seenfit to nale Io less Ihan 27 critical environmental 
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areas in the region, all associated with scenic hills 
and streams. 

The region's population was 200000 in 1970; in 
195(0 it was hut 121 000. In 1970, 72% of its popula-
tion was classified by the census as rural: there were 
5.0 ha of land for every person in the Piedmont. 
One projection holds that the population will be 
250000 by 1980; others say it has already uxceeded 
this figure. 

The region's problems are not unique: too much 
growth, an l(too little ajbility to chmnel it properly. 
PEC was designed to overcome this thruligh dilca-
tion. research, application and inplementtlion of 
new technologies in land use, in conservation and 
in (lesign. Its progrjr currently consists of three 
major areas Of study on these probles: 

1. "I'hepreservition (of farmin,, inld Ltrnil,iiid. ind 
the acti,.'( stiniul,iio~n f ,i hl,,illhx. tfirilin q v~orm ly. 

to protect rura app arance and char,icter. 
2. The conservition and preservtiion of non-farmrn 

OIlen spaI( . incluiling forests. streamls ind land thalt 
is in ia statv if te,:(]oicll succession. or returingt ntr t, iceonecoogial rturning 
to at natural state ecologicailly, to lprtvent sprawling 
growth patttrns and to prote(t scenic resolrces. 

:I. Stinulition ()I (wn ind vill,ige growth and 
(dveclopmlent ito prto,'nt comintiied declin, of rural 
populaition centers aind lchi:otrtlizattion of rural 
servi :es ind livino areas. 

The specific tasks of this progoram are constantly 
in a state of i:hange depending upon the success 
of the effort. but the three areais ire i:nsidered hr'd 
enougoh in s;ope to deal with the, viriois social. 
political, economic. or physical issties thlizt enrgi 
in rural ireits whin dh-vlopiment propitsidls ir, in 
(:onfli(:t with sOi:ietvs (oals. 

FARM ING: PRESERVATION AND STIM ULATION 

The most imp(orlint long-ratnge iuse! of lnd ill the 
Piedmont is for firning, provided popuiatio i (coo-
tinues its in(;reis, Over the n!xt 100 years. Diw to 
the poor (clnlmic conditions faced y firmners and 
to the. continuing artificial incrds(s in ,ilaud vtlii!-
tion, the number of prldiitive f,irmsi in the region 
has declined by 17.4", in the rnost rev;ent fiyur 
period alone! T he; iaimount of Linil devoted to agrii:ul-
tral prodtc(tion lde(lined h Il.Mt" ill th Sitifl 
period, 1964-1969 (U.S. Censu, 1970). At these rates 
of decline, some may wonler whether farming will 
go completely Out of existence in this foothill area 
over the long range. 

Whether it will decline that much is not really 
the issle, however. What is it issue is the( effe(t 
of a rapidly disappearing farin economy and a 
simultaneously emerging urban economy upon the 
rural sociely, rural employment and the rural land 
use pattern. PEC's staff observation has been that 
the quiet, unhurried life and slow pace thought to 

he characteristic of rural areas are disappearing eveO 
more rapidly than the farm economy. These Irends 
can only be slowed through fundamental changes 
in taxation and land valualion policy and initiation 
of a program to educate the inhahitants of the rural 
area onl he potential advantages and disadvanlages 
of the growth and dwelopment syndrome. 

In 1973 1,PC organized its Farm Economic Study 
Cornmittee, devoted to working to resolve the farm
ers' dilemma. Several pitltrs, conferveiues, seinioars, 
and gential speec(htes have pltshed lthe issue Iefore 
the puhlic in al effort to edlicate citizens anl to 
change their attitudes toward unreistricted growth. 
The Comnitedso has studied the taxilx d valuation 
situation, td somemembers ha\e been instrumental 
in helping to forniulate legislation to alleviathel 
farmers' land and estite tax burd(ens. 

PEC maintains close hilisollnwilh the Coper;liveE t 's o e v c f V ri i oy (c n c h sit 
Extension Service of Virginia Polytechnic Institute 
and State lJriversit 'v t Blacksburg. Resulting from 
this hits he!n a wholh, series of land use s niinatrs 
devoted to deeloping a more equitahle sysom ofland use reguliliol for rural ire,ls in partict(ilar. As 
l xiph Vrniisuidfrwswllso egl 
o exa!Plh,' VWirginii's rurOl farrmrs will soon begin 

t enjoy the full benefit of t reilliti in lrritpt'ry 
taxes toil tssurint of long-term stltlilitv of farm 
use of lllid through pllrticiplation Ia v tlItiltIrily 
designtited ,agricutltural districts, largel.y (Ili( to tll 
efforts of these twit groups. In ai(lition, the governor 
of Virginia has appointed a new Land lIse AIvisory 
Committee to let with lhe evolution ofia state,.wid, 
land use system. 

PL.C Aso hats worked closely with sevril of its 
colnty jurisdictions to find inloviltive lillnnig4 
te::hniques toiprolect their lrimary itgricultortl amilsis 
from Il t hreit oi otn-agri:ulturil ievelopineli.
Iniheed, the: theno is perlvaisive in eer intl-oiritnited('la
Ird grdtth C ;n t i iisSve it rt i n! 
lproglrain PE(C co(nduci(ts: ')iv\-! Fari'n gn ! 

Two of Ihe palninl aliproiches deserve inelt ion 
here. The first, flor llltdotin Coutlty, is esse-;itally 
ato environmienlil resoirces invenllorv oif lail in thle 
couint , whiich shoiild he reservedi its Oipen )lmc. 
Th, slu(i cAls for the estiblishmemtti of st:eiiit: 
districts in il'arets which are primarily ig~riciltlllill. 
Special review lpritt:,ilrt's wulilmhe established it 
regulate future devilopmnent iii aiccoraillie with il 
stated ohjfi(:live of keeping the! district ch!ar Of 
intrusion of disrUiptive iinn-ligriiluilturl uls. The 
study has been a:ce(jteld by thl :ollnlty aind will 
Ie includled wilh chiliges in the, next revision of 
its coriprehensive plian. 

These;ondl, itscenic iialily inventory for lti'iiimieir 
(ounly, also is it part of i plan revisioi. 'lh(, stildy 
nade all invinlory (if all lands in tlhe coult' iiind 
assigned t S(;enic Quality Index inulber tIo e(very 
portion of the colnly. The index ionttainled three 
separate scales: oe(: each for agrariian land, wildlandIs 
and settlement areas. The ilevelopinmenl of thel scale 
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ilv)lved extensive participatlion hoth of the puhlic:
anc( of l)cal govern menlt. The county now seeks tomake agricultural and other scenic areas a part ofits zoning system, with special restrictions pertinent 
to such areas.
The soccessfl protection aind stimulation of farm-

ing inl the Piedrmont area will depend very heavily
upon lae acceptability of solch procelures. PEC's
future p)rgrain provides for a conlinuation of this
fmocus for at least Ilie nexit two years.

OPEN SPACE: CONSERVATION PROGRAMS 


In aldition to farming, protIecti on of nio-farm open
spl)e is iriother primary (Nif'area PEC's (ollser'ation
pIogram. l"orested land, streams, ponds, lakes anduused open land c:omprise approximately 15% ofall laid in the region. Near the Washington fringe,
11u:i of this land is held in corporate or spectlalive
oAwershi,. h'lie high \'altatioii of sui;la Ilds miakes 
itprit:litidly impossible to obtain them uider aprogra m of public ilclthisition. so the hlds generally
a,'vit (hvel)lpim(. In m(ore remote areus, such lan(ls
are still ripe for first and second home d(evelopipell
regairless of location or avaliabilily of services. 

There is litlie anyone cii (o whell Ihe d(eeloper
isreily to l)(-gint lonstriction, or' where Ihe nature 
of zoning for sutch lands is lurposely flexible to
the point of allowing virtally any urbm type of(hve;lopilelit through th permitted uses se(ti)n ofr
through rezouing. Most Americ~an property ownersinsist upon freedonm toiuse Ite iand or develop it 
(isthey wish, inl the Inure active developers are
willinlg to spelid vast aniolilnls to (hefen(l that free-
dni. The conservaition of open slpal:e is not usually
tipl)ernmsl in their mninds itsthey )ursue their aims.

PlC has he,,n working for two ye;rs to develop
itseries of private iiiativ'e opel spice protection
progrnis, as w.yell
as to find Iew ways to use tie 

pllnning systeml to pr()lect open 
spaice. The studiesgenerally seek ways to provide bcnefits through the
elimiiat ion of market value from, open lands, thereby

reducing Ihe properly taxes 
 orl such land. While
this has the a(Ivanhtige of allowing more people to 
llicipate inopen spal:(e progrilns by reducing their
need to turn tIoSpculativ, developnment, ithas one


inherent danger: it may cause the valtie of land,
already low inrural areas, to decline even further,
This might open the gale to speculati)on. So IPECs(eks to ac:cmnlplish a molli-facetedh program ofconserving opein space: through )lanning, through
vl hlitary gift, through creativie use (ifcondennation 
or thr'ough barlering. Although virtually no progress
(:an be made oi Ihe latter two, due to their :omflplex-
ily, a gr(at deal of progress has bee(n ladule oil
plahning nd vlluntary gifts.

Beyond tilhe Iwo examl)les cited 'above, there have
heen 
several similar achievemenIs which have
helped lo:al governments and their planners to set 
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in motion the workings of a sound open space policy
for their jurisdictions. But more important than
these has been the general enthusiasm of private citizens for giving or ('onating the development rights 
to their property voluntarily to a state or national agency set up to receive them. Historic Green
Springs, faced with plans for a state prison facility
and for extensive vermiculite strip mining in its 
area, managed to secure private donations of scenic 
easements on more Ihan 19800 ha of land as apreventive measure.PEC has conducted three scenic 
area studies to date which provide a plan for thecoordination of scenic easement donations by private
individuals wishing to override the zoning statutes
of their area by permanently eliminating any possibility of unwanted physical growth. At the time ofthis writing, approximately 9400 ha have been 
protected as permanent open space.

Scenic( easement programs have immediate at
tractiveness to both local government and privatecitizens, since they involve no maintenance coststo the coiuty or city, and since the donor retains
all remaining rights to the Lind. The land is immedi
ately protected from (levelopment considered to be
ott of (:hira:ter with the area, and the owner's 
property tix assessnmlit declines as a result. 

TOWNS AND VILLAGES: THE KEY TO
 
FUTURE GROWTH
 

APproximately 65.% of the inhabitants of the
Piedmont Region served by PEC live inl small towns
i(l villages, wilh ithe remainder scattered through

out the area on farms and small road-related residen
tial areas. According to PEC research, town and
village inhabitants occupy less than 5% of the total 
area of the region. The towns and villages of rural
 
areas are rot, in general, densely settled. 
 with a
 
majority of homes placed on rather large lots. Sprawl
has not been ii significant prolem 
in the past, but

there is an in:rease in sprawl-type growth 
 on anestimated par with metropolitan areas, especially

in towns within metropolitan shopping and employ
ifent influence.


Industrial and commercial growth isminimal in
rural areas, yet like the big :ity, such growth isaltracted by the economic advantages of open land
development and lower county taxes in the rural
fringes. Comty and town officials still generally
adhere to the old :hamber of commerce philosophy
that industrial and (:ommner(:ial growth is essential 
to the local economly and tax base, which is certainly
true. But, as there has always been plenty of landfor development, there has been little historical 
concern for Ihe evolving physical pattern of either
residential or commercial development. While towns
struggle for their existence, bedroom commuter col
onies, country club estates and regional shopping 
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centers spring up along major arterial highways 
throughout lhe rural countryside, 

The towns of rural areas provide a significant
opportunity to effectively soak up much of the 
sprawling de'elopment now taking place. This 
"sponge" capability, as it might hle called, can 
.ac(;olCo(Iatel ul to( 75% {Ofa commnrity's 20-year
propjction for population growth without intruding 
significantly on the community's peripheral open 
space reserves, 

Through careful de(sign and through a challige in 
attitudes on the part of landIowners towvard the 
proximity of neighbors and (t nsity of habitation. 
at giveln town may find tilt llealls to illcrease its 
population internally and to impr vits lving, envi-
ronnient at the same time. Pl.C has conducted several 
studies with this qoi in mind. At the coony-" ide,
level, a study has been mad,' for ill exis;ting ti"ls 
and villages of their iiitential internal tevelopment 
cpacities. and it has shown that approximaely 70 
of thei1990 population growth projtction (it Ihe, 
County Comprehensixt Develqment Plan mig,.ht be 
accomm1odated inl this line;,nr..A\nolnwr study. of 
iasingle town, suggests that ,pp roximatlv 7t) new 
habitation units might he ,ild d hwthe 2) !xisting 
units, along with apprt)riate p tOportiors f nw 
comrnnercial and institutional sp,:toi ani 4.8 -}
central ruea site. Ill(, ppu~llation (d IS = mill ii 
of the town might be,increasd by as much as 501)
without extending tiht town's preset :orporit 
boundaries or uiilding above two stories. 

Other stutdies show that ecor mi: viability I 
living quality (canlbe improvedtt.'tmtnlsuhstantiallyf htvis~throughl p-4.his am iti ust~tsrmti(
less ambitious cosmetic treatment of the visual 10 
pearance of the town, and ihrtm h prs rvation U 
its architectural and landscape resources. These 
studies have clearly shown that the de elopment 
of rural towns and villages pro'idtes the keyt" the 
growth problems currently being faced by ihe vast 
non-metropolitan rural regions of Ame.ric,. Social. 
economic and physical environmentaI issues are 
most likely to be resolved through a comprehensivetown development process. -

THE EVOLUTION OF RU RAL PLANNING 
PEC's farming, open space and town studies sug-

gest that, in view of the apparent need for a vastly
changed approach to land use planning for rural 
areas adjacent to population centers, there are some 
viable approaches under exploration. Conservation 

of scenic areas, productive agriculturaI and forest 
lands and of air, mi neral and wahr resources can 
only come about as a result of an integrated approach 
to development and resource management. A new 
planning process should seek to:i ordi, te develop
ment proposals withi maintenance of the farming
industry, open space protection, alld the existing 
town and village infrastructure network. It should 
seek to guide decisions (If g, vernrment toward an 
efficient physical pattern i d balance the provision 
of public services with the tax revenues which 
underwrite them.The, systen n eds to ie responsive 
to societal needs aid li)rssures, politic:al realilies,
all] econoini: constraintis, ind to provide ia workable 
structlre fo in"rir ting ties, in the decision
making process. Abov, all. the planning system 
ne ds to he attcntiv' to the pluralistic and shifting
attitudVs of individuals ill each (:coimiunity as they
relate to efficiont land utilization anid caiful man
(Igelllelit of liol-biasid.l risourcs. 

If tihe "contiv planning" prosi:ril)el above b
o:(oms a reality. so,o plalnning goals fur the rural 

regions and hill lands v.ill almost certainly beconm 
more allainalle: 

I. WV will be able to liitain n economically 
sound and sucially t r cinp alriclturd cm 

w i acllira. 
2. We will ie able to pruivi(l a blaince blutwev 

development, land use and community services. 
3. We will he able to prevent Ihe loss of rural 

podpuletionrs.tothe rattractive urban erphoynit 
centers. w.ill reWe ablch tot protectl thoserirurl] ieh,r a 
resources which provide the basis for virtually all 
econmicand sofil clivit. 

5. \Wecwill bee .oomiwild ,blhetocontrolibl ait)o ind piohtit, e ptturn' 
ot land use in rural regions, is well is the natural 
and hislorical (ontext which sustains it. 

6. We will tw able to look with pride 0l11 the 
quility of life our rural areas provid, and to pint

toal rm planni, process whih creatively and( 
agrssidh pr-oduces that quality of life.ggesivl
Land use planning does not currently atlain 
these 
goals. It has lakenl three years to dvelop an under
slanding of the region's soucial and economi: system, 
a l to specify goils for its Inlanagement, ;i\'en tle 
entrenchment Of the political and legal processes
which govern Ihesv systems, it may lake many more 
years to work out the means, ihe technologies, ;id
the appioximate directions for altituihl shifts in order 
to obtain the goals. 
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Nute Ridge-Half a Century Later
 
Silas B. Weeks
Institute of Natural and Environmental Resources, University of New Hampshire, Durham, New Hampshire, USA 

Nuite Ridge lies on the crown of a long broadhill about six miles north of Rochester, New Hamp-
shire, a small irind ustria l-coinrmnerc iaI center of ap-proximately 20000 people. The Ridge is located inthe town of Milton, population in 1976, 2200 (1 400in 1926). It is bisected east to west by a rural roadrunning from Milton to Farmington, which is the 
nearest general shopping area. Farmington has ap-proximately 3800 people. The generally north-to-south orientation of the Ridge is Iraversed by a single
highway on the southern half and b~y double or
parallel roads on the northern half. It is alongaxi. Ihat approximately 70 dwellings 

this 
are scattered,with adjacent fields sloping gently downward, giv-

ing long viewvs to either the east or the west. 

Old stone walls run 
 off into the woods or en(:ompiss the few remaining small cleared fields. Thesoil is foI the most part stony loam, a kind of generalmixed glmial till with occasionid granite outcrop-pings. The Soil Conservation Service classifies it 

as "P;ixton -lh1)lis-Wood ridge Association, deep toshallow, predominantly, well drained or excessivelydrained on rounded hills of the uplands."
The forested areas are third aind fourth generationmixed hard il softwood species with occasional goo l stls of white pine. 

HISTORY OF THE RIDGE 

The Strafford County rn,p of 11156 identifies NuteRidge as a major conmunity Iabeled Goodwinville. 
Today it is without identity on any mat-only the
marker ol the main road in the valley reading "Nute
Chapel" would direct one to it.

(;overnor's Road ol 

way 

tihe Rilge is an ancient high-which originally was tlie main route fromPort sn t1h hto Wolfehor0. It was constrtict underthe administration of Sir John Wentworth, last of 
the Royal governors. Some of his descendants werestill located along it ten years ago (Weeks, Corrow,Downey, 1967). It is helpful in tnderslanding theRidge to know something of its history. The follow-ing is taken from University of New Hampshire
E'xtension Circular 611, Nue Iid-ge 7le Probhlemsof a 7pimI Comm munitV.ack-Town(Woodworth,
1927): 

'l'he setting of Nute Ridge was a repetilion of earliersetltments elsewhere. A few families from Durhanl
and Madbury, thirty miles to the south, moved to 

the Ridge in 1800, and soon after that, others arrivedfrom nearby but older seltleenls From 1800 I)1835 
the people were busy building houses and barns andclearing land, but the work of developing the regionagriculturally came to an end in about 1835 to 1840.At this time the energies and interests of the farmers
turned from agriculture to manufacturing. Prior toown families1835 farmers producedland had foodfewand clothing for theira products to sell orexchange for the few things that had to le purchased.Most of the energy was used in Clearing land of trees
and rocks, and in building comfortlble homes and
barns. These people, like all pioneers, were busymaking conditions more favorable for better farming.(Summarized from an old clipping from the Rochester 
Courier, Rochester. N. 1-I.) 

(Note: The information contained in the secondsentence appears to be inaccurate. Governor's Road was built earlier anti in at least one or two cases,Ihere is substantial evidence that some dwellings 
were built before 1800.)

From 1835 on, one of the chief occupations inthe area was making shoes. Weekly supplies ofuppers, soles, linings, and other materials wereavailable, and formers took these supplies to theirhomes and brought back finished shoes. Women and 
children were wont to do their part and, as a result,the home shoe business grew. Eventually two major
shoe shops were establishedmanufacturing on the Ridge. Thislater moved to the villages of Farminglon and Milton to take advantage of the water 
power developed there. Although no longer dependent on water power, shoe manufacturing continuesto be a major industry in the area.

This brief history helps to account for the natureof the present agriculture of this region. For nearlya century, farmi ng has been of minor importance,

and the farms never have been equipped with modern
 
machinery.
 
The Ridge is fornamed Lewis Worcester Nute,a resident born there about 1820. lie left his home on the Ridge and made his fortune in Boston inthe leather trade. ie later returned and on his dealh(1897) left $10,000 for the construction of NuteChapel-the community church still in use on theRidge-plus an endowment of $30,000 for its 

support. He also established a trust that providesfor residents of the Ridge free burial plots in thecemetery located at the crossroads. 
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NITE RIDGE-HALF CENTURY LATER 

THE RIDGE A HALF-CENTURY AGO 

In 1926 the New Hampshire State College of 

Agriculture and the Mechanic Arts had existed as 
the University of New Hampshire for only three years 
when Professor Harry C. Wondwor~h, economist for 
the Agricultural Experiment Station, wrote Exten-
sion Circular 68. In setting forth his interest, lh 
stated: 

Many of the agricultural communities of New 
Hampshire are in a sound condition, and no one seems 
to question the permanence of this situation. Other 
communities are so depressed economically that few 
would doubt that reversion of the tield land to timber 
should be the logical trend. But there are commonities 
or groups of farms between these extremes where one 
is not so sure of the (:ase. Nute Ridge is oune of these. 

This Ridge gives one the impressioln of a once 
prosperous farm :ommunity which hits I(,in slipping 
back for some time and yet its location, two miles 
from Farmington. and seemingly good fields of tillage 
land make it difficult to undhirstand why it should 
not he as prosperous is sitnilar :ommtities in oither 
parts of this State. Nute Ridge. as evidenced by t ' 
splendid buildings and the general beauty of the 
region was once a prosperous and well-putul,ted 
community, 

Woodworth obviously felt that if the problems of 
this back country hill community couldIhe under-
stood and a solution found, valtable guides to 
communities similarly situated would he provided. 
He was a man of wide curiusity, as his list of 
publications while at the University attests. These 
range from highly technical time-motion studies to 
delightful speculations such as those concerning 
Nute Ridge. That Nute Ridge puzzled him, is well 
as intrigued him, is evident from the first paragraph 
on the final page of Circular 68. 'After mulling over 
conditions in Nute Ridge for many months, the 
following conclusions have been reached 

1. Young people should not be expected to remain 
or return to a community purely on the grounds of 
sentiment. The happiness aind welfare of people 
should be the objective. 

2. In New Hampshire, with ple!nty of rainfall, land 
not worked will soon grow to brush and can be 
redeemed only at great expense. 

3. NuteRidge, as evidenced by splendid buildings, 
was once a prosperous and well-populated commi-
nity, but at present there is every evidence of decline, 

4. 'rhe people are, for th, most part, intelligent 
and refined, but they have grown old on the job and 
there seems to be none to take their places. 'lhe 
atmosphere engendered by a declining agriculture 
saps the energy of even the most ambitious. 

5. If the general agricultural situation remains for 
many years as it is, certainly ihe country will not 
need the crops from Nute Ridge, and perhaps the 
best thing to do would be to set out white pine on 
the present tillage land. 

6. Without some organized guiding influence, 
Nute Ridge will cease to bea community. 

7. The filie brick chapel on the Ridge-with li
brary, equipped kitchen, and basement rooms-has 
possihilities of an ideal community center. 

8. Dairying will succeed better if combined with 
potato trlction. Reorganization %vili necessitate 
grouping several farms into one. Nearby cities offer 
good markets. 

9. The region should be especially favorable for 
the organization of poultry farms. 

10. Even if the community ceases to exist, timber 
will b'! of no small importance. 
What happened in lt! half century since Wood

worth's visith i tpicalf (:ek-town community? 
Worths sit toilt'jil back-tow commnty? 
Were his suggestions for coniln!.lnity adjustnment ever 
followed? low good were his prelictions of the 
future of Nute Ridge? How different is Note Ridge 
today from the sunner of 192i? 

GENERAL SUMMARY OF FINDINGS-THE PAST 
This sludy represents not only an tpdtte of Pro

fessor Woodworth's 1926 -itlrve', hat for certain 
items also allows comonarisons with data acquired 
from it detailed 1856 map and from it complete 
population and dwelling inventory conducted in 

1967. This latter information was published as Not1t 
Ridge Revisited (Weeks. Corrow, Downey, 1967). 

All evidence appears to suggest that this ba:k 
country upland area reached the peak of its develop
ment between 185t) and I81() when there was an 
active commttilty of ai)roxi niately 55 houseiholds, 
a general store, post office, schools and eniployment 
in two shoe shops. one of which hired approximately 
75 people. From this point oin there is it steady 
decline, which appeiars to ha',v- reached the bottom 
between 1920 an( 1930, the period during which 
the first Nute Ridge sttdy was being made. At that 
time it was possible to identify only 26 year-round 
households of which 22 had heads 60 years of age 
or older. At that point the Ridge population was 
51 persons, with only seven under the age of 18. 
Fourteen of the households at that t ime were headed 

by widowed or single persons. Subsistence agricttl
ture characterized the area with 17 units identified 
as farms with a total farm inventory at that time 
of 16 cows, 16 horses, 20 sheep, 1 pig and a few 
chickens. The only crops other than hay were 3.2 
ha of potatoes and 3.2 ha of grains. 

GENERAL SUMMARY OF FINDINGS-
THE PRESENT 

The population of the Ridge ha:F nearly returned 
to its 1856 level. There are 49 year-round residential 

dwellings, an increase of 23 since 1926, and 14 
seasonal dwellings. Gone are the store, post office, 
schools, etc.; however, the church and Grange are 
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still there. Church membership is small and the TABLE 1. Nute Ridge, changes in population,turnover of ministers frequent. However, there is housing and land use, 1926-1976 
a Sunday school and it is piobable that it will show some growth. Unlike Ihe low point of 1926, there Item 1926 1967 1976 are today 50 children under the age of 18 livingon thbe Ridge. The total population of year-round Numbers
residents is 147-about triple that of 1926. Total units inventoried 41 51 73In terms of numbers but not percentages, the Non-rsidenlial 3 3 4elderly population is almost identical to that of a Residential 38 48 69half century ago. There are 23 persons now who Vacant 10 3 6are age 6() or older, compared with 22 in 1926. Seasonal use only 2 10 14A particular characteristic of the Ridge has been Year-round 26 35 49the numbter of households headed by single people. Housing Type

Fhrre are 16 such units at Standard
present €:onpared with Mobile home 38 45 57NA" 3 1214 formerly. Twelve of the 16 are headed by women, Population-year-round 51 103 147mostly older widows. Twelve of the 16 households Age 18 or under
contain only one person. 7 42 50 

Age 60 and over 22 27 23 
Widowed or singleHousing 14 17 14Population-seasonal NA NA 40 

Land use-farms" 17 12 12Of the 69 dwelling structures on the Ridge, 12 'Totalha' NA 1035 1309are mobile homes, 9 of which have been placed H-a open land' NA 93 144there since 1967. Besides the increases in mobile Livestock

homes, 11 new standard construction dwellings were Horses 
 16 5 2tiill between 1926 and 1967, and 12 since then. Cows 16 56 51Other dairy or beefIn other words, the growth rate in the past ten years Sheep 3 13 1720 24 7has exceeded that of the preceding 40 years. Pigs 1 4 6An unusual aspect of housing on tIhe Ridge is Chickens 438 350 136Ihe (ontinued presence of several vacant or dilapi- Households with garden NA NA 47d:ted dwelling units. In there1926 were ten such Households with home wood use NA NA 27units and in 1976 there were six. In addition to Households present (luringthe various classes of dwellings, there are two previous survey period NA 9 26prolpert ies with barns only. 'NA = data not available. 

Census definition,Farming I1ncrease in total ha and ha open due to increased units 
identified, not newly cleared land.Using the census definition, we can identify 12
 

farms at present, only one of which caii be considered

commercial or a full-time farm. This is a dairy unit HALF-CENTURY OF CHANGE-SOME FINDINGSwith approximately 50 cows. It contributes much The Ridge's population has increased into the agricultral quality of boththe area by making year-round and seasonal residents. The proportionextensive use of what wottld otherwise be idle field of seasonal residences is much greater now (22%)Ian(1(1hat is scattered Ihroughout .Sev(n fa milies keep than it was a half-century earlier (71.%,). However,a few clhickens, and two keep pigs. Seven sheep in the past ten years there has been no change inanl sonime beef callI; are kept on itsecond farm that the relative proportion of year-round seasonalvs.has been used continulaIly since settlement of the housing. The growth that has taken place has beenarea. fundamentally for residential purpcses. FarmSevenly percent of the households have family numbers have declined from 60% to 19% of thegardens anid just under 50% cut varying amoutnts active units on the Ridge. Their absolute numbersof woocl for home use. have decreased from 17 to 12.
'he total land holdings of the 69 units identified Besides the shift toward 
 residential use and thewere estimated to be approximately 1 300 ha, over decline of subsistence agriculture, the other mosttwo-thirds of which are contained in eight holdings significant change has been in population structure.of 40 hit or more.Land still open is slightly in excess A half-century ago, 43% of the total permanentof 101!1. of the total acreage. All of this is either population were 60 or older, and there were onlyin small fields or essentially backyard areas. 1lay seven persons 18 or tinder. Today, more than oneand silage corn, it few Christmas trees and some third of the present inhabitants are 18 or tinder.timber arid cord wood are the principal crops. Persons 60 years of age or older now make tip only 
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NUTE RIDGE-HALF CENTURY LA TER 

16% of the total population-an almost complete 
switch in age distribution pattern, 

The Ridge population now. unlike in earlier times, 
contains many young families in the age range of 
20 to 40. Employment, except for five self-employed 
persons, is entirely off the Ridge, and in several 
cases, out of state. Sixteen of the households are 
retirement families. 

Today, the Ridge contains an almost totally non-
homogeneous population. This population, unlike 
50 years ago, is widely diversified in age and (-
cupation, including unemployed, retired, lahor, ser-
vice, skilled trades anid the professions, such as 
teaching and medicine. At least half atdozen house-
holds have members with post-graduate degrees, yet 
even more contair persons with less than at full 
grammar s(hool education. With the exception of 
two or three teenagers, there is unaniimus aitritmitthat the Ridge is a ,great l:e t live. )ny on e 

household exlpressed a desire to leave. However, one 
gathers little sense of a tight-kni t oinitinity interns 
of any' social organization. F'ew patterns of social

ii falmilies 
old1 timers. Membership in the ;rage. the Note 
Chapel, and the cemetery as:ociation is extreniely 
limited as far as Ridge inhabitants go. 

visiting appeal-, (:xc(pt ong relalt(,d1 or 

THE PAST IS PROLOGUE? 

IHlow (o !hese present-day facts relate to Professor 
Woodworth's earlier conclusions? 

1. There is some evidence that he was wrono il 
I 

saving that young people shouldn't be: eX)ected to 
remain in the area as a matter of sentiment. Residents 
of all ages expressed strong feelings for the area 
and many noted past family coinnections in the 
getiet l region if not specificallv on the Ridge. 
One-fourth of all households had eiher past or 
present relatives on Nute Ridge.

2. As predicted earlier, much of the open field 
land has reverted to brush an(I woods. 

3. The state of decline in population. in activily, 
and in quality of housing that disturbed Professor 
Woodworth 50 years ago has ben reversed, 

4. There has been a grouping of several farms 
into one as suggested. This was largely accomplished 
by use of leased rather than purchased ndl, 

5. There is no evidence that some new form of 
centering influence has arisen to create ',strong sense 
of community, at least in terms of social or political 
ties. The Chapel. with all its commutnitv faCilities, 
has not fulfilled this kind of c:entering function its 
Professor Woodworth hail hoped it mighit 

LOOKING AHEAD-SOME TENTATIVE 

In this summer of 1976, we, like our predecessor,
also have been mulling over the data collected. These 

tell us a great deal about what is, but do not 
conveniently array themselves to either tell us why 
what is came to be, or to tell us what will be. We 
find that the best we(can manage is the speculation 
that follows: 

wvill inot occur, even when roads are rather minimal 
and no convenient shopping facilities are available. 

2. Relatively inexlpensive land or land available 
through family sources, plus lack (if a strong build
ing, zoning, or similar codes, Wn(ls to attril(t familis 
of limited means, both retirement and seasonal, or 
people who can (d)illleast some of their ovn Iome 

con shtcli'.ni 

3. Despite the rural atmosphere and available 
space for hone loud pr)duction. such prodution
is limited almost enlirely to gardens. Also. of the 
.7,families with gardens, less than half either canned 

or froze food for iff-seasoin use. Seven families ketl 

Twenty-seven families tll or some wood for home use. Thus, rural living1 is iot necessarily synonymous 
with independence from outside soUrce!s of eitlher 

food o)renergy. 
4.Despite unavilability of uii stol)ing services 

aind total lack of puhli: traltsp)rtlI ionl, a sulstailtial 
numher of (elderly people and single pweison house!
holds prefer to live on the Ridge than iintowns or 
villages. Perhaps retiremnt housing and rur l trans
iWrtatior networks, while desirable, are nt as s

n i adeira le.s. 
sen1tial ats seen!I by social paluIS 

-a 


5. In almost 1(, (ifthe househols, ve' f(ound 
strong an( positive identification with Nute Ridgi 
as a place and war of life, even though soiial 
interaction with nerighbors was limiled. Apparently 
it sense of (ommunity can exist base(d upot identitv 
with the physical location, without strong horizontal 
ties of social institutions andi eto:'omic class. 

(i. In general, it semns possid) ! to conclude tihat 
hill country life is alive and kicking, appar-ntly due 
more to the physical combination of highway ac((ess 
and availability of land than to the presenc( of tither 
strong social or economic structures. (lotr ohserva
tions of Nute Ridlge do riot at this lime suggest that 
new forms of community structuores are elnergilng, 
or even are likely to emerge. 

7. Despite the lack of identifiable social inlerac
tion, most households are aware of the ac;tiviti:, 
of neighbors through an invisilble informalion net
work. This chara.teristic is l)robalbly one of the more 
unique aspects of relalive rural isolation, where the 
comings and goings of neighbors are fairly visible 

and 	when formal social interaction is lacking. 
In any event, we conclude that Nute Ridge today 

is soiling a very different course than that plotted
by Dr. Woodworth 50 years ago. What that course
is remains as difficull to predict now as it was then. 
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The opinions of the residents of the Ridge agreeon three points: 

1. Growth is undesirable for the Ridge.2. Growth will occur on the Ridge.
3. Where, what kind, how much and when growth 

will occur is unclear. 

Finally, are there conclusions that might be drawnfrom a community developer's point of view?
Certainly the response could be yes. There needsto be a mechanism established which would facilitatesocial interaction among this group of inhabitants 

who, despite diverse backgrounds, share such astrong sense of place. In 1926, Dr. Woodworth
expressed his hope that Nute Chapel, with its meet-ing rooms, library and kitchen, could perform thisfunction, 

Currently, several other suggestions come to mind.In 1967, we proposed some form of communityproject that coull be shared by both seasonal andyear-round inhabitants. One suggestion called forimprovement of the Nute Spring as a wayside area.A very obvious current factor is the large numlberof young people under 18 years of age on the Ridge.No 4-lI club exists, yet persons with the necessary

time and skills for c~lub, leadership live there. 


Another ssiil s 
 witi ,he rich human re-sources present, especially among somie of the older
residents. These resources include extensive ed ucalional backgrounds iandI skills, including such li-Verse occupltions iaslogger, doctor, farmer, builder,bee kveper, skilled inechanic, sawer, enginreer, 
green house, opera tor, inuiirse and organic gardener.'l'hese contain ,great potential for the eslablishment
of ifcommn11nity self-learning project-the bringing 

WEEKS 
together of neighbors who would like to learn something and neighbors who would like to teach some
thing.

A final possibility-and perhaps the most realistic,given the long-time history of lack of individual 
leadership-is some form of group response to aproposed zoning ordinance. Recent unregulated
growth in areas adjacent to the Note Ridge havecaused the Town of Milton Planning Board to conelude that the time has arrived when decisions mustbe made concerning types and location of growth.The ultimate result will be land use controls in the
form of zoning.

The irony and the sadness of these suggestions
lies in the fact that this small upland community,which for so long has resisted being "organized"internally, may be forced into interaction by external pressures. For example, it is quite likely that therewill be no 4-H club unless the Cooperative ExtensionService takes an aggressive role in organizing one.There is even less chance of a community self-learning project unless the School of Continuing Studiesfrom the University of New Hampshire furnishesoutside leadership (Fried, 1974). Finally, if a Ridge
group response is organized to zoning
a proposal

(an external happening), the response will be reactive
 
instead of proactive.
 
REFERENCES 

Frit.d, R. 1974. Visions of community learning in New Hampshire1994. S(ho)l of Continuing Studies, Taylor Hall, Univ. of NewWHks.shi, Dorrow, i. W., an Dcwney, R,197. Not, RidgeSlas hir.vB, dov e ,R q6 .NDorrh~,1-.. n 
revisited. Univ. New liampshire Ext. Circ, :ui9. 

ig 

\WoOdw0rth, IL C. 1927. Nute Ridge-The problems of a typicalbacAk-town community. Univ. New Iampshire Ext. Circ. 613. 

227
 



40.
 
Hill Farming in Relation to Future Food Policies
 
H. F. Breimyer 
University of Missouri, Columbia, Missouri, USA 

The impulse is almost overwhelming to open this 
paper by parrying the assigned title if not the focus 
of the entirc H-1 in relationconference. ill farminig 
to future food policies, indeed! It would he equally 
appropriate to omit "'hill" and speak of farming in 
relation to future food policies. Only in the last few 
years has farming in general been add ressed in terms 
of food policies, 

In the same vein we can consider the topic of 
another session this morning, titled, -Crop Produc-
lion on Hill Lands: has the Small Farmer Be(n 
Bypassed?- In recent months I have attlnded two 
international symposia in which the central theme 
was the hypassing of the small farrmer everywhere-
on flat lands and hill lands: ;old lands and warm 
lands: wet lands and dry lands. In the northern 
hemisphere, the southerr.: the East and the West. ' 

But even as I suggest that in relition to food 
policies farming ats a genus may fit better than hill 
farming as a species, I add quickly that in the 
agricultural history of recent deca(les hill farming 
has been treated disparagingly. In earJy days of the 
U.S.. pioneer firmers preferred high land. in order 
to keep their horses' feet dry, if not their own, aid 
to avoid malaria. Later, the preference reversed. IHill 
farming became d(e:class(e. Ever since, in topo-
graphical snobbery level land hits been regirded is 
high class. hill ias low. Apart from progress in 
drainage that made lower terrain habitable, the 
introduction of tillaie machines sped the shift in 
preference. Machit-es function best on flat land. 

Moreover, as though to clinch the derogation of 
hill farming, we gradually came to believe that big 
machines on flat land, with associated technology, 
could produce ' iough food for Al. ly the mid-twen-
tieth century ,arplus was fear(. IliI land was 
therefore seen as superfluous, 

Also contributing to low-caste stiatus for hill land 
were notions about soil (onservation. It was thought 
that sloping land erodes but flat land does not. A 
last source of hill land's obscurity was the new 
acclaim given livestock feeding, in displacement of 
ancient foraging. Mtich grazing of livestock takes 
place in hilly country. 

S-rposiu were the World Foodt C~onfvenre (if 1976 h~t(t 
towa State University. url 1. 1976;erd th e7ihlttigl 27-Ioty n 
of Ihle International Asso;ialion of Agricultural E:onoins~ts, 
Nairobi, Kenya, luly 27-August 4. 1976. 

The major event of the 1970's that shocked agri
culture worldwide and that extends to every produc
tiveacre on Earth was the tightening of food supplies . 

The world food situation was quickly lahelled 
"crisis." International food conferences were called. 
Even in our country we lost our confidence that 
supply will always exceed dlemand, that the horn 
of plenty will stay full if not overflow. Paradoxically, 
we have become more self-conscious about our 
domestic food capability not becaise we lle ili any 
danger of running short of food for otir people, nor 
even because we have committed ourselves to accept 
world responsibilities. Rather, the reason is that we 
export to fool-short nations in order to get foreign 
exchange with which to huy the oil, chrome, lin 
and hauxite that we say we need: and we ill! fearful 
of not getting enough of them. 

To decipher this perhaps cryptic language, the 
United States is so eager to export farm produicts 
hecause only in that way can we iay for the importd 
materials, petroleum above all, th'at we believe we 
must have. Literally. we iare tra(ling yellow :orn 
for black oil, mnd thereby ealing less mieat, milk, 
and eggs in order to hurn more diesel fuel and 
gasoline. 
ESTIMATES OF THE WORLD FOOD SITUATION 

This brief confession that U.S. worries ahout food 
producltion stei in part from our insistence on 
buying oil and other minerals does not invalidate 
the genuine and well-hased apprehension ahoitl 
capacity for food production in the Jnited Slates 
aind all nations. But is we adldress the (:il)acity 
question we find, unhappily, that concern is real 
but oniens few. Events to (late demonstrate not that 
food shortage is certain hut that food ahindance 
is uncertain. That is to say, the only honest i p)praisal 
is that we (1o not know what the future has in slore. 
My own judgment is a hit negative, for reasons I 
will explain, lnt the only responsible starting point 
is the admission that evidence is inconclusive. 

The histori(;al record, nevertheless, is (:.r 
enough. During the 19(io's agricultural production 
worldwide increased at a steady pace. It did so at 
about the same rate in Ihe food-aloindant and the 
food-short nations. B;ecause the for'iner hid Ithe 

Ihe greaterslower population growth they enjoyed 
increase in food peir person. litl ven in food-short 
nations produoction outran population slightly and 
average diets improved. 
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The food-abundlant nations got most of their foodgains through technology, that is, by intensifying
cultural practices. The food-short countries also
profited from new technology, especially that of theGreen RevolLtion, but they dhpended in part onacdi ng new acreage to their l]nd in cultivation.

Il the 1970's the picture has modified. Everywherethe rate of increase in produ ction has slowed. Food-short countries have been harld pressed even to keepil)withlpopulation. African nations notatbly havebeen unable to do so; they have slipped backwardin food per person.
ELEMENTS INTHE PROSPECTIVE FUTURE 

)ebates abourtt prospecls for the future turin onfive issues: rate of technologic:al advance:; qlantityand quality of new land; availability and cost ofindlustrial inpuls, notably nitrog(n fertilizer; inslitlu-tional reslrictions; an(l thal old friend or non-friendof aigriculture, the weather. I will touch (n each,though not in Ihtll order,

Perimps most conlroversiail 
 of all is th( state ofafflirs regarlding d;tlturil technology. Debates runIhe gallmut of (alleged) atbsence of vewscientific

breakthroughs c:ooler support to angriculturial rv-search, pr(occu:pation with big fatrmers in humidaireas to neglect of small farimers in drier places,and restraints imposed for purposes of environ-mentall prolection. There ii'e grounds for some I:ssi-
iaisi.Wilh regard to available nmw land, anlthough ill-
J'ressive statislics can he quold ahoutl howgood hold oin Spaceship EarthI remains 

much 
to be devel-oped. this modesl :itizen begs to he allowed some 

sk pticism. To l)e sure, some goodonely ceharinlg. draining land requiresnl/or building access roads.But a mon solber ju(tgment is that most of tihe l)lanet'sgoodlndl has Ieel pitl to producltive tse. Tlhai whichre:maiins is ioorer. 

As a l e(:onomist Ica:innot aippraise tle dire l)redic-
lions voiced by Professor lryson at Wisconsin, lPro-


fussor Mc:Quigg at 
 my school andi(ogists about other iet(corol-the world's weather. They see it as
w(,rs:ning. It would be anti-intellectual 
to reject theirwarnings summairily. 
Ilow imporlant are environmental restrictions?

They are confined to relatively few countries. For 
my i)art, I suspect that satluration of soil wilh
chemicals would 

some 
evenlally prove injurious in any(:ase. Limiling

may not he 
their ise for anti-pollution purposesso imlortant. This too is difficult toesbmat acc(urately. Invironmental rules may reduceoitput a little biul my judgment is that the overalleffect is not grel. 

Acts of man have al ways been as muc h an iipedi-mnent to agric:ulture as Ac:ts of God. Some govern-men ts slill do nolt give eilcugh support to agriculture,sonm ten lire systems keep gootl hlnd underutilizecl 
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and some tax and tariff policies inhibit the best useof agricultural resources. The least to be said is thatthese are no worse now than in the past and may
in fact be improving slowly.

The big unknown factor, in my judgment, is theterms of availability of industrial inputs to agricullure. Il so-called developed countries such as theUnited States the technological revolution that hasadded so much to productivity has been built aroundthose inputs. Most of them tracc to the met''s andpetroleum. Nitrogen fertilizer is prolbably ' l. moststrategically crucial for the near term future. It isnanufactured primarily through use (of fossil fuelenergy. The Green Revolutic;n in other countries hasrelied mainly on access to the same industrial inputs.It is self-evident that the world's supply of fossilfuels is being depleted. Although political changessuch as collapse of OPEC could affect the immediatesituation they (:annwA prevent eventual depletion.And even if OPEC should splinter, it would bereplaced by a new group. Not least among sponsorswoull be the big 1U.S. companies for whom OPECholds a shelter literally worth billions of dollars.In the longer view other shortages also will affectagricuttr,-mineral nutrients, even iron ore.Conceivabl)ly, national governments could takesteps to protect the interests of agriculture in gettingfuel, ferlilizer and other industrial inputs. Only therichest nations could protect and subsidize liberally. 
Poorer ones simply would not he able to do it.For this reason above all others I join the substan
tial numlber of scientists who believe that reducedavailability of industrial resources will act as arelarding influence on agric:ultural productivity
worldwide. 

Having dev'eloped this argument, I reverse courseand suggest that the validily of my overall appraisal-or anyone else's, for that malter-is relevantonly in a special sense. Food policy for the future
dare not be based, it seems to me, on 
 the forecastoffered by one's favorite seer. It must rest on uncer
tainty itself. Any wise 
nation, including ours,prepare for the possibility of a shorlfall willin future
food supply. If a shortage (oes notl matrialize, we
will breathe easily andI yet he pleased for our precarition. If it does come, our preparedness not only will
relieve our anxiety but in some circumstan:es :ould
 
save us.
 

THE "PRODUCTION ECONOMICS' OF HILL LANDManifestly, insofar as tighter supplies of industrialinputs pul a crimp in our agricultural productivity,the vital role of all the world's land, including hillland, will be newly appreciated. This is axiomatic.Of more specific meaning to hill agriculture ishow the cnomparative position of hill land will heaffected. If cheap industrial materials including farmr 



HILL FARMING-FUTURE FOOD POLICIES 

machinery helped to subordinate hill land in the 
past, wvill their growing costliness act to reinstate 
those portions of Earth having a vertical gradient? 

This poses a question technically known as the 
production economics of hill verstus level land. What 
is the responsiveness of various categories of land 
to mechanical cultivation, to fertilization, to use of 
chemicals? 

Furthermore, insofar as hill lands are grazed, what 
is ihe production economics of forage versus con-
centrate systems of livestock produhction? This may
be the more pertincrnt question. Countries such as 
the United States have gloried in converting much 
of their livestock and poultry industries to intensive 
feeding of concentrate feeds, often done mechanical-
ly in large establishments. \%,ill higher priced indus-
trial inputs act to dampen intensive feeding of 
concentrates? %\'illthey give a b(ost to various forage 
programs including those based on hill land? li 
the United States during the 1970's to date the trend 
has I)een in that (lire(:tion. The clearest instance is 
feeding of cattle. which is no longer so intensively 
based on concentrate f(,,ls. The recent changes in 
U.S. grade standairds for beef accommoidatte changed 
feeding patterns. 

The hypothesis is that the trend to niore costly 
industrial inputs in agriculture will on balance work 
to the comparative advantage of hill lands. The 
reinstatement of their status may be the more notable 
becaus( they have been bypassed uMore than the\' 
should have been. Nevertheless. these are technical 
questions: they rest on the parameters of the (com-
parative) production economics of hill liinId. Speak-
ers who follow me on dlis prograin will hav.e morei 
(:on(:rete observations t,, (ffer. 

PROTECTING ALL PRODUCTIVE FARMLAND, 
INCLUDING HILLS 

My last comment relates to social policy toward 
protecting farmland for agricultural use. Again, the 
principle applies equally Io level land and hill land. 
In our vast United States, which closed its frontier 
only a half century ago, land has been regaried 
as so plentiful that it has been virtually treatedI as 
though it were eternally limitless. 'o some extent 
we have been the more profligate with regard to 
level land, not because it is more attractive for 
nonfarm uses but because it requir.s less grading 
to convert it to a highway, an industrial site or a 
suburban residential development. On the other 
hand, hill lands have had their own competitive 
claimants, particularly for recreation, 

I have no idea whether we hav'e been more sulc-
cessful in controlling erosion and otherwise con-
serving soil on hill lands or in flatter areas. My 
impression is that success has been mixed in both 
places, 

If attentiveness to safeguarding our food supply 
leads to policies to safeguard our land base, heroic 
measures will be necessary. Once more, they 
are hasically identical for all kinds of Iand. But, 
also as repelition, if our prevailing national attitude 
has been to subordinate hill counlry the greater 
trauma will be in restoring it to improved status. 
American citizens will readily fasten down Iowa 
sill loam to keep it from washing inlo the Mississippi 
River. They are less disposed to prothect West Virgin
ia's hillsides. 

To end where we began, a food policy for the 
future dictates renewed respect for Ihe land base 
for human survival-level land and hill land equally. 
But because hill land has been depreciated more 
in the past, it may he necessary to appreci, te it 
more in the future. 

REFERENCE 
Kirm. W.. I~75. Your fiod. NationAl Puilic 'olicy Ed l.alion 

C minnilt Pith. 5. Coop. E\I. Sir., Ohio State Univ. 

DISCUSSION 

L. Bagley (West Virginia, USA). Would you expand 
somewhat on what you meant by balance ill this 
situation? Also. you indicated that livestock produ:
tio:l woul(d switch back to forage. 
Breimyer. Since I have laken soire v'ery strong 
stands, I was trying to be on guard to siy, "Don't 
read me all the Other way. either." We're going Io 
continue to have feedlot teding anid the econor,iics 
will govern, but poliCy comeVs in to some. ex ent. 
For many years we paid an export subsid'y on grain. 
If grains beconne surplus-even wheat, which can 
be fed-will we aga in subsidiize exports? If we do 
we will restrain feeding to our livesto:k. 'Ih'ere are 
a number (f ways. most rather miriginal and subtle, 
in which policy enters in. 

Just before the oil erulbrgo began. we were talking 
in the Midwest ahout atually air-comditioning con(
finement feeding of beef cattle. F:ortunaitely, the 
higher price oil caie in time to stop most of those 
projects in their tracks. That would be going the, 
other way, you see, and I think Ihial's going overlmirdI 
in the way of str.ssing confinement feeding. 

fly balance I'm just saying we're not going to in 
entirely different kind of agriculture. 

I think thal e mioinics and policy together wvili 
force our agriculture away from what it has hmevi
row-crop, level-land, fertilizer-intensive. We will go 
to more mixed systlms with more forage. In he, ,f 
cattle, in Missouri at least, we have gone a little 
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more to "backgrounding"
and 

of our calves on foragewe aren't putting them on the concentrate feedquite as early. Now this is a change, you see. Not so many years ago we were putting calves in feedlots it 400 pounds for intensive grain feeding
market weight. Now the trend 

to 
is toward back-grounding with more forage annd pulting them inat 700 pounds, maybe, and only offering intensive 

concentrate for the last 300) pountLs. It's a marginalchange but significant. 

Another policy applicat ion would he if you 
wereto have in this country a new period of surplus 

anddIo youlowret ire landl andi backi)rices, and thecutquestionpro(l uct ion,would be,then which 
meaons that yuti t a bl cackfeed for livestock or doyo)u accept somnewhat hbwei prices but keep the feedflowing for ivetwsock? So there are what ilemarginal iceisitons that d relate to this matter ofhal an , t 

E. deVries (Pennsylvania, USA). I agree with yourlisting of the major factors that all lead into uncer-tainty. I woul like to under-stress an( over-stress
anothier of your views. I think we are able to move
in the (irectioJn of new technology, using microor-
ganisms. The miicroorganisms have noattire! t) mna hin a l therefore are( even~qhody tempermore teffi-
[ren than those of the ruminants and ot her animalsarid highe' plants il many cases. Soperhaps there 
is a new technology around the corner not MNly
in the IUniteil Stales hut in other parts of the worldas well. And Ilde second point has to do withenvironniental factors, sil destrucli[on, etc. \,l'I
yotu go to lie tropi cs aiid you read tie FAO reportfrom a icutple of weeks ago you %Vill see thil 250million hectares have hei'ii lost ill the last ten years.We [Iisc:ussel that two days ago-t he question ofsoil dstrt:tion. It might Ine very costly to bring
that lnd hac:k into prodtuction or mayb 
 it is lostfor hmIf a c(ntury until it woul returnito forest.
On this s onld Point I alin less opt imistic than you

thal we: find
will ainatral hialanic:e by the forceswithill society without a trene midotus international

effrt where again science, technology, instituLitiinal 

arrangemnents, and capilal will have to g together, 

I have,( at feeling that it shtumld 
 be the( conciterni of 

ietandific cirles in the ntrler prt i or in Australand Ne:w Zelan(I, theglobe, to look more nore so)uthern sec:to)r of (I,(!tia'n'.efiill ahe aIltl)pics Itas 

potissiiI ity and also 
 s a danger.

E. Leng (Washington, USA). I'd like to get a three-
way argument started hetweemi the forage cropanti te crop production peoplh arid the economists. 
It has to (do with your comrnmelit about nitrogen. The 

BREIMYER 

facts are that there are two pounds of elementalnitrogen in 100 pounds of wheat or similar figuresfrom maize and other crops and you can't get awayfrom it. I sensed from what Roy Hughes and otherpeople from the Welch Plant Breeding Station andfrom Britain said, that much the same thing holdsabout grass. You can't really produce grass withoutnitrogen some way or another. Now in the face of
this what are we going to do?
Breimyer. As to having to have nitrogen, yes; and
in my prepared paper I have one line saying thatin the wealthier nations such as the United States 
we can, if we want to, subsidize petroleum for 
agriculture. I should have put a footnote in-it isn'tas easy as you might think because everyone elsewants tG get subsidized too. Second, many of thepoor countries o,- the world can't do it as readilyas we can becausedo it with so they don't have theit's still a constraint. As an 

money toeconomistI can argue with you a little. To some extent
nitrogen also builds the base with 

the 
which you'reconverting sunlight. Some plant breeders think you:an find germ plasm, which improves the ratio ofconversion of sunlight for a given nitrogen input. 

deVries. In Los Ba nos we have just discovered that 
with the right combination of blue algae and aerationwe (can produce with new rice varieties on well-irri
gaed land as much rice without any nitrogen fertil
izer as you do with fertilizer. 
F. Sineiro (Spain). It seems to me that with thelegumes in the pasture we can release the pressure
for nitrogen and concentrate on putting more nitrogen in the (other) crops. Also, if you use the alterna
tive you can get a cash crop after several years
a pasture. For instance, if you put pa:sture in a rotation

of 

four or five years, and one year cash crop, you canget the cash crop with low level input of fertilizer
nitrogen. My point tois concentrate more on thenitrogen for :he other crops and to use as little as 
we can for pastures.
Breimyer. The main point tryingI was to make,if my observations as an economist are at all reliable,
is that we're going to have higher priced industrial 
inputs and particularly higher priced petroleum. I 

l don't thing we've seen the peak yet. I don't thinkthe higher prices hav'e worked themselves throughhe system and I thinkyet there are still enough
basic: economic principles involved that we're going
to have to make sure that we moreget value out
of these inputs ill the future than the past. I thinkthese realities change the cultural practices in agri
culture worldwide. 
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United Kingdom 
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Extensive palstoril systems hlonlilat the filrming 
of the hill and mountain rtegions of the United 
Kingdom and WVste rn Europe. Ditticult :limitic 
conditions lild to short grOwing sa.1sons lnti it 
(consequent inkikiice hitwetvn the potentiil stock-
carrying capa:ity in the sulmner in] thait o)f the 
long winter. Poorer soils. couphled wvilh stp slopes. 
limit possihiliti es finr (:Alt i ni aili n pie ,nlwnt 
of pitstures. ad. even where imnprovimnients are, 
possilh,. these :,an id nti leal to afurtherliiostly 'v 
widening oifthe differer, litwin stok-arryin 
cl)il:itv in the So millner a11 . iwili0 '1crnllllhs ilellltss 
foriage :o nservatifil is iliicra.l m the gra zin i s 
ext en tld . 

In idditioii tothe phvsiclI r:misti ll Is.many f 
the farms in lill ind nvmiit.in r(egions .re tiooi siaIll 

enclosed cttltivitesd land to rough grazing is much 
more favorahle. NevertheIess, these tpilanl farms 
operate often untler distinct disid'ilantages of soil 
mld clinite comipared with most lowland farns. A 
high proportion of the agricultural lind classified 
as rough graizing in the IK in Table I is devoted 
to hill farming and it hIs heen -stimitedl that out 
(tf i total of '18.7 million i ill the IlK, ne;irly It 
mill ol h is 1y and uplllind fiarmingulsed(l hill 
(N.E.D.O. 1973a). Approximitely 26i000 full-time 
farmIlillg units, aliut mnle seVenth ol all son:h holings 
in theI UK :ian ie :llnsi(lr,(l h fall into) the hill 
and upland fial'ming groups. Il illition, there are 
sonI 15()1(10 ini' onils hillI5 ttWi flarini.ng ill and 
oplnd InIs, inoilotiig hto roughly o i fifth of all 
UI K part-tim, h ings. Ab t t Otii nimitih f the totil 

in size Iffarm, r size, (of hisilwss to prvid a1 ibor Ia .r , is to ie I ind on hill and,grh:iltiirlI 
iledquile liv(dihood by lmodernl St'ilards. In many 
regions the poor sizet,strlture. in) sle :ises short-
age of c:apitiul. a1nd. in nltly other c ses ainaltoral 
conservatism. result in severe so:ial id ecionl)liC 
problems. ''he exodus of farmrs and their families 
from hill and nounihain regions. iei:cauisIif eoi:onmlic 
difficollties. often .dds to the soi:ial l)r(oJhllis. he-
cause of the growing per i:apita c:ost iifproviding 
essential servi(:s for a declining popolation. 

Nevertheless in the UK iin( \\'shrn E-rirope the 
farming of the hills andt notiniis is generally 
closely link(!( with farm ing on adjacent lowland. 
lreeding and filening livestock from hill farns are. 
to some extent, ess(!ntial to the (;i(icOiny of many 
lowland farms. At the siame timTI tIh neeCd to flill 
the hills and mountains, and to maintain imi ecimnom-
ically viahle population in those areas, ;an be impor-
tant to increase nationl self-sufficiency for food iind 
to provide the essential sefvices inl amenities for 
associated industries and aictivities such as forestry. 
water supplies, commtnity leisure pursuits aind 
tourism. 

HILL FARMING IN THE UNITED KINGDOM 
Most hill farms in the UK consist of a relatively 

small area of enclosed cultivated land surrounded 
by a much larger area of rough grazing whic:h may 
or may not be in the process of some improvement, 
On the other hand, upland farms are those operating 
under more favorable conditions of soil and climate, 
compared with hill farms, and where the ratio of 

ulanid f.rms, inclilinig somei 2510(1 ftull-linl and 
r'gilir ail-time lid workers, is well ias farm'ers 
and uinpiid finmily workers. 

TABLE 1. Distribution of agriculture in the United 
Kingdom (million ha) 

Emt-gold 

,id 1hnied 
I'Y 1) \;lf Sc:mlllid N. Ireland Kingdom 

Artith tol 
(iii.lluin 
iliiijil.lr. "I.'ISS) 5.6 1.3 0.3 7.2 

htriinlili grass 4.11 0..1 (1.16 4.1 
Rough riM.ill 1.ii 4.5 (0.2 (i.i 

F1t,1kIA .4 2 1.1 111.7 

suntrs.., .Miiistry of Atgriomiltire. i',hiis ,ind Fod 11175): 
Agriimlititor Slartisti:s 11173, IIt.MS.().. Del.iilthi: oJfllrlitinl 
Agrimlltm.o t'll Slltlith 11975); Agrii:hiiturd Sliisli .s 19173.f ,I 

II.MH.( ., Eitjulritih. 

Thiuese hill aid tupland farms are estimated to 
prodtc:. nearly 7% of the total gross oulpl (If 11K 
agriculturc This iicludes ahout 17% of thelol;l 
sheep and wooil output and 251. of cattle output 
(excluding milk). Iill farming in the (IK Illts pro
vides asignificant proportion of the grazing livestock 
output , partly is fat animals, but ma inly ats store 
stock for fattening on lowland farms. In addition, 
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hill farms transfer annually to lowland farms large The strong demand for extra land by some of thenumbers of breeding stock in the form of culled younger members of the hill farming communityewes from hill sheep flocks or young breeding cattle. is an indication of the recognitionThe stratification of the sheep industry between hill, 

of the need to 
increase the size of units. But land prices remainupland and lowland farms in the UK is often claimed high (reflecting the demand) and often out of reachas a major justificat ion for maintaining economically of those who wish to expand. In many cases thevial e farming units in the hills. This stratification interest and repayment charges on loans for landrests oil a founlda tion of pure-bred sheep dominated purchase can impose an intolerable burden on manyby the hill breeds which constitute some 57% of small hill farm businesses attempting to grow inthe total breeding ewe population. Table 2 indicates size.
 

the exlent to which hill sheep breeds, either pure

orcross-bred, conlributeh to lhe output of lamb carcass Government Support for Hill Farmingtea t (M.L.C.1972). The contribiution of hill and upland farming in 

the UK cannot be measured in terms of gross output
alone. Account must be taken of the cost of achievingTABLE 2. Composition of the sheep industry in this, especially the support from public funds. Inthe United Kingdom 1974-75 it was estimated that hill and upland farmersin the UK received special production grants

sIimflatid Outptl of amounting to some r£37 million out of a total ofNo. if Ewis is I.ndb Carcass Mivili C229 million in pu)lic expenditure on price guaran'eri-i'tlgi- (ifltoidis .jI'oerlti of tees and! grants to UK agricullure. In addition,Ihied Type tIrvedin Fhck loital Annual Oulputl hill
farmers received a proportion of the support for 
capital improvements as well as subsidy on rearedIill brids- beef calves and price guarantees on fat sheep andtIiir,-hrii 

Ilil! 
i cattle. The importance of these grants and subsidiesbri-Is- for hill farming is indicated in Table 4 where a,u,.s;ts-hritd IB comparison is made between hill and lowland farmfi .rtu,,,is-

h ing in Great lBritain in terms of the contributionorl-ld
t
 06 that grants and subsidies make to gross output and(tPl 'ibrovils- ne t incom e. 
ir'rss-hred ws Table 4 shows that. for Great Britain as a whole, 
:sis-hrt 2(1 defic:iency iayments, prodluction and all other grants

Iithtir ,:rioss-trctl 20 anounted lo 30% of net farm inc:ome, whereas0Ii,,ss-hrd forthe hill and ulplatidgrants represented areas alone such payments and11 ", of net farm.S cr,: M 1)l ivu.str:k C:ommissin (172) Sheep Ini- income. Forlowland farming in lritain the contribution amountnpnm mi'; t jfl,,iini.iu Rpiit M .. titiiiv, ed to only 24% of net farm incole. The importance 

of financial support for hill and upland farming isfurther illustrated in Table 5 where the contributionHILL FARM STRUCTURE that such support has nilade to different types offarming in the north if Scotland is shown. HereTti iany small holdings incapable (if providing hill and upland farniers received exchequer supporttinildeqliate inicone by oildrn standards has long amounting to 36 to 38% of net farm income inbteen a fealue of hill farning in the IJK. Tables 1972-73, a year when econonic :onditions were:iA and :WP shotw Ihe pisition for size structure in gool and its much I8 toas 111% in a poor year.termsilofstandard man-day requirements forlfull-time The crofts in Group VII in the Table represent anfarms. In addition, Ihlere are ianly thousands of interesting type of hill and upland farming. Thereparl-tiimei holdings in England. Wales anId Scotlai(I are over 290(000 of these small seni-subsistence typewhere th(et labor requiremenl is very nitch less than of farins, mostly in the west and north of Scotland.1 mailunit (275 ian-ldays). Ne\'ertlheless it is ceiar They are covered by special legislation and havethat iany occupiers of snall units are reilpred to a very poor size and )usiness strticlure. ain(] nianycontinue farming for ialow inalerial in:(ne. Surveys are part-time holdings.
have shown thill ile average age of occupiers of H ellese smaI let units is considerably higher than for Hill Livestock Compensatory Allowancesfarmers generally in Ihe U1K. Sons and daughters Up to "1975-76 Ile special production grants forare less willing to accept these lower incomes so hill farming consisted of bill beef citw anti hill sheepit may he that tilnie alone will provide s sie subsidies. In "1975 Ihese anounted to C24.50 per islliion 
to this structural prohlem, cow (including G5.75 winter keep supplement) and 
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HILL AND MOUNTAIN IA"RMING IN U1K 

TABLE 3A. Distribution of hill and upland farm types in Great Britain, by size of business 

England and Wales. 197(0 Scollal, 1971 
Size of Full-tline Farms Full-time Farms 

tousirwss
 
(Standard En~tand \ah's 
 Rearing

Maln-days) LM.S." L.C.S.' [.I.S." L.C.S." I lill ShvepI Upland With \rabhle 

250-274 ..... 49 2114 111
"7-599 328 2111 10111 3:300 546 24311 17:31I

600-1 199 .333 1405 677 1751 
 -107 I 7011 10112
1200-1 799 86 396i 130 259 147 -175 2711
1)100 and over 28 216 50 6463 274 14 

Totals 775 4 128 11175 5:373 1213 5 179 :14601 

Liv'st+c()k, mainly sheep.
 
"Livestock, cattle and sheep.
 
'Not separately re:oirded.
 
Sources: Nfinistry of Agriculturv, Fisheries inid Food (1972), Agricultural Census 1970. II.M.S.O. Lomdon.
 
Department of .Ag.iiculturv for Scotland (1973), Agric fltural Censu 11971tI.N..()V 'dinlnorgh.
 

TABLE 3B. Distribution of farming units re,..eiving TABLE 4. Grants and subsidies to agriculture in
hill farming subsidies in Northern Ireland, by size hill and lowland Britain, 1970-71 (million pounds)

of business, 1970 

Ivr.vitag, .d Aj\ Ilill irning Farming ''ot'l 
f'nl I'mils (Oer Ih'm G. lritain (;lIritain ;.lBritain 

Size of Busilntss Numbeir o! 50 S.M.1).S. in 
(Standard M,in-daysi Farm 1:nts N. Ireland 

Livslock granots 211.5 24.9 53.1 
(1the-rprodhctiol; grants 3.7 37.3 41.1 

Ullder 50 1 920 - Faitsock dtficitn(.y
50- 199 
 5280 29.4 paymets 12.:3 33.5 45.8
200-449 3000 25.3 Wuod suhsid if- 2.4 3.2 5. 6 
450-599 620 21.3 Cereal deficiencvy
600 and over 340 7.9 pay i Ins 1.1 27.1) 219.0)

Total of all sizes 50 Capital grils 1.8 15.1 :16.1
S., 1.D.S. and over 9240 24.1 :stiliiod nlllt 43.01iicolmln 540.0 5113,0 

Liveslok produoct ionSource: Ministry of Agriculture for Northern Ireland (1971). prantk isI
 
Agricultural Census 1970-5% sample. ll.M.S.O. Belfast. of net 

in:{oni- 66 5 9 
Licstock Jlrolhil~t(ion3.60 or £2.85 per ewe, depending on breed, for g1is. rindohle 

all beef herds or sheep flo:ks kept oin eligible land. giants, siisidivs ald 
These grants were subje:t t) MIaxin"fllm slo;kii.o defi:cilncy paymenits 
ratios of one cow to 1.6 ha and (6.2 ewis to eVer isi pirrent'eli of net 
ha of eligible land. Farmers mty have stocked more ilcme II1 21 311 
heavily than this butt would be paid only tip to the Calrildl giatlls iasI 
maximum rates allowed. This qualification was prcmntagdof net
introduced to avoid over-grazing which at one time income 4.) 11.5 11.4 
was said to result from the application of such Source: National Economi: leopminle EvlllOffice (197311) 
subsidy payments. ation (ifthe :r;Ilornnlic; Signific:anwe (if Agril:ulture in the I lills 

In 1976 the I-lill Livestock Conpensalory Allow- and IlIands of freal llrilain. N.E.I..Lnooln. 
ances Regulations were introt (i:ed t0i inpilement 
Directive 75/268 of the Council of the European farmer nust occupy at least hla of eligibleian di(.
Economic Community (E.E.C.) which is designed The comnpensatory allowances at the present liieto assist farmers in the less favored farming areas amount to L29 per head for breeding cows and L:3.60O
of the E.E.C. These regulations took the place of or 2.85 per ewe, depending oin breed. In any year
previous special support schemes and to qualify a the overall payment to any person (not farm) is 
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TABLE 5. Exchequer support per farm, and 	 PEARCE as a percentage 

Farm Type Groups 

I. 	 Iill firms 
I. IUlland rearing farmsM. 	 ixed farms (Catthe & 

shei)) 

IV. Mixed farms (AraIle) 

V. 	 Mixed faries 
(tutnsji,, pigs.I1t2)Y) 

VI. Iairy farrils 
VII. 	 Crofls 

All fii'is if) simiiple 

of net farm income; identical sample,
1970-71 to 1972-73, for the north of Scotland 

1 9170-71 
1971-72 

No. (if Support 
of 	 ofNel Farm SupportFarms 	 Net Farm(Ptl iii ds) Inconles (1otnds) 

i1 613 
itt 2012 

105 1 103 
29 916 

20 129 
M0 358 
17 046 

2:10 1 1511 
Siiri;: North of Scotland College of Agriculture (1974), Farm 

subject to a maximum of £50 for each ha of eligible
land. 


Ifill fairmers are eligible also for special rate pay-men ls under the Farm and I fort icu Itural Develop-Im1ent Scheme which is designed to help all farmersvh)se incoles ate below the national averagen-agrtitItitraI intsry, to improve 
for 

heir holingsand alchivve at comparable inconle. Grants to hillfar-mers may aount to 30'%. of the cost of erectinbuildings, 40'; for forage silos, 501% for road works,water supplies, fencing and land clearance, as well 
ts 15% ofto the cost of alny extra liveslo(:k neededii:hieve the approvedlplan. H)ldings eligible forstch ciipital grants molsl hai,, 1 a present ealrtiedincotnw not exc~ee(ding U3,000 per labor unit. O-viously iny eligible holding must be capable ofachiving theiminimum incomfle shndard after ira-

provementl, and for some smnall units this (coul beo(e oif the major problems. laving theinecessarycitpital resources to implement the plan, even afterthe allowances are tpaid, may present problems biutthe sc;hemw does include "G;uidanei premium" Plty-ements"' of 1;54 per ha over three years oil the landnecessary to supplotr the cattlt and sheep suitablefor meat production. There is i inlxinmitm of 100ha on \vi:h such a premittm will be paid (M.A.F.F. 
1976).

All in all, Iherefore, it seems that hill fanrers inhe IlK are generously Irea:tel in terts of goverinlenltsupport. Th is Support recognizes the low incotnesfrom hill farming itnd it seens tlial more and noreemphasis in lhe fiuture in these soupport schemesis to be placed on providing incentivyes to improve 

'Giv en to Ithle farmers I provide the necessary working capitalli 	 carry ont an approved ilan of farin improvement. 

Incomes 

111 1 065 54 
09 2307 51 

5 
56 1513 45 
33 1761 42 

18 2172 24 
10 719 10 
711 7260 01 
41 1 578 36 

1972-73 

% of
Support Net Farm 
(Pounds) Incomes 

1 935 36 
2400 384 	 03 

1445 23 
1040 12 

1424 9 
278 3 
7711 37 

1 351 10 
Incomes in the North of Scotiahd 1970-71 to 1972-73. Aberdeen. 

tile output of the holdings. The question is, what 
kind of return in increasing food output and reducingcosts can he expected from this national and E.E.C.investment in hill land? There can he little doubtthat many relatively small hill farms capable ofsustaining a one-man work unit or more wvill bekept in business where otherwise rising costs wouldmake it difficult to continue operating. How far sucha policy will improve the general structure of hillfarms, or will maintain a structure that is alreadyout-dated by modern staidards, is difficult to foresee. 

The Economy of the Hill and Upland FarmlProfitability in hill and upland farming in the UKvaries from region to region according to the severityof climate and the quality of the grazings. Someindication of the levels of output and incomes
achieved in relation to costs incurred canin Tables 6 and 7 	 be seenwhere the results for hill andupland farms are compared for 1973-74 and 197475. The figures show (:onsiderable between yearvariation innet farm income, reflecting differencesin veaiherconditions and prices ofproducts betweenthe years. In 1974-75, lack of conserved winter feedforced many hill farmers io sell their cattle in theaulmn months. This contributed to ail already 

falling market for store cattle because of lower pricesfor beef. 
On the upland farms that have a higher proportionof better land to rough grazings, the winter feedsupply situation was not so acute and farmers wereless Oblige( to sell cattle in a falling market. Asa 	result, Ihe net farm incomes oil the upland farms 

showed little variation over the two years. Theseresults emphasize the importance of weather condilions aind the dependence of the hill farms on pricesreceived for their products. If lowland farmers, who 

235
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TABLE 6. Average cropping and stocking, outputs, inputs, net income, and performance measures by 
size of business, 1973-74 and 1974-75, for hill sheep farms, Scotland 

1 2100 lind 
ovur SNWDSize (if 13usintss 	 275-59)9 SNIl)' (1(0-I 199 SMI) 

7.1-74 74-75Year 7J1-74 74-75 	 73-74 74-75 

31 	 67No. of farms 	 20 

460 	 1151 1 754Av. size of business (SNID) 

la
 

702 700 I 451 I 441 1 924 1 092Total area 
14416 11141 11109Rough grazing 675 	 673 1 421 

No. 
27 27 51) 64lreeding cows 15 15 

954 M5 1 711:1 1 70lriding ewes 44:1 	 490 

(1301Mi i 88 14439 12:144 29402 211t12Tot.1lgroiss outlpti 
3 164 4 H67 1691 9 1153 195l11) 234 10Total input" 


Not farm inconm 4 504 2 001 5 7.111 2 .)1 ti It13 5 :194
 

I)(rfornmicvc Measures 
110 147 119(;.()/1;100 input, 165 	 103 159 

2711 416 294 45) 36o5G.1)t:t1 Lib., 	 435 

327 212 327 223 321 254G.0/)1/"1 lab.' aid mia:h 

'Stinldard muan1l-das. 

!Exelhding liaor if farmer and wife.
 

Including Labcr of fccnir and wifie.
 

,ourcv: Departmen, of A-riculluw for Scoitlnd (1976)Scottish Ag4ri:uclturaul E:nomi;s 26. |t.M.S.(.. Edinburgh.
 

TABLE 7. Average cropping and stocking, outputs, inputs, net income and performance 
measures by size of business, 1973-74 and 1974-75, for upland farms, Scotland 

12100 antl 

Size of uc;mns 	 -75-5(J9 SMI 600(-1 I SNIID riser (SNII) 

Y,r 73-7-1 74-75 	 73-74 74-75 73 -7.1 74-75 

46 	 2(1No. (f farms 35 

Av.size of business (SMD) 4511 11411 2 211 

fla
 

137 1:) 240 241 1:367 I 23Total area 
10142Rough grazing 	 97 9H 16H 166 1 175 

No. 
1(1)Breeding cows 29 32 52 55 114 

Breeding ewes 101 105 252 254 031 605 

1: 

Total gross output 7702 	 9018 14477 15755 42021 41746 

6174 9 1 : 1 11it1 31 0124 :9 15:1Total input" 41191 

Net farm income 2864 2 i144 4 1164 4 574 101997 9( 1:M 

Performance Measures 

G.O/f1)0 input" 129 116 13( 124 141 125 

517 4067G.O/100 lab." 4:12 352 465 3916 

G.O/11(O lab." anti mach, 205 226 293 251 319 2112 

Excluding labor of farmer antI wife.
 

"Including labor of farmer and wife.
 

Source: Departmen! of Agriculture for Scotland (1970). Scottish Agricultural Economics 2(6 II.M.S.O. Edinbuirgh, 
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buy Ihe unfinished products of hill farms, lack the 
necessary feed resources to fatten the stock or face 
falling prices in the meat market, then the conse-quences for the hill farmer can be severe. Levels
of net farm income in the past, even in relatively
good years, have often provided a modest return 
to the farmer and his family for their labor, their
management and the investment of capital. Govern-
ment support is an essential part of economic viabil-
ity.In 1976, however, there are many indications of a growing confidence in the future of hill farming
in Ihe UK. Higher prices for cattle and sheep inaddition to fairly generous production anid improve-
ment grants are now operating and, although costshave increased, the, degree of self-sufficiency on hill
farms has protected them from the worst effects ofrising costs. Many hill farmers are now taking ad-
vantage of the improvement grants to improve thestock-carrying capacity of their farms and to raise
the level of nirition of their cattle and sheep. By
improving their grazings hill farmers now find that
the(: can sell a higher proportion of their Iambs
finished fat 

as
lambs and so become less dependent 

on the tips and downs of the store livestock market.
The new E.(.C. regulations governing ait.to lessfavored areas are likel,," to instil further growing
confidence in the industry and help to raise in:omes.

Perhaps a more orderly system of marketing ofcattle and sheep from hill farms :o 1l(1 help to reduce 
Ih(wide fluctuations in prices that hill farmers
received for their products. At present most stock
coming from hill farms are sold in atlction markets,
This system may hav worked salisfatloril 'y in tie 
past but it has many disadvanlages. Wide variationsin prices from market th market, the selling oflivestock in relatively small lots and the lack of direct 
contact between the seller and the ultimlae user of
the stock are some of Iise. Ilirecent years there
has been a growing levelopment (If cooperation 

between prolucers in the selling of their stock. This
has the advanlage of offering larger hatches of better 

graded stock for sale 
and the possibilily of direct
(:ontact between the cooperative ard the utimate 
users. Grants are avaiahble for setting tip such pro-(Iucer :ooperalives and it is hoped that such a
(level op ment will lead to less price variation anid 
more orderly marketing, 

The Economics of Hill Land Improvement 

lrwreased stocking rates anil inmproIvedI nutritin 

are the key faclors ill raising output on hill farms.The increased incomes that could result from Ithese 
inlprtenlerIs hinge on the relationship between
Ille value of tile extra (ltput obtained and the costs
of achieving the imlproven IlsThe large areas of
relatively unimprovedl hill land in the UK have
inspirel many peolple over the years to investigate 

PEARCE 
ways of improving the pastures and to consider the
possible impact of such improvements on the for
tunes of hill farmers. 

In the past much of the land improved has been
improved through plowing and reseeding and in many cases this land has been of a "kinder" nature
than the bulk of rough grazings on hill farms. Often
this has resulted in quite spectacular improvements
in stock-carrying capacity and nutrition. Today the 
costs of such operations have risen very sharply andgreater emphasis is now being given to improving
some of the poorer land by surface treatment, includ
ing reseeding and fertilizer application. There are many examples of this form of improvement but
perhaps the results obtained at the Ministry ofAgriculture's Experimental Husbandry Farm (E.H.F.)
in Mid-Wales gives some indication of the benefits
and costs involved (M.A.F.F'. 1975). The Pw!lpeiran
E.H.F. is situated about 14 miles from the Mid-Wales 
coast at an altitude ranging from 265 to 625 m.
prevailing southwest winds bring an 

The 
annual rainfall 

(If between 1780 mm and 2 540 mm oi the mounitain
grazings. These grazings lie orl blanket peat inter
spersed with drier hills of thin shale. Improvement
has been by surface treatment at a cost which could 
amount to over tC173 per ha at today's prices.

Improving about 121 ha out (,fa total of 648 ha
has resulted in a marked improvement in stocking
rate for breeding cows and ewes, an increased percentage of lambs weaned per ewe anel better weaned
weights of lambs. Total capital outlay has been ofthe order of £40,000 net of grant, and includes capital
invested in the work of improvement, as well as
the extra livestock and equipment. On a discounted 
basis it is estimated that internal rate of return oncapital invested will fe about 33% over a period
of ten years. One of the problems of this kind ofinvestment is that it is not until the fourth or fifth
 
year from the start of improvement that the full cash

benefits 
 will be received and cash flows become
 
positive.


The lPwllpeiran scheme would not 
 have been

possible without cooperation between farming and

forestry. Access to 
carry out the improvements was
 a big problem and this was overcome by the sale

of land for forestry with the agreed 
 provision of
 
an access road. Perhaps a lot more could be 
 done
in hill areas if farming and forestry cooperated for 
mutual benefit. Too in lirect and forestry inhill areas have been often farmingcompetition without 
attempting to plan land use for both purposes for 
mutual benefit. 

Tax considerations may have a marked impact
illthe real costs of improvement. Where incomes
from the hill farm are already high, and thus, the
marginal tax rate is at a higher level, then i lot
of the cost of borrowing capital for improvement
c:an be offset against tax. For obvious reasons it is 
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likely to be the very much larger units, with higher 
taxable incomes, that are likely to )enefit in this 
way. On the small hill farm, making little in the 
way of taxable income, no such benefit is possible. 

ELconomic success in hill farming calls for high 
technical competence and considerable management 
skill. It has been suggested that the management 
skills required for successful hill farming are more 
than those needIed for the same level of competence 
in lowland farming (Allen. 1973). As long as farms 
in hill areas remain relatively small as businesses 
the financial incentive is often insufficient to attract 
and retain the required skill in management. To 
achieve adequate returns from the investment of large 
sums in improvements on the hill farm demands 
this kind of management expertise often lacking on 
a high proportion of such farms. A report il 
"Manpower and Training Needs in Welsh Hill Farm-
ing" (Lees and Colher, 1973) showed that only about 
fi% of hill farmers had receivedi any formal agricul-
tural education and that 85% of the work force were 
members of farming families. Little interest was 

w isocialto mlarketling and tradlirig poity, 

Sociao-Economic Aspects of Hill Farming 

Changing the structure of hill farming in the UK 
so that fewer but much larger units remain would 
seem to be a satisfactory solution to some of the 
economic problems of this kind of farming. Econo
mies of scale could result in a hetter return (in 
investment for the improvement of forage pro(ltc-
tion, greater efficiency in the use of modern ma-
chinery and fixed equipment and the need for a 
smaller work force. Such a move, if it were possible, 
would lead to an even more accelerated rate of 
depopulation of hill areas with consequential social 
problems and the difficulty of maintaining essential 
services to remaining communities, 

Past and present government support for hill 
farming reflects the desire to maintain a stable and 
economically viable human population in the hills. 
Nevertheless, it seems that fewer of the smaller units 
will remain and that modern methods of farming 
will require fewer workers on all sizes of units. In 
many cases alternative employment opportunities 
are limited. At the present time some part-time 
farmers assist on larger units or do contract work 
in sheep shearing and land improvement, 

Forestry and water conservation services can pro-
vide useful full- or part-time employment but the 
development of further job and income opportunities 
outside agriculture is required. This would seem 
to be important to stem the flow of young people 
from hill areas. 

In recent years much attention has been paid to 
the conservation of natural resources. With increased 
leisure time for the community as a whole the use 

of hill and mountain regions for amenity purposes 
and tourism has grown. These leisure industries can 
provide jobs and opportunities for farmers to add 
to their income, but the absence of proper national 
or regional planning can result in undesirable devel
opment which often destroys the very amenity which 
it is hoped to preserve and exploit. Many farmers 
in hill areas no%, cater for tourism by providing 
accommodation or caiping sites. While it is unlikely 
that such dlevelopment wvill tio more than slow (lown 
slightly the flow of population from the hills, it 
will certainly help to impr)ve social and econonlic 
conlit ions. 

HILL AND MOUNTAIN FARMING IN THE ALPINE 
REGIONS OF WESTERN EUROPE 

Ranging tonroogh Austria into Switzerland, Italy 
anVii th irig stemn lurophAe iof 

and Fran( .he alpine farming of Western Europe 
presents iainh cootrasts and Similarities with hill 
farming ii the UK. The contrasts are mostly in the 
plysical (:onditions mnd nethods of farming, 
whereas the similairities are related to econonlic anidproblems. The ,'wholealpine region is too large to deal with in a paper of this kind but Ihe farming 

of the mountain regions of Switzerland illustrates 
most ojf the difficulties of at temptin g to maintain 

econmically viable farming systems in such coidi
tions witht creating inlerable social probhlms. 

Mountain Farming in Switzerland 
The moontain regions of Swi tzerland cover albout 

65% of the total land area, contain approximately 
13% of the population and nearly one third of the 
farms (S.A.P.A., 1972). Present policy towards 
mountain farming in Switzerland is very muclh 
affected by national er:onomic and social consider
ations. The two main factors here are the concept 
of self-sufficiency for food and the need and desire 
to maintain an active and economically viable popu
lation in the mountains to promote the orderly use 
of land and a proper balance between the rural anid 
urban populations. 

For historic reasons Switzerland attaches great 
importance to self-sufficiency for food. Past experi
ence and the concept of political and econonlic 
neutrality have resulted in the present strategic p!an 
whereby the agriculture of the country must Ire so 
arranged that, in an emergency, self-sufficiency for 
food, on a restricted diet, :ould be reache(d within 
two years. National policy, therefore, demands and 
insures that the whole of agriculture, including 
mountain farming, )e ma intaiied inastateo achieve 
the strategic plan should such ain emergency arise. 
This means maintaining forms and methods of agri
cultural production in mountain regions which, on 
the face of it, might seem unduly expensive in purely 
economic terms. 
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The Swiss nation has a very strong emotional
attraction to the mountains. Their national indepen-dence springs from the protection of the mountains,and most of the population have very close familyties with mount.in farming. Today, the wealth ofthe country depends on intensive chemical andengineering industry and on financial transactions,
and this has resulted in a steady flow of populationfrom mountain regions to industrial urban centers,This has caused increasing concern becaluse of itseffect on the general way of life and on land usein the mountains. National policy attempts to pro-mote the orderly use of land and population move-ment. This policy recognizes the importancemaintaining satisfactory standards 

of 
of farming inmountain regions thatso the mountains remainattractive to the community as a whole and, perhapsof greater im)ortance, to the tourist industry which

brings in so much foreign currency to aid the national 
economy. 
The Problems of Alpine Farming 

Physical conditions of altitude and its effect onthe growing season, exposure, especially on northfacing slopes, high rainfall and difficull conditionsfor cultivation, limit opportunities for agricultural
production on alpine farms. Nevertheless, environ-mental conditions offer some advantages whencompared with hill farming in the UK. At highaltittide in the Alps the growing season is shortbut the very quick rise in temperature in the springproduces forage of a quantity and quality' notmatched by that found on hill farms in the1UK.IUncdotitedly methods of forage production and 
utilization on alpine farms, with the policy of usingevery available area for grass conservalion, have adistinct bearing on this. At the same time, laborinput is high on alpine farms compared with hill
farms in the UK and mountain farmers in Switzerland
an(1 in other areas of alpine farming have a wide range of small machines adapted specially to the
systems of farming and the difficulties of operation
on steep slopes. 


The structure of mountain farms in 
 Switzerlandis similar to that of most alpine farming regions

in Western Europe. It is dominated by two charac-
letslitcs. First, the numerical importance of manyrelativelysmall farms: a recent survey in Switzerlandshowed an average farm size of about 18 ha witha high proportion in the 5 to 10 ha group. Second,the dispersed nature of many holdings, partly dueto the fact that the mountain farms may consist ofseveral small areas of land located at different heightsand partly because in many regions farmsteads maybe situated in the village and the land parcelledout in fragmented units. In some cases the mountain

grazing may he held in farmer cooperatives and usedby the members in common. In recent years there 
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has been a move towards the restructuring and
consolidation of fragmented holdings.

Milk production for cheese and butter making isthe main enterprise on most mountain farms inSwitzerland bul cattle rearing for sale to lowlandfarms is an associated important enterprise. Sheepproduction is relatively unimportant except in isolated regions. In the winter the cattle are housedin main farmstead buildings andi during the summerthey are grazed at increasing height as the season progresses. The highest pastures may entail themovement of farmer, family and cattle summertounits where cheese may be produced to transportto market at the end of the production season. Wherethese highgrazings are held in common then eachmember of the cooperative will be allowed to senda certain number of cows for 'he whole summer season and production and processing will be un
dertaken by contract. 

The Economy of Alpine Farming 
In general a mountain farm in Switzerland pro%ides only about 60 to 70% of the lowland farmincome. That this is due to a lower level of productionrather than size of unit is shown in Table 8 where 

average economic statistics for mountain farms arecompared with those for lowland farms of similarsize. Lower intensity of farming system and stockingon the mountain farm, coupled with reduced capitalinvestment, are the main contributing factors. Theselower incomes for mountain farmers despiteoccur
relatively more generous support for the mountainfarmer compared with his lowland counterpart. 

Support for Mountain Farming in Switzerland
l'here is general support for farming in Switzerland

through price support, production grants, capitalinvestment grants and a system of support based on labor income parity with other industries. This
support is part of government policy concerned with
self-sufficiency and the maintenance of a strong rural
sector of the population. Swiss mountain 
 farming
has always been encouraged by various promotional
measures. Some of these apply to mountain farms
only, while others are more general in scope 
 butprovide better conditions or higher subsidies for
mountain faims compared to those elsewhere.

Grants and cheap credit for structural improvement have been provided where 85% costof ofstructural improvements is given compared with75% on lowland farms. creditCheap schemes,

repayable within ten years are based on plans submitted by the farmer with assistance from extensionworkers. Building grants of 65% on mountain farmsassist in overcoming the extra cost of erecting farmbuildings under such conditions and recognize theneed to build more expensively so that such build
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TABLE 8. Mountain farms compared with lowland farms of similar size and system of farming in
 
Switzerland in 1975
 

Mountain Farms 
Av.for Low- Av. for isa % of Low-

ItIell land Farms' Mountain Farms'" land Farms 

Agricultural land per Farm (ha) 17.7 17.5 9111.6 
Agricultural lind per labor unit (ha) 13.0 10.3 129.61 
(raIsslinul per caltl unit (ha) 0.6 0.9 154.6 
Milk yilil p1,r cow (kg) 4 151 3 6H5 1111.11 
Capit alinvestmen t per ha igricullurid land (Fr) 15 603 1 1(08 72.5 
Farm incomi per ha (Fr) 2 554 720 67.3 
Total inonem per farm (Fr) 452911 32 034 70.7 

Lowland farms in surveY = 715. 
Mountain farms in surxy = 206. 

Souorce: S.:\.P.A. (1975) Farm Accounts, 1974. Swiss Assn. for the Promotion of Ihe EIhensi un Service illAgri culltre, Kiisnchlt. 
1370:3 Erlenbach, Swit zerhanl1. 

ings fit into the landscape without detriment to 
amenity factors (Popp. 1975). 

Direct income payments include a price support 
scheme for hreeding cattle. especially for export, 
premiums on livestock for slaughter and for certain 
arable crops grown in mountain regions. Milk pro-
duction, so important in mou ntain regions, suffers 
from an oversupply in relation to market require-
ments and, in or(er to control this. farmers are 
encouraged to (:han(g, over to beef breeding herds 
by the payment of an annual prem ium per head 
on beef cattle. Hovvver, the attraction of the regular 
cash income from milk. Coupled with a fairly gener-
ous milk price. redu(ces the attractiveness of beef 
production. 

Some special measures to support mountain farm-
ing aim mainly at reducing costs. In general, the 
mountain farmer pays only about 65% of the normal 
purchase price for farm machinery. Support for 
mountain farmers in Switzerland is costly and is 

an internal p
always aninterlpolitical issue. But so long asthe national economy (;an meet the cost there seems 
to be a majority of the general community in favor 
of helping the mountain farmer. 

Socio-Economic Aspects of Swiss 
Mountain Farming 

Maintaining the natural attractiveness of alpine 

regions demands an active system of farming involv-
ing the regular grazing and conservation of forage 
on alpine pastures. The probability is that only 
systems involving cattle production (;an satisfy this 
n(ed. It is said by mountain farmers and agricultural 
advisers that a possible alternative, sheep prodtc-
lion, would lead to erosion an(J a deterioration of 
the pastures. The impli cations are (lear an(I expen-
sire. Maintaining cittle production systems and the 

village farming infrastruclure means relatively small 
farms given generous national support. 

For a country such as Svizerlatrd, or indeed any 
other alpine region of Western Europe, this kind 
of support has a high cost. hut, at the same time, 
it may provide important economaic and social bene
fits. Tourism is the third most important industry 
in Switzerland (behind electroni: e(quipment and 
chemicals and ahead of watchmaking and textiles) 
(Poore., 1975). In such ciri.umstances nit c:ountry can 
afford to ignore the (:onservation of its main tourist 
amenily. If we add to this the less definable benefits 
of the conservation of ,it ural resources, thi, mainth
nance of a "'ay of life.," inrcluiding a planned systmn 
of population dispersai, then perhaps the (ost of 
maintaining economically' attractive farming systems 
in alpine regions may seem small. 
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DISCUSSION 

G. lung (Pennsylvania, USA). You mentioned that you were subsidizing the small farmer in GreatBritain and that most of these individuals needed more technology or they do not have ianagemenskill. I'd like to know whelher there is any scheme
that is routinely used when the small farmers arebeing subsidized for fencing, additional cattle, etc., 
to help them with Ihe new technology, to give Ihem 
ahditlial IrainingrotInely done or- anything of Ihat s;ort. Is thisor do yo just let the farmer fare 

its best he! can?

Pearce. In fact, the support is really given to allsizes of fains. Of course for the capital grants oftenthesmall farmer would benefit because of his income,his income per labor o nit may well Ie small enoughto allow him to qualify. Yes, in fact, assistance isgiven in devising plans, first of all, making up theplan which is the necessary part of the qualificationfor this particular grant. Ite vill get hIelp from hisadv is ry officer of the Agricult ural Developren t andAdvisory Services alld] National Service in the region

of the IJK. lut of course Ihere is a limit to the amount 

PEARCE 
of time these advisors can devote to individual farms.They may start them off by giving them help indevising the plan and perhaps putting them on the 

line but beyond that, it's ofen difficult, I think,because of numbers of claimants involved for theindividual advisory officer to keep in touch all thetime with the progress being made by each farmerwho is receiving assistalce. And I'm afraid sometimes that unless the farmer himself makes continual 

demands on the service then he may not get as muchhelp as he might need. In fact, the people that perhapsneed the most help don't always call for it.H. Silver (North Carolina, USA). You're presentatior on hill farming has all been based on livestockfarming. Is notit profitable or is there no encouragement for a horticultural crop which would use 
a greater number of hours of human input?
Pearce. I don't think the weather conditions in theUK on the kind of land that we're talking aboutare such that one could contemplate any horticulture 
croppings. 
E. Wiegandt (Michigan USA, and Geneva, Switzer
land). I would like to add a comment on that lastquestion for Switzerland.
made by the One of the efforts beingSwiss Government is to produce laborintensive horticulltural crops in certain areas of theAlp,; because they are labor intensive, and sinceyou can't mechanize in the high Alps. you mightas well introduce crops where the differential between labor inputs in the plainsand in the mountains 
woul(n't make much difference.
 
Pearce. 'I'he(climatic conditions in the Swiss Alps
are very differen from those of Scothad, Wales 
or
 
Northern England in the
that temperaturethe spring is much more 	 rise inrapid than it is in the 
UK. This makes for much better growing conditions.One of the things I have seen in Switzerland is thegrowing of strawberries at heights.different You'llfind a farmer growing strawberries at differentheights simply to capture the markets in a succession
anti it's very useful because when the people downin the lowlands have harvested their strawberries
he's still growing strawberries up to about 6000 feetand corners the market. But even there, I imagine,
there must be relatively few opportunities apart from very favorable valley areas perhaps in the west and
the French sector. 
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This paper isciincerned with ineconomic analysis 
of food crop protiuction on hillsides in the English-
speaking countries of the Caribbean. These countries 
are commonly referred to as the Commonwealth 

Caribbean and constitute fou:rieen member states 
including the mainland territories of Belize and 
Guyana on the Central and South American t:conti-
nent, respectively.' Total population is estinated at 
five million people. Both Guyjna and Belize are 
relatively flat and so very litth, food crop production 
occurs there on hillsides. In fa:t, marny of the hill,' 
lands are inaccessible, especially those in Guyana. 
As a result, most of the discussion will exclude these 
countries, except when market considerations are 
emphasized. The informa tion is presented in the 
next five sections. 

Analysis of the dIa ta presented in t1he paper was 
(:onstrained by a iack of a uniform data base on 
a Caribbean-wide basis. Considerable variation in 
the quality and av,ilahility of the data on domestic 
agriculture prevented a much more rigorous analysis 
of the problem on a comparative basis. However, 
the data problem is not unique to the Caribbean. 

DEVELOPMENT OF HILLSIDE FARMING 
IN THE CARIBBEAN 

Domestic production of food crops continues to 
play a significant role in the development of Carib-
bean economies despite the persistency of a planta-
tion system that had its beginnings in the early 
seventeenth century, perhaps earlier. In fact. Carib-
bean agriculture today displays a dualism that many 
feel is largely reponsible for the region's slow 
progress towards economic development. Large-
scale, capital-intensive plantations continue to exist 
side by side with labor-intensive, small-scale hillside 
agriculture. The distribution of fertile, less steep land 
is biased towards the former.' The system as it exists 

'Jamaica, Trinidad & Tobago, Barbados, Antigua, St. Vincent,
St. Kilts-Nevis, Montserrat, Dominica, Grenada, St. Lucia, Belize,
and Guyana. 
'For a complete description of farm size and agrarian structure 
[hat characterize Caribbean agriculture-see Wilson (1976),
"General Problems of Soil Erosion and Disturbwd Lands in the 
West Indies with Particular Reference to the Commonwealth 
Caribbean." paper herein, 

and operates %%ithin the Caribbean is not very d if
ferent from models present in many developing 
areas, perhaps differing only in the pattern of owner
ship and redistribution. 

One can hardly exami 'e! the domestic agricultural 
sector without reference to the plantation system 
and what it stands for. Plantations do not always 
practice nionocropping. As early as 1652, plantatins 
were found to be producers of yarns, corn, cassava, 
plantains and pasture. in a systel thill was fully 
integrated wilh sugarcane (major crop). 'ven today, 
in Barbados, plantations are still producing some 
of these crops, while in Jamaica efforts are being 
made to introduce vegetable production into the 
system: plantations in St. Kitts-Nevis are being en
couraged to grow peanouts and Ciassava. The opera
tiom,of plantations are becoming nmore diversified. 

The plantation system has been described in 
various ways. Innes (1972) refers to plantations as 
a system of settling empty lands through the 
importation of labor, capital and technology. The 
literature also suggests that plantations developed 
because the "demands of land, labor and capital 

discouraged the growth of free peasantry." Beckford 
(1972) described the plantation system as the totality 
of institutional arrangements surrounding the pro
duction and marketing of the plantation staple. It 
is a type of settlement that brings labor arid capital 
from elsewhere. 

We are not concerned in this paper with the details 
of various definitions and theories concerning 
plantations, whether they are more efficient than 
small-scale agriculture or whether they represent a 
more efficient allocation of resourc;es. What we are 
concerned with is the way in which they impinge 
on or interact with hillside farming. Many planta
tions occupy flat lands and hilly lands. 

As an institution, the plantation system, some say, 
represents a bastion of "resource immobility"; has 
a pattern of resource use that is generally out of 
phase with society's needs and instead is geared
to the needs of metropolitan conntries. Plantations
monopolize excess land for speculhtive purposes as 
well as to secure labor, which leads to underultiliza

tion of land. When coupled with the reluCtance of 
Caribbean people to work on plantations and the
limited land available for their own production, 
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plantations contribute to gross underutilization oflabor. As Beckford (1972)further suggests, this results 
in gross under-consumption by the majority of thepopulation, together with gross under-utilization of resources, 

All available evidence suggests that hillside farm-
ing in the Caribbean had its early beginnings prior
to slavery, gathered momentum during and after
emancipation, and matured subsequently. This pat-
tern varied from country to country. Whenever labor 
was not required on the plantations for producing 
sugar, slaves were allowed to grow their own subsis-
ten(e: crops on Ihe mounlainous backlancls of the
plantations (Beckford, 1972). Indeed, many of the
Caribbean (:ountries are mointainous. Production of
food crops onl the mountainous backlands continued 
with renewved vigor after emancipation, especially 
on islanls where the supply of land was not a serious
constraint. Ex-slaves expanded their production of
food crops in an effort to "maintain their freedom 
and independence." TI, is led to a serious shortage
of labor on pilan tations, which in turn had to import
labor from elsewhere. Bu this was not always the case, because on islands where the supply of land 
was limited, ex-slaves had to sell back thei labor 
to some of the plantalions from which they had
been freed, 

Imported labor, together with the introduction of
capital, machinery and favorable prices, enabled 
plantations to expand on a larger scale than before,
with the result that they held for speculation more 
land than was required for production. This action
further reduced availability of lands to the emerging 
new breed of small farmers. 


Agricultural policies that 
were levelo)ed later inthe pos, -emancipa tion period pa idno attention to
hillside farmers because, in fact, there were close

links between policymakers anl the landed-class,

In fact, they were not separate indivi(uals. The fact

that hillside production is significant in economic

development today is a tribute to those individuals

that persisted despite these enormous 
barriers,

Still today, the plantation system dominates the
agricultural, social an( economic life of many of
the Caribbean countries, at least those whose re-
sor(.Ct, endowments are still largely agricultural,
Most of the crops grown are oriented towards the 
export market -sugarcane, baniana, coffee, cocoa,and citrus. One study of this (hependency on the 
export market showed that banana, a major export
crop, represenltecl over 110% of agriculture's contri-
bution to gross national product for one year. :'Where
agricultural production is restricted because of steep 

Yankiy. 1.11.1974. '"rv Exiiurience of Ariculture aud Rural 
Suclor illEcon Devutlpnenilolic (with semcial reference to)omii1ca)." Proceeffijs of thelth WtIest bolosAgr.Econ. Conf.,
II.W.I., St. Augustiiie, Trinidad. 

RANKINE 
slopes, the best pockets of land are used to produce
export crops. This reflects an agricultural policy
preoccupied with exporting.

Production of food crops for the domestic market 
was always deemphasized. It took events such as
the recent world wars to force a policy of food crop
production, and this was because it was no longer
safe to import foodstuffs from Europe. Food crop
ordinances were established making it mandatory
for estates/ rilantations to devote a certain percentage
of their lands to the production of such crops as 
yams and sweet potatoes. Originally, the intention 
was not so much to produce food for local consump
tion, but to make sure that there were enough of
these items available to supply friendly ships during
the War. These regulations are still in existence in 
at least two countries, Barbados and St. Kitts-Nevis. 
However, in the case of the latter, most of these 
estates are under state control. There these rules 
may not now be operative since the idea is to utilize
these lands in a manner consistent with national 
and regional, rather than private, interests. In any 
case sugar still predominates.

Another stage of the history of hillside farming
worth noting is the use of statutory bodies to admin
ister and operate commodity-based research and
development programs. The Banana Board in Jamai
ca protects the interest of banana growers, the Citrus
Growers Association citrus growers, and the Coffee 
Board coffee growers. There is yet to be created one
such body for yams and sweet potatoes. A Sweet 
Potato Growers Association exists in St. Vincent, 
one of the major prod ucers of the crops in the region,
but no research on this crop is carried out by this
organization. Irish potato growers in Jamaica have
organized into a powerful cooperative but the em
phasis is on marketing. Jamaica has achieved self
sufficiency in Irish potatoes after about years,ten
largely because of the activities of this cooperative.
Small quantities of potatoes are also exported toCARIFTA-CARICOM countries. " However, each year
seed material has to be imported from either Europe
or North America. Irish potato is produced in the
hilly areas which are cooler and more suited to the 
crop. Attempts have been made to produce the crop
on lowlands with varying degrees of success. Other
farm organizations have been unable to service all 
these crops.


The majority of the research 
 and development
efforts on domestic food crops are carried out either
by the various Ministries of Agriculture, which can
only afford modest inputs, or private corporations
which are either interested in fertilizer sales and 
insecticide or herbicide screening. Recently the la
mai can yam industry was conservatively valued at
 

"CARIFTA-CARICOM refers to the Carihbean Free Trade Area
 
now called the Caribbean Community.
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more than 1$30 million; research inputs totaled less 
than one-tenth of this amount. A yam research effort 
at the University of the West Indies has led to the 
development of yam flakes. But even though the 
product has been test-marketed, a major industrial 
breakthrough has not yet been achieved. These 
examples show that yarns and other small farmers' 
crops are not receiving the attention d tie to them, 
even though they are expected to make significant
contribut ions to the future development of the re-
gion. 

What this discussion indicates is that from an 
historical perspective, food crop production in the 
Caribbean has had a rugged passa, md only in 
times of emergency have these crops received any 
attention, 

MAJOR CROPS GROWN, LEVELS OF 
PRODUCTIVITY AND ECONOMIC PERFORMANCE 

T'wo crops dominate hillside farming in the Carib-
bean, yans and sweet potatoes. In some aireas they 
have outperformed sugarcane, the major plantation 
crop. on a per hectare basis. Several research reports 
indicate that vams can generate higher net returns 
than sugarcane. However, it is difficult to find a 
crop that can replace sugarcane on a purely economic 
basis. Further, it is perhaps unfair to compare sugar-
cane with yams since their uses differ. The former 
has to be processed while the latter can be used 
for direct homan consumption. Also, yani-based 
products have not been exploited in the same degree 
as sugarcane. This should not be interpreted to mean 
that small farmers do not grow sugarcane, bananas, 
or any other of the export crops. It is estimated that 
small farmers contribute well in excess of 30% of 
total production of these crops. 

The experience with yams and sweet potatoes
varies considerably from area to area. For example, 
in countries where suga-cane and bananas are pro-
duced on a large scale, other food crops are of 
secondary importance, while in others, where the 
terrain permits, there is a good mixture of bananas, 
yams, vegetables and other hillside crops. The typical 
pattern is that yams and sweet polatoes are located 
on the steeper slopes while the other vegetable crops 
are cultivated on the lower levels. There is justifica-
tion for this pattern; yams requiring clean cultivation 
techniques are planted on steeper slopes because 
"erodable soils" are uncommon in these areas; the 
eroded soil being deposited on the lower levels could 
be potentially more produciive, hence the localion 
of higher-pri,7ed vegetables. Bul, in general, market 
considerations, land and labor productivity anrid 
topography tend to influence both crop location and 
production sequence. 

Table 1 presents data on ,lope distribution of the 
total area of Jamaica. This data probably represent 
physiographical conditions of most of the other 

TABLE 1. Slope distribution of total area of
 
Jamaica
 

I',,,.flhia, (if Esti mated" 
Slope Classes Degre 'T'otal Area Area (1ha) 

A 0-2 7.7 f1i530 
13 2-5 11.3 73 17(1 
C 5-10 12.11 11:1 920 
D 10-20 16.5 146 1150 
E 20-30 26.1 235 1150 
F >30 25.0 222 511 

Unainalysed 2.1) 25 ItI0 
Conputed. 

Source: UNDI/FAO. 1973. Forvstr3y Development and 11'atr. 
shvd AManagement in Upland Regions of lJanca. 

islands. Only Barbados, Guyana, Belize and Trinidad 
have lands with more moderate slopes and in those 
situations sugarcane i.: the dominant crop. In janaica 
more than one-half of the land is situated on slopes 
of 20 degrees or more. while only aboot 16%; is 
on slopes of 5 degrees and less. Wilson (1976)
estimated that ground provisions, selected vegeta-
Ies and legumes (mainly small farmers' crops) 
occupied approximately 51 200 ha of land, the ma
jority of which (,O-lO0,0 were located on sloping 
land. Sugarcane occupied sone 1(7000 ha of which 
35% was located on slopes. 

In many countries, active crop production ceases 
at 30 degree sjopes, after which forest crops (loii
nate. In the Ca ibbean, most hillside farming occurs 
at this range and above largely because of unavail
ability of lands at lower ranges. In many cases too, 
these lands are considered marginal and rent is 
minimal. Sometimes there is no charge for their use 
since the land belongs to the "Crown" and is oflen 
used unchecked. As (:an be expected, producing 
crops at sLIch elevations is laborious and expensive 
and tends to discourage large-scale investmentls. 

The majority of investments in hillside farming 
have been of a temporary nature. Such practices 
as rodimentary terracing and planting on contour 
ridges were inIrodIuced years ago, hut with little 
success. Terraces were never wide enough to permit 
widespread use of small hand tractors or modest 
use of horsedrawn equ iplnent. 

As a rule, small farmers lack necessary capital 
to invest in infrastructural developmen on hillsides 
on a sufficient sr.ale to stimulate and increase effi
ciency of produoction. The costs of such activities 
are often prohibitiye. Moreover, there is a great deal 
of reluctance to do this because of unsatisfaclory 
tenure arrangements. A large portion of the areas 
farmed are lands "captured" from eilher publ ic or 
private sources. In such cases it is only a malter 
of time before these tenanIs are evicted from those 
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lands. Since the majority of the lands owned by
the small farmers are less than two hectares, con-servation practices such as terracing might lead to
reluction in net acreage available for production,

Where lenure arrangements are agreed upon, these 
tend to operate in favor of t;v! landlord whose 
primary interest is to collhct rent. Since the areasrented are frequently marginal in terms of pro(lLulion, efficiency a;d perhaps accessibility, there 
no need to invest in such lands except in crop systems 

is 

which emphasize forestry. Forest production is along-term investment from which future benefits 
accrue to landowners or their heirs. In the meantime, 
small farmers are allowed to cultivate areas between
the trees during early stages of growth andi underthe trees as the forest approaches maturity.

Table 2 presents data on distribution of farms 
according to Iand tenure arrangements in St. Vincent.The data show that approximately 67%, of farms
between 0.5 and 10 ha are owned while the remain-
ing 3"3% had some form of tenure. Significant varia-
tions are found anlong the groups; e.g., approxi-
mately 15% of farmers with less than 1 ha pay
nominal rents or farm free of charge, while only
:! of those in size group 4-10 ha enjoy similartentre privileges. As farm size increases, the ten-dency towards full ownership also increases. 

TABLE 2. Percentage distribution of farmholdings according to types of tenure, St. 
Vincent 

C(avgry Perl:ent'ii eIroenicy hy Size Groop (ha)of 'tlnure (-5 .5-2 2-4 4-10 10+ Total 

!vIw'ned 72.1 63.1 67.5 79.5 100 67.6
R0,e111t 11.4 11.6 5.11 1 9.6 
Niiniml renl/rent free 15.4 1:1.7 4,8 3.0 - 13.2Shar tleiniiCy 1.3 5.0 5.3 9.0 - 15

Lasii li iure 
 1.7 0.9 (1 3.0 - 1.1 
Mixel hemre 1.7 7.6 16.5 5.4 - 5.3
 
All farms 
 100 101 100 1(1(0 100 100 

Source: Basic data ohtaineI from a "Study of Small Farms 
on tli Small Fiirn Sector in the Caribbean," currently in progress, 

Failure of private interests to invest heavily in

hillside farming means that such
any investment 
must be ierformed by the state. And since many
of the Carihean ctuntries have experienced capital
scarcity they perhaps chose the most inexpensive
nlethod of investing in hillsides by expanding reaf-forestation programs first in areas exploited by shift-
ing cultivators aInd later into other areas. This pattern
offers (Iiredl competition to small farml)roduclion
because it reluces the lands available for hillside
farming. I lowever, such programs are beneficial 

RANKINE 
because they provile both skilled and unskilled 
employment for the people.

Table 3 presents data on some of the major crops
grown by small farmers on hillsides in Jamaica for
the period 1967-71, Also shown is a trend in their 
productivity over the years. 

TABLE 3. Performance of selected small 
farmers' crops, Jamaica, 1967-71 

Yiehl per ha (Tons)
Crop 1967 1961 1969 1970 1971 

Potatoes 
Irish 
Sweet 

13.11 
11.07 

8.34 
6.92 

11.12 
8.19 

11.36 
8.15 

10.82 
8.79 

Cassava 
Bitter 
Sweet 
Lucea 

Negro 
While 
Yellow 

13.41 
9.19 

1.12.27 

14.05 
11.43 
10.82 

10.02 
7.53 

11.75 

11.73 
11.63 
12.57 

9.88 
5.43 

16.96 

12.84 
11.80 
12.35 

10.13 
7.90 

13.58 

16.05 
10.07 
11.28 

10.22 
7.88 
2s12.89 

14.77 
12.42 
12.39 

Legumes 
Beans, broad 
Pea, cow 
Pea, pigeon 

1.01 
1.25 
0.76 

0.81 
0.88 
0.66 

0.79 
0.93 
0.69 

0.88 
1.19 
0.79 

0.79 
0.96 
0.64 

Peanut 
Other Veget1..es

Carrots 

- 1.21 

7.01 

1.01 

5.93 

0.76 

5.68 

1.16 

6.67 

1.08 

7.28 
Cticmtnher 10.59 11.48 11.11 7.90 8.45 
Tomatoes 

Fruits 
12.32 9.90 10.12 9.63 9.83 

Pinleapples 11.61 8.83 12.10 11.26 11.71 
Watermelon 

Cereals 
Corn, ordinary 
Corn, sweet 

6.79 

1.28 
4.94 

9.29 

0.93 
2.89 

10.62 

1.23 
4.44 

15.07 

1.48 
3.95 

11.51 

1.41 
4.39 

,Source: Agricultral Planning Unit (1971). Report on Domestic
Food Crops-Pigs and Poultry. Ministry of Agriculture, Jamaica. 

One feature that is characteristic of all these crops 
is their low levels of productivity. In no case (lidyield per hectare achieve acceptable levels or even 
come close to similar yields obtained under experi
mental conditions. Further, with the exception ofyams, one can seldom detect any real improvement
in productivity levels over the periodiunder observa
lion. A majority of the yields show dec:lining trends
in productivity. This is a clear indication that thelevel and rate of technology adaptation il producing
these crops are low. In fact, yield increases thatoccurred in yams were largely due to new fields 
that were brought into production.

This state of affairs exists despite the presence
of guaranteed prices anti various subsidy programs.
It is also evident from these trends that research 
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results are not reaching farmers at desirable rates. 
In fact, the majority of the production systems in 
use have not been changed over the last twenty 
years. One of the primary reasons why the produc
tion system remains unchanged is that research on 
these crops has not yet emphasized development 
of a complete package of practices that are applicable 
under field conditions. The packaged approach is 
a technique that has been tried with at great deal 
of success elsevhere. For example, scientists partici-
pating in the University of the West Indies reseo,rch 
program on root crops were able to bring albout a 
four fold increase in vam yields in St. Kitts-Nevis 
by introducing a complete package of systens-
method of land preparation, adjustments in spacing.
introduction of weed control anti, perhaps one ofthe most important features, a change il the sizt 
of planting material. Traditionally. yam growers 
were getting just over a 2:1 return from their planting
material. These ratios were increised to almost four 
times the previous levels. Total saleable yields in
creased from 3.12 tons to 11.9 tons per ha as a result 
of these changes. Profit levels were also improved 
because even though prices had increased between 
the two study periods 1970 and 1973, costs per unit 
remained at the same level ind \while net returns 
were increased six times, largely because of increased 
yields. Comparable results were also obtained in 
similar studies conducted in Barbados. alother major 
yam producing area in the Caribbean." 

Con so lid ate d c o stinanvariousd re tu rncountriesd a ta to yaofm athend Carib-swe e tpoaoproduction 

potatoapresentedinva le 4. T he ari-

bean are presented in Table 4. The informa ton 

should be interpreted with cation sice consider-

able time has elapsed since these data were gener-

ated. Also, price increases might reverse the posi-

lions but they are not expected to distort the picture 

sini fica ntly.with 


The situation in 1970 was that small farmers in 
Barbados were producing an average of about 19 
tons of yams per ha compared with 10.9 tons in 
Jamaica, 8.2 tons in St. Kitts-Nevis and 6.2 tons 
in St. Vincent. These operations were most profilable
in St. Vincent, St. Kitts-Nevis and Barbados, while 
losses were being incurred in Jamaica. Again, Barba-
dos small farmers were the leading sweet potato
producers with respect to yield and profitability, 
but both yield and profits were lower than those 
obtained for yams. 

One of the major reasons for these differences in 
performance is that both yam and sweet potato
producers in Jamaica and St. Vincent operate at 

"See "r.Ferguson, Paper 47, hernin, for a compitle description
of production systems. 

"Rankine, L. B.and Ferguson, T.1974. Agro-e:cononif evaluation 
of yam production in the Commonwealth Caribbean. (In press.) 

TABLE 4. Cost and returns to yam and sweet 
potato production in selected countries of the 

Caribbean, 1970 

st. Kitts
litms Ilairbiihs St. Vinent Jamaica Nevis 

(i)1Inis Dollars
 
(:ost per ton 121 3311 141) 120
 
;rss retlurns pr
 

ton 140 230 
 105 200
 
Nt reirn pr toin 14 100 -35 
 Il1 
Sa'.,ititi yiIls
 
(Ins/hi) 11.99 6.17 10.119 (1.15
 

liswpt Putt,'s
 
Cost pvr hm 66 I11 1:15 1210
Gro'(ss fi rlis per

f ril 131 110 75 16( 

nuri per i 6n 1,.I(it) 40 
S.ahIhc yivls
 

Itons;i 12,111 4.2(1 7.911 1.416 

Ciotpiar linu, '~njzi:s from (,11,Ruotlirvseniudt in Riikii, inlI..S.h,Uetl
 
Comatrivf Lh CUoinoinwioth Ci Phhrouc.irt In "(>,st ,iit
 

Sourici (Air)ti'i ut Crop; Iirudliot,, . I !172. 

Riturns or Specifivd RImt ('rs. I )'.,isiu.il Minis N i. lept. 
uf Agr. Eiii. 1u(arinm ageniiii. St. 
Trinidad.
 

higher elevations than their counterparts in St. Kitts-
Nevis anl Barbados. Farmers in the former ioitries 
are therefore less able to apply echanizedlercnolmlare c o m p re dlessth oe inti l y erth a n tre s . ech n sl oy compared to those in the latter c(i)intries. Ilh.cautser 
of the terrain, labor requirements tend to he higher
in Jamaica and(St. Vincent than inlBarbados anti 
St. Kitts-Nevis. Labor requirements ranged from 
about 131 man-days per ha on a small farm in 
Barbados to 151 anJ 205 man-days in Jamaica and 
St. Vincent, rep eci vy . In general, labor together

planting material and stakes constitute the bulk 
of the costs (f producing yans inthe Caribbean. 

CONTRIBUTIONS TO GENERAL ECONOMIC 
DEVELOPMENT 

The importance of food crops to the economies 
of Caribbean countries can be mea, Ulred in terms 
of their contribution to: 

(a) food supply and nutrition of its peoples; 
(b) employment and income; 
(c) foreign exchange earnings; and 
(d) sectoral linkage!s. 

Neither data nor the scope of this paper allow for 
any eiaborate analysis of these factors. However, it 
is hoped that the discussions which follow provide 
some crude assessment of these contributions. 
7Traditionally, ine man-day is mtmfin mi ilsi1working hours-
howimr, this definition no ihn
ngr holds.The effectlve workday
 
ranges hmotween 5 and 7 hours.
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Data obtained on the performance of agriculture creation of economic opportunities among the counin Jamaica give an indication of the overall perfor- tries that previously remained untapped or unexmance of the food crop sector between 1962 and ploited. But it soon became clear that1971. The contribution of the entire nationalagricultural programs would have to develop at faster rates thansector to the country's gross domestic product (factor previously. Indeed, agriculture began to receive thecost) increased from J$52 million to J$6L9 million,

for an average annual growth 
attention it was due. Increased capital investmentsrate of 3.2%. Export in the agricultural sectoragricuillure, consisting mainly of sugarcane, showed 

were effected in manycountries. Johnson and Strachan (1974) for example,a slower growth rate of 0.3%. Contributions of
domestic agriculture grew by about 5.4% per year. 

noted that the amount of fixed capital formation
in Jamaica's agriculture increasedTh most significant growth rate achieved by lion in 

from J$10.3 mil
root crops, about 10.1 % per annum. 

was 1962 to J$12.6 million at the end of 1971.
Investments in agricultural machinery alone in-Similar expansion in food crop production oc- creased from J$2.3 to J$7.4 million. One can onlycurred elsewhere in the Caribbean and these results speculate that some of these facilities were sharedwereI due to several factors. Chief among them are: by the domestic agricultural sector. 

(3). In 1968, the(1). Integration o)f an impurt substitution policy 
University of the West IndiesFaculty of Agriculture began what was to becomewithin the broad framework of development objec- the most comprehensive program on root crop retives a(lopted by most Caril)bean g(overnments (tring search in the Caribbean. Previously, research on thesehiv iidde and late 1960's. Expansion of food crop crops had been conducted on an ad hoc basis inprodtuction was seen as a major instrument in reduoc-ing the food import bill as well many of these countries. The basic idea ofas for the diversifica- program was to elevate the 

and these crops from the lowion structuoral transformation of the various
econom1ies. ( e ranteed prices were used] as a basis 

status given to them into a viable root crop agro-in
dtustry through the introduction of alternative uses
for these crops. Nearly all the disciplines in 

for stim Llating production. The inward look toward 
the domestic: aritultural sector was also the(ILie to faculty were engaged in various aspectsadv(vrse trendsi of thein the terms of trade for traditional program.export crops such 

At about the same time, the activities ofas coffee, sugar and bananas, as the Caribbean Food and Nutrition Institute werewell ats the failure of industrialization policies to expanded to examine the nutritional and economicbring ibout desired changes in the econony. aspects
(2). A meaningful start to the process of economic 

of local food groups. Existing information 
on the nutrient compositionintegration anmong Caribbean countries. The creation 

of various foods was
colla ted and made available to Caribbeanof Ihe Caribbean 1Free Trade Area (CARIFTA) was Those food crops on 

peoples.
which information was lackingintended to widen the market for the local foodst uffs. were also analyzed and incorporated into the booklet.Sqpecial provisions were made in Ihe CARIFTA An educational program was also launchedagreement tomfacilitate trade in these commodities, crease awareness and influence people's 

to in-
A marketing protocol was created and attitude sone twenty toward theseagricultural comnmodities were included under it. 

foods. The success of these activities 
can be measured by the fact that at least two countriesAmong them were carrots, peanuts. sweet potatoes, have developed food and nutrition policies basedIrish potatoes, pigeon peas and string beans. These on the information contained in the published docuwere basically small farmers' crops since at that time ment together with other assistance provided by thevery few plantations cared for these crops. Institute. Several other institutions are at work tryingAs expected, there were teething problems in the to educate local people on the importance of localoperations of the protocol both at lhe national and food gro-ups.

regional level. Transportation, information, price
control and other institutional rigidities had to beadjusted to make, Ihe agreement work. Also, there Food Supply and Nutritionwas some discussion as to direction of the major The Commonwealth Caribbean countriesbenefits of the program since the obtaincomntlries were their food supply from two sources, imported comat different stages of econoinic development. Further modities and local production.adjustmenIs had In general, depento be made to accomnmodate prob- dency oni imported foods inlens peculiar t some of the countriessome of the members of the Free has increased significantly, while in others it hasTrade Area. The Area has recently developed from been reduced. In 1974CARIFTA to CARICOM the total value of foodswhich represents a deepen- imported into the Caribbean was estimateding of the integration movement. at ap

proximately $804 million. By and large, the importTime does not permit us to evaluate the impact :ontent of the Caribbean food supply still remainsof the integration process of agriculthral develop- high. This pattern has persisted because of depenmenl in the region, but one important effect is the (ence oil tourism, failure to mobilize resources for 
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TABLE 5. Per capita food consumption by TABLE 6. Contribution of selected food groups 
countries, 1971 to available protein and energy supplies per 

capita per day, Jamaica, 1972 
Trinidad &
 

Food Items Jamaica I:,,rldos Tobago Guyana ECC" 


Food (;rooup 
kg/yr 

Cereals ainl ceral 
products H36.0 94.1 1 1(3.6 112.3 52.7 Cereals 
Rice 1(.( 27.3 37.2 59.1 (. Shrch%1rools and hers 
Wheat flour 55.9 58.t 65.4 50.9 "r tu r45.0 & 
Corn and nwdl 9.1 7.7 0.9 0.9 0.5 Pulses, oils and seds 
Othvrs 2.7 .45 15.0 1.8 0.5 \'tlI 

Root ind starchy 
 Fruits 
vegetahlles 211.0 93.2 58.6 82.3 137.7 Ntmis 

Sugar 45.0 57.2 31.4 41.11 27.2 ggs 
PulIses anid ilts 6.4 10.9 15.4 6.4 3. F 
Vegctables 2 2 011.0 62.7 29.1 9.5 Milk and milk produts 
Fruits 79.5 34.1 63.2 20.4 137.3 Oits alnd fats 
Meat 32.3 57.2 37.7 15.0 28.2 inouS1iscvll 
Fish 19.1 22.3 14.5 21.0 150t \lluholic beverages 
Eggs 4.1 :1.2 6.4 2.3 :1..2 

fresh 19.5 25.9 11.4 25.9 i,4 TotalsMilk , 
evaporated 18.2 I 6 27.7 15.9 6.1domestc sou s. 

El'wirgy IPolvit 

b'lt.I )S' IS" D IS Totll 

- -- Per:en 
:11.4 95 4 96 : I.1 
14.7 100 0 100 01 1:11
 

M4. 100 I 2 11 1 
.1. 09 11 0() 20 5.0 

10 H19 02 111 1. 

2.11 215 15 91 9t 2.50.0 54 46 99 1 17.5 
(.5 W? 1 9it 1 1.9 
:ih.2 14 (10 Inl112 12.tt 
7.2 ti1 32 50 5(1 13.5 
11.3 62 :1o 5) 50 0.2 
0.3 21 192 :11162 (1. 
1.5 (i 14 90 10 (0..1 

100 54 .16 17 63t 1tt 

O ils and fails 14.5 10.0 11.2 11.1 9.5 

.ECC refers to Easturn C,iribb,,u countrics,-St. Kitts-Nev is, 
St. Vinc nt. Grenada, St. Lucia. Antigtii, Monlsrral. ald (onini-
Ca. 

Source: Shillingford. 1.1).mnd l IIfs.\W 1075. "Prospectikc 

Demand for Food in th t,nComirnonwalth Carlutn Prouvidlligs 
of the Wei,'st ti I ,oFi Cotffferin'.I,loth Ind,,s Aprit, tll no i,,hxs 
Plenary Papers. \ol. 1. pP 401-53, Dp . f Ar. E,:on. and Farm 

Man St.fr '.riihd.
 

Note: Origiinal dli tiuvahbeen r()udth, Off for t1p)Ogrphi;a 

ease. 


local food production and perhaps limitations with 
respect to production possibilities. 

Table 5 summarizes the food habits of Caribbean 
peoples on the basis of data collected for 1971. Even 
though there are differences in the quantities con-
sumed, the consumption patterns art., imilar among 
the countries listed. Major food grwc,;s are roots 
and starchy vegetables and foods comprising Ihe 
cereal and cereal products group. Even though no 
breakdown is given for the former, it is comrn 
knowledge that yams. sweet potatoes, Irish potatoes 
and cassava dominate this group. Both groups (if 
food constitute basic food staples of Caribbean peo-
pies. This dependency on such foods aisit source 
of supply is so great that vitamin deficiencies are 
detected among certain groups of people from time 
to time. This condition is often a manifestation of 
the low intake levels for the other food groups noted 
in the table. 

The contribution of selected food groups Ioavail-
able protein and energy supplies by sources for 
Jamaica is illustrated in Table 6.For example, cereals 
provide about 311% of total daily consumption of 
energy but only 5% is obtained from Iocal foods, 
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IS ifltittl eS.
IS.'-"impi'alhtd ,sotr;e.. 

Source: leslie. K. A. ind Rmikin,. L. If. 11275. "Food sipjlics 
in the Collllnonwill1h Caribl all."Proceedingsof th ith, fV,, 
Indivs .Algricultur.I 'contmic:s Conferatwe, Ile,,r ,ir. VoI 
1. pl).23-37. Dept. of Agr. Econ. ind Farm Maohageinait. IUA%I..
 
St. Augustine. 1'rinidad
 

On the other hand, of the T11%lprotein supplied 
stagemntwai 

on a daily basis, 9,, is obtained fro imported 
foods and only 4% from lotal foods. All the etlergy 
and protein stpplied by rots and tubers are oblitirld 
from loal food sources. Similar distribution is pre
sented for all other food groups. Tl'he information 
in the table can Ie!used to ineilsure the relkttive 
degre:e of depeoden:y on fori)g ant hu:tl fttist uffs. 
No consideratioin will be given It theItitestion ofl' 
relationship between this (dily food intke and 
establishe(d norms. Neitler will it be: ptssible to 
indicate ihe; total amount (iffood stipplitI by tIhe 
domlesti: food crop se:tor tili regioml basis (Im, 
t) I ahqueude (da. 

Contributions to Employment,Income and
 
Foreign Exchange Earnings
 

Reference has been nmade to t te fact that most 
Caribbean coutntltries depend I),..avily on agriculture 
for their existence. lowever, itis still diffit:ul It 
get an accurate estimate of the number tf people 
employed in the agricultural sector. Jilike e nplhy
ment in export agriculture, it is extremely difficult 
to obtain information on domesti: agri(:ulltur1(. Sev
eral figures onl agricultural employment are Iossed 
about. These range from 30-(i%, (ifIhe lIabor fotrce. 

olwever, it was possible to provide some crule 
estimates onl possible diret levels of entploylnet 
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provided.by tihe food crop industry for one particular ton on the foreign market, and further assumes thatyear. These estimates were obtained by multiplying about 20%total production by tihe average numbher of man-days 

of these yams are exported, then the 
value of yams in both the domesticrequired to produce one hectare and foreignof selecht.d crops. markets taken together is likely to exceed the esti-The dat a are presented in Talile 7 for Jamaica. As mates given previously for yams. The situation issuggested ilIhe tale, yams, other lulhers and pota- very much the same for other Caribbean islands.toes provide by far Ihe highest employment levels, St. Vincent, for example, exports 2 500 tons of sweetover :t.t) million man-days of employment. These polatues annually to Trinidad, at a value of $3-5figures do not include indirecl employmenl gener- million.iite by Iese commolities. By any standard, Ithese Exploitation of the export trade is being enfigures are impressive, espe:ially for c:ountries as coo raged since foreign demand for these commodismall as tlose in the Cariblhean. ties appears to be expanding, especially among 
indigenous Caribbean and African populations inTABLE 7. Estimated production of main Ihe United States, Canada rnd England. However,domestic food crops and man-day requirements, opportunities for expansion of these markets areJamaica, 1971 conditioned by severd factors. Chief among theseare quarantine regnlations, competition among sup-I1 Odt.tii Totl Nueieer if pliers and most important, transportation.Ciop (Tons) Ma-Dlys As a rule root crops are bulky and] consumers 
may tIis,:riminate against them if they are considered

Y.1ns 
 1:15 435 2-144:1114 in terms of nutrient cost relations. Transport prob()tWlr tiiLer:s 481 MHO11 12L 167 lems are critical to both intra-regional1,,.,,.s36 146 and extra764 606 regional tra(de in these commodities. However, prov,,gi-,Jl,,s 
 ll I ( 17 7113: .e.gwe, c,!ssing activities would reduce lhelbulkiness as well7014.1 i 1669 as extend the effective life (of some of these crops.( ,.,s 5 7511 1001in The technology for transforming some of these com,_,251Q5 543 4:14 modities is available. All that remains is to imple-Its 124 16 2l Lit)o ment plans for processing. Cassava is one of the(]ieii'33ls 3 35:3 265244 €crops that has been earmarked for rapid industri
Sour:v Aipte d from Johnson, I. inet SIr,a:,1. . 1974. alization. Several processing"Agri.cil Df, ill plants have alreadyI)exvihepeneint Ilmlica." I'rocredingsof te 9th been constructed but the cassavai,.eItholies Agri:ultirl l'coloilics Con firvnc. pp. 3-21 , 

still has to be
IDpl. produiced on the scale required to keep these plantsof Agr. i"E.,i,end FIrm M aelleeM",,i l,llIIW.I.. St. Aigustinee, operating atTr111l.id. full capacity. These processing plants

have been (](esigned to process several commodities. 
Modest breakthroughs have already been achieved. 
For example, cassava flour ha:; already been blendedThe analysis can be extenled further to suggest into wheat flour to prodtce an acceptable product.contributions in terms of income-generating capaci- Similarly, as already mentione(l, yam flakes1x. i\ll one neels to €lo is I ultiply these employ- are
already on the market with varying degrees of sut-Went figures by minimum wage levels to get the Cess.


total wage bill that must he 
 paid ity these crops.
Evenimorv inipressive are the figures that result when CONSTRAINTS TO PRODUCTIONtotal produ:tion is valued either at the farm-gate, One of the theories advanced herein is that thewholesale or retail levels. If the 1971 figures are complete dominance of plantation crops with respectmultiplied by a mere $400 per ton (c:urrent retail to land, labor, capital and perhaps managerial skillsprices) a dollar value of $54 million is obtained. has been largely responsible for the slow rateB3!t ti real qlestion is ofhow nluc:h of this goes to development in the food crop sector as well as inthe yam farmer? Con plete calculations of total pro- the general economic development of many Caribedoction times various market prices viii give a orude an states. By having complete monopoly of landsap roximatito of the relative importance of the witi higher potential productivity and whiledomest ic food not:rop sector in terms of incoine-gen- competing directly with domestic food crops in theeration, narrow sense, the plantation system of productionAniot her dimensioniust be added to this discus- acts as a constraint to expansion of domestic foodsiton. Large portions of these items are sold both crop production. Further, the degree of mechanizawithin the region as well as to North American and tion a,, veil as use of other inputs which couldcertain European countries. In nnrmal times export prove beneficial in terms of scale economics are alsoprices tend to exceedl domestic prices. If one esti- restricted by the buffer of land available for hillsidemates that yanis are abhle to fetch about $750 per farming. Because plantations are in a position to 
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offer year-roun, employment at wages that small 
hillside farmer can ill afford to pay, they attract 
more labor than small farms. Frequently, small fari-
ers are forced to abandon their crops and sell their 
labor to plantation agriculture. Domestic food crop
producers have to pay higher wages if they want 
to compete with plantation crops in the labor market. 
Because of the nature of marketing arrangements, 
plantation agriculture tends to be a safer investment 
and so is able to attract both foreign and local capital 
on a scale that snall-scale agriculture can seldom 
achieve. 

Availability of land and labor and the competition
of their use therefore appear to be the most critical 
concerns for the small-scale hillside producer. Ip 
to a few years ago one could identify vast amounts 
of idle lands throughout many of the Caribbean 
States. But the picture is gradually changing due 
to a more revolutionary approa:h to agricultural land 
utilization policies now pursued in many of these 
countries. Formerly, attempts were made to settle 
farmers on marginal lands without providing the 
necessary infrastructure and training in farmi nieth-
ods. A new approach is being implemented in 
Jamaica with some success. Small farmers and others 
"of proven agricultural experience" and "who are 
ingeni.ine need of land" are being provided with 
sinp!emental tenancies. The state leases land from 
owners and sublets it to farmers for periods of five 
years or more. The idea is to provide farmers with 
additional land to expand their production. They 
are also provided with basic inputs in addition to 
the technical services of the Agricultural Extension 
Department. 

Similarly, some of the bauxite companies operat-
ing in Janaica are restoring mined-out lands for 
agricultural purposes. Also, where available, lands 
are rented to farmers prior to mining. Tenant farmers 
opera'ing on bauxite lands are also provided with 
certain facilities such as training, marketing facilities 
and technical services. The land program is geared
towards increasing the supply of land since land 
has been identified as a major limiting factor in 
fond crop production. 

In addition to redistribution of land, efforts are 
being made to ease the capital constraint by increas-
ing the supply of production credit through regular
commercial banks and other financial institutions 
specially designed to service the food crop sector. 

But provision of additional land and credit, to-
gether with efforts to increase labor supply, are not 
by themselves sufficient to stimulate development
in the domestic food crop sector. Other conditions 
must be met. There is general agreement that hillside 
farming in the Caribbean needs to be tackled on 
a more scientific basis in order to develop an appro-
priate technology. Besides the immediate increases 
that are possible, the long-term benefits of such 

efforts could become immeasurable. Since capital
has been identified as a major limiting factor, ways
and means should be devised to utilize this capital 
to obtain the maximum expected returns from hill
side production. 

One approach would be to reserve these areas for 
forestry as is custonary, but even the establishment, 
upkeep and harvesting of forests are expensive
operations. Another alternative is to use hillsides 
in a nmanner consiste:t with established and proven
soil conservation practices. Crops grown on hillsides 
should he allowed to contribute to the maintenance 
of these practices since it is envisaged and expected
that the establishment costs will he borne by the 
state. This proposition applies to forestry as well 
as to food crops. A cropping pattern that reserves 
the steeper slopes for forestry and fruit trees and 
diversion of less steep slopes to food crops seems 
feasible but is only possible where such lands exist. 
And this is hardly possibhle in such countries as 
Dominica, St. Vincent and parts of St. Lucia. 

What is implied here is the need for a more rational 
and scientific apl;:oa(:h to land utilization in the 
Caribbean. amaica is perhaps leading the way in 
this respect. With technical assistance provided by
the I NDP/FA(), that country, in 19,75. started a 
rather comprehensive program to develop i method
ology for the effective management of its watershed 
areas. The project also includes studies on \,am 
prodoction since the ara chosen for the first phase
of the program .vas one of the major yai-growing 
areas of the country. The basic idea of phase one 
of the study was to introduce sone changes in the 
production system and compare the results with the 
traditional system of growing yams. Yam cultivalion 
as practice( in the Caribbean exposes Ihe soil to 
the full forces of wind and rain. Mulching is done 
on rare occasions an(l is mostly used to conlrol weeds 
and retain moisture. Yan fields are usually kept
weed free until the vines achieve full cover. Early
protection is given to the soil if plants are allowed 
to run along theground, as ithe practice in Barbados 
and St. Kills-Nevis. But if slaked, as practiced in 
Jamaica an( St. Vincent, soil )rotection on hillsides 
largely depends on the spacing practices adopted.
The period between land preparation and plantinog
and when the plant achieves full cover could tbe 
as long as five months. If there is heavy rainfall 
during this period, heavy soil loss is incurred on 
hillside cultivations. 

Terracing was consi(lered an innovation because 
it is a soil conservation measure anti it facilitates 
a great deal of nechanization of some of the yam
growing techniques in the area. Indeed, digging yam
hills, banks or holes on natural hillsides is laborious 
and time-consuming. Sheng and Michaelson (1973)
indicated the following changes in the production 
system in the [JNDIP/FAO research project: 
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(1) making contour mounds by tractor instead ofhills made by hand; 
(2) use of fertilizer; 
(3) using 18-ft. stakes instead of shorter ones;(4) closer spacing made possible by contourmounds; and 
(5) cultivation of yams year after year withoutfallowving. 

The traditional system adoptedsimulated and incorporated by farmers wasinto the experiments.
Of immediate interest to us is the response of yamto the various treatments. Table 8 ofshows somethe results of the study, 

TABLE 8. Production of yellow yams from
run-off plots, Jamaica (tons/ha/yr) 

'rv;atii Y,.r I Y'.ir II Yr, r Ill YJjrIV Aveiav 

h ch "lrra ,.. 

lotil jiri'Itim,,,i 35.3 44.2 32.6 :37.11 :17.5S,u.d.vivid 
 111.5 3o0.4 21.0 2:1.2 2:3. 2 

Ilillsith, l)ith 

(.,miotr Ah,,ds 


oJlal
production :17.5 44.5 31.11 :7.3 40.0S,1, hh.yi 20.5
1 29.6 26.2 21.2 24.9 
Ilsih.b litchad Hills 
"t'ohdiroit ition43.2 47.2 :37.1 15.3 40.1 
S,1,h24.1
Tr,,ti, ,,',,,Id 33.3 25.2 2:3.5 26.7 
'i0ohd
Ijrod ,:1ion 5. 5:.i 1 :3.1Tal, yloid,. 1.6 7. 26..1 4t1.(122.11 . 24.0 

.Snm,:,, Adupwled frm Sheng, T.C. and Michaelson, T. 197:1.Run-,ff aod Soil Loss Studies in Yvllow Yams: Forest Devrop.nu i iI,) tsh i AIanapenInth v Upland Regi, Iinia i
IIN[1' FAt. 

The researchers itnlified twoimportant findings:Tn 

(1)thit continuous cult ivat ion on the same plots

for five years did not result in any
nema t0(h: dlamage. Furt her, terra(:inmg appreciabledidl not result 
in any lrasimd(ecline in prodcitnion; anui(2) thdreasc dlineapprtduteiora tiinaI i(2)there was no apparenldeterioration in qualityde acceptaoile, 

The first point is important because farmers gener-ally prefer shifting cultivation because of yield lossesan( nematode infestation. In addition to the olbserva-lions of the researchers, it can be noted from theinformation presented in Iheltable that the newmethods introluced consistently performed belterthan ihe tra(litional method in terms of total produc-lion. While results of Year I and Year I1showedhigher total production and sa bleahh
yields, all yieldswere lower than previously at the end of Year III. 

RANKINE 
The decline in yield for the traditional method wasthe sharpest (20.0 tons between Year II and YearIII and 6.7 tons between Year III and Year IV). Furtheranalysis of the data shows that whereas the harvesting efficiency ratios (saleable yield /total production)in the traditional method were relatively higher inthe early years, at 
all 

the end of the observation periodthe ratios were similar for the other methods 
of cultivation. 

The study also suggested that soil loss at a rateof 14.8 tons and 9.8 tons per ha per year couldbe tolerated on deep and shallow soils, respectively,and that both weather and soil formation processes
in Jamaica were generally higher than they are intemperate climimes.
 

The overall results 
 obtained are not surprisingsince experiments with yams obelsewhere have 
tained yields of approximalely eight times theaverage figures presented in Fable 3, but the resultsshow once again the tremendous possibilities thatexist for scientific exploitation of hillside cultivation. 
However, in the final analysis, whether traditionalmethods are indeed inferior to new techniques
depends on the incremental benefits compared .. 'iththe incremental costs. Similarly, choice among th, 1alternative methods of producing yams on hillsidesalso depends on the criteria referred to above. 

Very little has been said about the marketingsystem as i constraint on food crop production. It
is general knowledge that the system as it operatestends to hinder rather than stimulate production of 
these crops, despite the presenceprice system . Food of a guaranteedcrops are being forced into 
a
marketing system copied from developed economiesand very little attention is paid to modernizingindigenous systems the

that have developed over theyears. As a result, the two systems become competi
tive to the extent that they frustrate farmers. 

mPRODUCTIONFUTURE OF HILLSIDE FARMING ANDOF DOMESTIC FOOD CROPS 
Current indications are that pressures on the doesticagricultural sector will increase significantly
arm ituaIsc rwl iraesg fra l 

over the next ten years because the sector will be
called upon to play a more strategic role in the social
and economic transformation of Caribbean econoinies. But it appears that official agricultural policy 
will continue to emphasize export agriculture. Currently, investments in export agriculture are being
nade at a faster rate than in the domestic agricultural
sector. For example,there is a massive rehabilitation
 program for bananas in the less developed countries
of the region and to a lesser extent in the moredeveloped areas. Sugarcane production is beingexpanded and re-introduced in various countries.Colton is rapidly regaining prominence as an exportcrop. And too, foreign exchange earnings are stilla development objective for many of the countries. 
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But if the policy of import substitution and self-suffi- annual average increases in these demands for speci

ciency in food supplies continues to be a part of flied food groups. The demand for cereal, cereal 
the development strategy, then domestic food crop products and starchy roots and vegetables are pro

production must assume greater importance. jected to increase by 32 and 17.1%, respectively, 
Data in Table 9 show projected increases in per by 1980. It appears, then, that possibilities for sub

capita consumption, increases in total demand and stittition between these two food groups offer the 

TABLE 9. Regional consumption and projected demand (1971-80) for selected food groups 

lien:iitagi Annual 

Per Capita Consnunpliun Toetal Deniland 1le:lrast, ill Averagv 

Food Grops 1971 19110 1971 191() 'lotal lma lle:reasl! () 

kg/.jr Thousand kg/yr 
:11.9 :1.1Cereals 9:L7 105.9 .117 790 551 045 

Rice 28.2 29.5 125 563 1534-1 22.2 2.3 

Flour 55.7 65.9 2411525 343 110.1 311.0 3.6 

Corn ald meal 4.7 4.9 211001 25271 20.3 2.1 

Others 5.1 5.1 22 701 29325 29.2 2.9 

Roots and starchy vegetables 134.5 134.9 5199110 701911 17.1 1.01 

Sugars 39.5 41.9 176 10( 2111121 23.11 2.4 

tPulses and nuts 8.4 9.5 :17 399 49:1711 32.0 3.1 

Vegetables (non starchy) 33.9 39.4 151(1411 2(14 7114 315.6 3.1 

Fruits 71.2 119.11 :117 I07 466 71111 47.2 4.4 

Mial 31.2 44.9 131272 23:111711 67.9 5. 9 

Fish 17.8 21.6 7!1 :1 1126191 42.1 4.(1 

Eggs 4.1 0.5 Ill160 34 3511 11.2 7.3 

53.2 4.9711i9i9 11794717.3 22.6Milk frt-,.h
evaporated 18.5 19.4 11254(1 1013 494 25.4 2.4 

butter 4.11 7.4 21 755 :16:1(15 71.4 6.5 
other 9.2 1Io1R 4101115 55475 35.7 :1.5 

Source: Adapted frorn Shillingford. . D. d iltds, 1f. "lrospiclive itrniand for Food in Ih1, Comninnwnmllh Caribbean." I1roc~'emings 

of the loth West Indie~s AgriiulturalEconmnif.s (ollfer,.I. Pl'narv lapers, Vil. 1.pp. 41-5:1. Dvpt. otAgr. Eeon. ll Farn Manageeivnt, 

U.WI.. St. Augustine. Trinidad. 

TABLE 10. Percentage distribution of increases in demand for specified food groups by 1980 

Coulintrie!s
 

Trinidaid l 

Food Groups Jamaica tlarbaldls lobago (lllia ECCM Total 

Cereals and cereal prepariations 40.3 5.7 27.3 17.7 9.1 1110 
Reels, tubers and starchy 

vegetables 50.0 3.2 17.0 11.11 17.0 1110 

SIigar 45.3 4.11 24.0 15.9 18 I(i0 
Pulses and nets 41.7 0.11 37,11 11.4 5.2 100I1 

vegelables 40.0 4.3 311.6 13.4 3.5 1001l 

Fruits 46.3 2.1 24.11 5.4 21.3 1(0 

Meal 45.4 6.2 32.9 0.1 9.1 111 
Fish 45.2 5.5 25.9 16(1 118 11o 

Eggs 17.0 :1,5 40.2 6.3 6.3 1(i0 

52.1 - 7.4 111.6 17.7 '1 1 111)
Milk fresh

evaporated 3H.7 :.6 40.7 12.3 .0,I 111 

Oils and fats 311.3 3.9 45.2 6., (.0 1111 

th 
Proceedings of the loth West Indies Agricultural rIononics Colelrencv, Ilenary Papers, Vol. I, pp. -11-5:1, Dlp. of Agr. Econ. 

and Farm Managment, IJ.W.I., St. Augustine, Trinldad. 

Source: Adapted from Shillingford, 1. 1. arl lildls, II,W. "Prospectivv Demnand for Food Ill Cinwiiiealth (:iriliwan." 
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greatest ;:hailenge to the doImest icagricuituraI sector,since a majority of the cereals are imported. Bulin view of the comments on constraints to prodocl ionreferred to above, replacement or displacement ofcertain cereal produtcs by roots and starchy vegeta-
bles will be a formidable task. Further examination
of the data in the tabe shows that greater increases
in demand are projected for foods with higher proteincontent than roots and starchy vegetables, e.g., de-mancd for eggs %viii increase at a rate of 7.3'% perannuim compared with 1 per, annum for rootsand starchy vegeta bles. Consequently, the perfor-mance oif the domestic agricultural sector will beaffected by these anl other changes noled in thecomposition oIf the demand for various foods, 

Data in Table "10 can be use(i as a planning tool
for the Carihbean since they described the projected
percenlage increases in food demand onbasis. This information can be a country

used to eslimateadilionl acreage required to satisfy additiolal 
demnild, given present consmption and prodin:-
tivitx levels foi the various crops. The implicalionsfor national agrictilt tiral program are therefore very
clear. Drastic changes will hav to be ma inle theapproiach to food crop production if ithe food supplies
are to c;nie from local Soturces. Some adjustments
ilre ctirrently il the making. Joint venture projects
hiaV( 1)en estlshilished between several Cairiluancountries. The Caribbjean Food Corporation will
begin operations soo0n. The Corporalion wVill promolltelirge-scile prodctition of various C0otmicltiies hav-
in g ;I high iinport cont e nt, e.g.. corn and1(1 siva Ibian.Similarly, tile negative list is being Jused to guileconsumniption patlerns of Caribbean peoples.


Ilillside farming will 
 conlite to be important
with resp:9:t to Ias:ic staples, Ibcauiitse theiy are still
aniig the cheapest sources (f carbohydrates,wr.og Iheircheape-stjn surceslds cabon ~te 

Ilaltr of increase in land 
anl labor prodticiVily. 

Agricultural labor is no 
longer readily available dueto development of olher seclors suh as manifactur
ing and services and perhaps a growing relictance 
(f Caribbean people to continue in agriculture asctrrently pract iced. The introdtiction of minimum wage legislations in agriculture will no douhl forcefarmers to improve their performance if they are 

to remain in agriculttire. One, logical 
 reaction willI)v a switch to high-priced crops for which largei,:reases in demand are projected. Thus the compet-ing deniand inight introduce changes in land i(s(
patterns oil hillsides. Fruits anl vegetables are the crops most likely to dlominate the picture in theIivlr f tlIle. 

Ar area worth considering is development oflinkages with the phitalion/export agriculture. Be-
sides providing capital for investments in operationsstich as terracing and other infrastruclural develop-ments on hillsides, export agriculture might be 
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encouraged to share production technology withdomestic agriculture. The production technology
referred to should be extended to include marketing
as well. The prospects for fulther advances in agroindislry can be improved if there is closer collabo
ration between the plantation and hillside farming
in terms of land use and production. Together theycan provide stronger linkages with other sectors ofthe economy. Research efforts on hillside farmingtechnology need to be increased. However, the sitccess of these activities will depend on the generalpolitical climate and its effect on economic develop
ment, paricularly the role given to the agricultural
sector. Caribbean leaders have yet to demonstrate 
a willingness to develop a permanent and viable 
agricultural economy. 
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DISCUSSION 

R. W. Brougham (New Zealand). You mentioned 
at the beginning of ,otir talk that soIme of your land
is either 100', or 
 51';, ovn,,d by the state. Other 
areas of your land are owned by private individuals.
Could yoti describe the differences in approach tomanagement , for instance farm sizes, how yot goahout managing these and whether the state-owned
farms are more proluctive than the privately owned 
farms? 
Rankline. We have had a very interesting experience
in Jamaica. When the state emharked on large-scale 
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mechanized production, mainly of imported com-
modities such as peas, some legumes and Irish 
potatoes, in some cases, at least during the early 
stages, there were significant increases in produc-
tion. But later a political variable entered the picture 
and it became necessary to employ a significantly 
large amount of people (labor) in order to ease the 
unemployment problem. At that time costs of these 
enterprises were exceeding the returns. These are 
new ventures. I mentioned that the state had acquired 
some sugar plantations. They are now developing 

44. 

what we call sugarcane cooperatives. The manage
ment structure is largely retained but the workers 
are being slowly introduced to the managerial as
pects of large-scale plantation management. The first 
step was to redistrihutu ownership. Workers would 
perhaps be a little more interested if they felt that 
they were participating fully in the activities of 'he 
plantation sector. I don't know if this will clear tip 
your concern. We haven't been involved in this 
exercise long enough to e'alate the full effec
tiveness of these operations. 

Hill Land Farming: An International Dimension 
W. C.Thiesenhusen 

Land Tenure Center, University of Wisconsin, Madison, Wisconsin, USA 

.. .even the battles to purify the noxious clouds 

over Tokvo ind Sao Paulo. and to restore life tol.ike 

Erie are )ut skirmishes compared to the tncontested 

routs being suffered in the hills of Nepal ind Java, 

and on the rangelamds of Chad and northwest India. 

A f a r d eadlie r to l l , a nd p e r h ap s an e v e n g r e a t e r t h rea t 

to future human welfare than that of tht, pollution 

of our air and water is that exacted hv the undflrmining 

of the productivity of the land itseif. ..Not surpris-

ingly, the principal victimis of thrse trendls are the' 

world's poor who. in their (piiest for food and fuel. 

are often forced by circumstances and institutions 

beyond their control to serve is the agents of their 

own undoing. Though poerty is often associated wilh 

a pristine environment, and affluence with desp,)ia-

tion, in some importnt was the poor ire (dimaging
 
the environment even nmre than the rich. Today 


the human species has the knowledge of 1)st mistakes, 

and the analyticai skills, to halt (destrnictive trends 

and] to providle an adequate diet for all using lands 

well-suited for agriculture. The mounting destruction 

of the earths life-supporling (capa.ity is not the prod-

oct of a preordained, inescapable human predicament. 

nor does a reversal of the downward slide depend 

upon magical scientific breakthroughs. Political and 

economic factors, not scientific research, will deter-

mine whether or not the wisdom a;cumulating iil
 
our libraries will be put into practice. 


-Erik P. Eckholm 
Losing Ground 
1976 


Contemporary economists are interested in hill 
farming because of the inescapable fact that all over 
the Third World, and at an ever-increasing pace, 
slopes and hillsides are yielding to the pressure of 
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population growth. The phenomenon is hardly ite\,; 
in every thickly populated region most fertile valley 
soils hav(! long since been developed and exploited. 
In some established farming areas near the equator,
public efforts to control such diseases as malaria 
p ual i csle e p i ng so(:k ners, sgichr iwi t h eroad :on sa rai : 
and sleeping sickness. together with road constrtc
tion, have ptrmitted population to miove frmin the 
highlands to the hot, hunmid lowlinds. Governmental 
programs of irrigtion and reclaiationlhiave allowed 
new or more intensive use! of' sonle other lowland 
areas. But most of the new land coming into agrictil
ture through the efforts of individuil farners has 
been steep or sloping land, and population growth 
has relentlessly speeded its exploitation. 

If economic .mplications were eximined by theml
selves, some complex interconnections aniong so
cial, biological, and physical ficlors would he over
looked. A simple description of whi typically 
happens as hill lands are converteld to farming may 
help to keep them iii focus. Where hills are a 
predominant topographical feature. the trees in the 
valleys are first removed to make way for sedentiry 
agriculture (often row crops). Forests in the high
lands continue to proftect life in the lowlands. pr

riding ground cover for easily erodileh shops and
 
also furnishing firewood for the valley dweilers. 

As populatlion grows, young people establish new 
farms or enlarge their holdings by pushing on to 
foothills and even sleeper gradients, necessarily 
cutting the Irees that grow there. When trees at these 
levels have been removed for farming, rural families 
begin to take firewood from even higher slopes. As 
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the forest bor(er recedes, more and more hillside 	 identity? What problems are posed when this processsoils (which are often of lower quality) and forest results in a face-off between two cultures, one fromlitter wash down into the valleys overcovering prime 	 the mainstream and the other for centuries closedfields. As forests become increasingly distant, cow
dung becomes a reasonable substitute for firewood 

off from it? Issues like these remind us of the futility
of studying problems of humans as:;fue:l. (Kerosene is usually much 	 if they weretoo costly for packaged as disciplinaryday-to-day use in farming communities of the kind 	

units. Although I will try
to extract some of the socio-economic problems fromwe have bleen describing.) Every unit of (lung burned 

as fuel rn,,ans on( 	
questions like this, it should be obvious that theyless unit available to restore the cannot be treated adequately without the expertisemniural fertility of the soil. of the agronomist, the soil scientist, the engineer,In the humid tropics, the picture involves addi- and the botanist.tional complexilies. Beca use rainfall there is so Economists who studyintense, the destruction of ground cover for row crops 	

hill lands in the context
of the contemporary international food problem tendis a questionable practice even in the valleys. When to focus on marginality of agricultural production,hillsides are laid bare, rivers and irrigation canals an issue best formulated in an earlier epochhecone clogged !nd valleys silted with startling 	 Ricardo, one of 

by 
swiftness, the first true economists. In 1817

he provided a theoretical framework linking capital,The consequences I have described are dramatic, labor and land whichbit their coining is 	 posited the centrality of theso gradual (and, once begun, population-agriculture issue. He saw landso inexorable) that little has been 	 as thedone to modify factor which ultimatelytheir impact on the livelihood of people in the 	
would limit economic

expansion. In meeting larger demands for food, heeinidiate area or oher areas linked to it by ecology, reasoned, successive employment of units of either)rouI ti:ts sold, or labor exported. labor or capital onThis simph :I is repeated, with infinite varia-	 a land supply that is essentiallycase fixed will bring diminishing returns of agriculturaltions, in dozens of poor ountries today. For many output to those factors.of them it has been translated into the dominant
issue of the food-poplti t niou-tnvi ron ment contro-

As poorer lands are brought under cultivation (the
idea that the supply o! land is fixedversy. was modified
only by the fact that less agriculturally apt landGrowing consciousness of the breadth andseriousness of this problem is sore to bring insistent 	
could be added), competition among those who farm
for the(emands for economists to contri bute 	

better grades of land causes a portion of 
analyses. ''o do so, they 

to policy 	 the produce of the land to be transferred to landownwill ne(,d many of the
traditional economist's tools and kinds of data: costs, 	

ers. This return is "rent," or that portion of the
prodcce which is paid toretlirns, and feasibilities 	 the landlord for the usefor this steady movement of the "original and indestructable powers of theui the slopes compared to the alternatives of usingexisting land more intensi vely, moving people else-	
soil." 

Ricardo's viewswhere, 	 were in marked contrast to theor generaling non-agricultural employment ' philosophical optimism of many thinkers of his time:costs an(d availability of firewood, kerosene, electric- his theoretical constructs at the same time broughtity and other fuels. But in economist's policy pre-
s(:riptions will be grossly misleding if he does 	

some rigor to Malthus' pessimism. William Godwinnot in 1793 had excoriated the present but hadalso utilize (dajta on 	 seensoil andi weather in evaluating afuture in which "there would no longer be a handfulthe capability to sustain human enterprises at sit:- of rich and a multitude of poor. . . (T)here willcessively higher locations and the feasibility of such
soil conservation procedures itsconlouring and 	

be no disease, anguish, melancholy, or resentment.'
ter- It was inevitable that such optimism would bringracing. How do different kinds oif soils react when itground cover is 	

reaction, and Malthus, in providing it, formulatedbroken and they are exposed to the raw material for Ricardo's ideas. Malthus wroteintense heat and driving rainfall? (If heat is intense in 1798 that population would outstrip all possibleenough, nutrient sources may be (estroved; if water means of subsistence. Far from ascendingmovement 	 to higheris ra pid enough, nutrients themselves 
may le washed away.) How (lo new crops 	

levels, mankind was caught in a hopeless trap inor new
varieties respond to 	

which it would be driven to the brink of existence,soils and water or fertilizer condemned to atreatni ts 	 losing battle between populationto which they have not before been growth and( the insufficiency of naturt's larder.exposed? What constraints of imagination and action Ricardo was responsible for casting Malthus' ideasdo the pecpli fau:,! when they hat, no off-farm into a theory-now we would call it aemployment oIpportuonities, uncertain 	 model. His or insecure early eighteenth-century economic worldrights to ithe land they farm, 	 was dyno experience (or bad namic, but the stationary state was right around theexperience) with groutp action to solve their prob- corner. As capitalists reinvested,lems, 	 new shops andantI little: community leadership or group factories would appear. Demand for laborers wouhl 
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increase, but their temporarily higher wages, he 
prognosticated, would simply mean that workers 
would multiply faster. As they did, more food would 
be needed, and poorer and poorer lands would be 
required to feed the now expanded labor force. In 
Ricardo's formulation, the capitalist makes growth 
possible because he reinvests. Since food supply 
couldn't expand fast enough, the selling price of 
agricultural produce would rise and, naturally, so0 
would the returns (rent) to landlords. But the land-
lord's rent is not reinvested and, in order for Ricardo's 
construct to make sense, the landlord anrid the capi-
talist are never the same person. The process of 
growth squeezes the capitalist doubly: first. by an 
increased number of worke rs. to whonm he iust pay 
at least a subsistence wage: ,lu1d Se(;ondl. by the 
landlord-a most pernicious character-whose rents 
rise as less productive land is pulshed into cultivil-
tion. If capitalist and worker ir, the active partici-
pants in the econi:dc proc:c'ss. tiht lndlord is ill 
best a passive beneficiar.. \hen w',s rise to reduce 
all profits to zero. the growth pro;e'ss stops, for the 
capitalist has no nore incilitii, lt invest. 

For most lf humninity, thl, rinevnth ce~ntury did 
not slq!ethl drearY ilimncine prlrcsgd bY Ricardil. 
nor has the first thrv Itlrrti's of lh, tweitieth. Soei 
believe his ileris I( he hopelvessly (i'(d: I believe 
that to avoid their iiplicitions will tiaki fosiliv 
planning. When whvit fields togin crvee:ing- op the 
hillsides of laniid in Ihl list i;entmr. Ihey wi '! 
stopped by a rather simpl, nechatnisn: inloris of 
grain. Indtistrialists lobbied hard for freef-r inltern-
tional trade and cheap food for worke~rs. iid they 
got it. Also, Malthus ind Ricrardo were wvrong tidilit 
population growth for their era: it did riot proi:eed 
on Ihe ranilpani (Iurse they hal forecast. Anolher 
limitation, perhaps tihe most dlecisive. in Ricardian 
theory was its lack of recognition that there iallror 
ways to increase agricultural production than by 
simply )ringing more land into proiduction. 'lhe 
unprecedented innovations of the last century and 
a half made it possile to keep food produ(:tion up 
with population growth without moving ti slcces-
sively poorer land. Indeed, applying technology to 
produce a surplus in areas natunrally sui ted to agri-" 
culture has been the cheapest way to add to the 
in d ige n o u s foo d su p p ly . -


There is another side to this coin. just as Ricardo 
didn't foresee land-saving technology, neither did 
he, writing in England where rainfall is gentle and 
hills are slightly rolling (and at the time quite amply 
covered with natural grass and trees), imagine the 
havoc that man could wreak by despoiling natural 
resources. 

But the food-population issue is again before ts,
abot a century and a half after icardo set clown 

his thoughts in orderly form. Now, the setting is 
different: the contemporary less developed coun-

tries-which were then underpopulated and entered 
into no one's calculus-are the problen. Today, the 
ideas of these dour first social scientists look less 
prepostct'ous than they dill even a decade ago: 

1. Population is growing at a rate unprecedented 
i human history arw it is more (hat simple tautolgy 
to observe that this growth is greatest where agricul
tural land is under the most pressure. Most denio
graphers think that the current population if the 
worl will not quite dhule by the eld of the century. 
hut exactly how fast it is growing is i imloot point
growth is quick enough to cause alarm to every 
thinking human being. Even nov theiexperts alet 
having a difficult time figuring out how more can 
be proluced in some areas, or, where there are 
hunmper crops, how they :an be distributed from 
those who hav,.: too much to those who don't hate, 
enough., 

'2. The margins for sustaining less developed 
countries through international trade are not so large 
its inlthe receln past.: !'hi Inited States is the largevst 
exporter of grainliut mnost must be paid for in bird 
cirrencV. Th e prospect is that, if events r:oitlionl 
onl their plosent course, less developlled countries 
will l'i:ole increasingly dl!plindl oi liht hinited 
Slates, all lnsalisfiltrv' solution for both ts iold 
tlhnl. 

3. Most dramli;ti increases in) rates of population 
growth ie occulrring in tropical iras where w e 
know least aoiut produiing inure frol a fixvd land 
base: most of outr agricultural technol(gy comsis from 
the temperate zone. It is one irony of soils in the 
tropics that sone.what sloping lands illay bw 111ore 
attractive for farling purpotses than Hat land lIcaise 
the hills receive nutrients front the irulerlay of parInl 
ro:k. Sonle (irhinalion oif hea., inovin water, aind 
rock results in soil formation, Flilands In' have 
little mineral base or minerils are leaclhed otuil. (Of 
Course, if hills are too steep, soils nay lie forenwd 

Wiih it nurnler tie lirovisis, the hine l ef il ri!ecent :iiniidIoilln 

it eriiclts of) tOe %vole foed liroleitml is itore olitinistit. thin 
mosl. See Scji'nlii Abnvrici. "tood and Ag'ricultur,.." S,,p~lembull¢r11t176.
 
t O e tI070., her 


ite re o ir.'%s . soti c , 1efco lrse, ! il i e v , thui' ,itli s t )ap rio t u ,ie; lpres';eoi into iiso in ot'e~ti~hpeii e;oollltrie!s te prou(]iei ! whit 

less devehlelwed i.ollil .risiieell. 'lhl, tIulst .rale lind il Itee 
IUnited States is ,,Irviuty i roduii. .... Toi feed . glowing 
[I.S. litpllatio or increas, the wortl iwr c lpitae diet (or toil). 

ihf iunounl of crophliln under (;tltiiiin cn l iicie,istd or 
Ihe productivity of the lanod thcity iuiVeitd ill bf! ili:i',isf'd.
Eilhr ecoetrsw would rejIireq viieormoiollllieoints lit ellrgy nd 

c~ould rol tie i:oiiliileit iilifhitet. Mijiir iovltiinion iieects 
would ih rei(luireiil itri in, gradlo, al irrigaill ( stiini,ilwi 
75 millio ac es 1:0.36 illion hecitarsl in die I niied Slates 
thait are pootentially irallte." I). tllnillhtI, el aI.. "l.anlllegriili
ae yfwlion:ff s oll Fooed and Ehne:rtgy Resources. ,,ience, iH14 
(O(tlyor 1, 1976), 15:. Currenity atuieit 154 inilliin hie'ctares 
of tihll arahlih land ill Ihe it.S. is linder cilliviltiell. 
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an( quickly irace inaccessible because of erosion. 
So life becomes an important balance between such
factors as degree of slope, speed of water, depth
of mineral source and temperature. Research is
required to find that balance. 

4. l)espoliation of the environment due to over-
grazing, erosion, and leaching is rampant. While 
ithas been so for years, it is more serious now anl 
has been recognized as a critical worldwide problem
only in the last decade or so. (Of course, it wasconsidered serious in the United States, beginning
with the dust-howl days of the 19:30s, but an interna-
ionalprohlem wasn't recognized.)
So) in addition to curbing population growth and 

in(reasin g proiuitction, soine attentioin nleed s to be 
given to the preservation of marginal areas such as hillsides, which are increasingly being inhabited 
itnd expected to provide the sustenance for growing
poltl ions, 
()fcourse, there are reasons other than the sheer 

pressure of )opulation why people live on hillsides,
an( lave .oned so for centuries, which have little 
or nothing to do with these exigencies of Ihe modern 
(liy . 

I.hi some areas of the world, hills serve eithers refues fromalo tly the
as enclaves of cultural idetitit sfr t
(discrimination of the lowlanlders, or as onvil.itli 
,strongholds for thtose who are c:onsidlerel by the
maijority aisthe least dlesirable nibihers (f society
(who) wouild pre~sumilably othe~rwise have to he It~lel 
with in more meaningful, probably integrative, 
wiys).This depends on the country in question and 
thi,nalyst's political philosophy. 
). In some tropical ireas (of the: world, less pro-

Inlivt, hills were ot:,:uipied hi esi:ape the: malarial 
lowlandls. With th(, (isajipearing threat of malaria,
there is illlvelleill in some cltilntries to the as yet
iinchartel lowland areas. Btll(! thntperate climale,
the: familiarity of lhe eltivironment. ani ti( religious 
overitones which allend sonil(h~l~ll~ll~lli~nl 
 ancestral lands hinder 

illiIhtiin.f 

"Ilt: aJi
lil ini-olern laiillsioisollthirIS Asii inlildtSi nrlllis
if pains lrit, who ftrn. in iii:h c,is,. r ritativily htrrigr-

nios 'indllriSptllillioi. Each rf thiis,,l 
 liwo lrs slritks it
singlr iloolin irt llingilgi , is chlictr, rizutl hy li viirr i!t ho i 
it I t! wrorld's giral riligitns. inl is stltsistrnit:, lisil tlion 
inlrisiv ri l'iiv,agrir u:ltll. Iitnlaclh of flit itllriv llsiriitlhds ,i Iniitority otf hill itlilt, whi) ivstri lw, fir irnr 
hirlrg-vllltils. hliy spealk t, I ittitlle of liiguilltts. h,1%t I 
itliticill unity ,ii rllng lhvulsilvr.s. ntd onlil thle Lst I nltlhlvIivim.i i i. Oln Illotllts prlilical ties witlh dhlhInns. 

Tl'h4h ill I Otl US lv itticry shifting ,igritrilthirt , aInd h.'%V
h ili itr:h slwvir to ilctlllitBdililhists. Ilintlils,irMuslins 
thi li h eIh rs on 'ir ieilthh hlit-lilins. lilbhiiis uirling, lill 
/'li'nisr mli Fields: Life inand 
 it1 MAlinlhold Soutnithisl Asia
(Engluh itttl Cliffs. N.I.: Prenliit- Lill. In., 1I965). t. .I.For ilrioti lnintiti il irrina:li whi:h shows ar:r:tlt uraitin, srr, thim 
I.Wiilhtiie, Ilil ind Vdlley li rier,; ((rlhrirtg,, Mass., inl 
I.iilli: Sidirlnkiiin llilishiing Coianry, 19170), 
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3. Some tropical hillsides are farmed to provide 
a more diversified cropping pattern, more work
throughout the year, or for a more adlequate, well
balanced supply of life's necessities than would be 
possible in their absence. in the tropics, small
acreage farmers may have sugarcane in the lowlands,
temperate vegetables and row crops at, say, 
meters, and pasturage farther up.' In some Central 

.Agricoltui principal activity of hi residms of Uchuc.is th 

inara Ilt
vitlage tocaied ast of the Marion River ti northern 
Per Ihtere, thi,Andes provide iacornphx mnosaic of micro-en.
vironmenils within i timited radius. The Uchicmarquifios useta nd which ranges from 110() to 4:300 relers in aliitude. Theydivide this area into seven zones (o\'ing from lowest to highest 
altitudej)... 
"Temple (1280-1500 meelers in allilude). This is the lowest and 
hottrest zone, the smallest in area andc.ltivilted. Irrigation accoiplanies all 

ithe most intmsively
cultivalion. The majorcrops are'tsugarcan. coca, rnize. sweet potatoes and bananas. 

They are grown principally for cash sale. 
"Kichwat Fuerle (150(-1oto meters). This is it steepv sloped 
zone which contains th, least initount of ]euel and. It is 
extremeily suscel ) itdi to drought and because, of this was largelylandoned between 1965 anI 1970. Given sufficient rainfall.w leilll dilail can Iv grown suci;cssfrllv, as cii alfalfa for 

clttle feed. Some households specializv in raising guinea pigs(ry,,s) and chickens for Irade in the tipper valey. Fairly densestlds of shrolhs and ires i)rovide firvwood for the village.
"Kichw, (1100-2450 ners). Rainfall is moere drp-endille here 
so there is no irrigation anl both tht anount of cullivabl
 
laro ind -thesize (ofdois are grea ter thmn in the two 
 lower 
zones. This is tl pritiry grAn-lrolucing zone. Major cropsIrehwhetllb, oltandlizi: se:olntlrv crops ,irbeans, ilfilf,harlhy ihgoey.irnd somevfruits. Whit'grown in this zone is Ihe single 
most inmortani inthe, dit of thle 

cdlories and plrotiins.
 
"T.v.. (2450t-21t0t nt1vus). 


croi) \alley' in terms of both 

plit This is ,itinthrm(liute zone,
shairing somi, 0hii.itristics with hosthaboveis rmarkdt by fairly stvep slope-s nd hieow. Itand hen:e ia riducedi area forc:llivitioi. lithe: lower ).art of tIlzorir, whelt. nliz,. itl
 
hartvY are -rt Ilintwi. 
 ltiper Irt solt,unritivs of potato, 
..idney beans oani br.,l heans arv grown. Two crops-nil'ias
(lentils) and irte 1ves-_, lrincilil sutsisten:i, crop)-irt,
 
gr.wn t'.tttl)-:tstttt lnothrs). TIbis is lhr,
"la.a 
 nl0y in his zone. hlist ,rgrii:oltrtl zrrnr 

th ,ilhuv:ohtlii its limits the thriea of frost is too ci:nstnlt. 
Th valtry vidlts hen anli fh hillsid s htr.nr hless slir,.
oii s are tfit itiajor :rop. ()thrr Anlrii tolurs irelso grown
atsin tuarrvY and hrtl hv,ns. Soin, iinals ar pasttred hivre."/,lia Fuirtrt, of(35t0-431110 inirs). Thi ntist imporlint ris(,

this zinl, is grazing tf ,liirils tin i:Oinimtnt llv owed l rrs.
it lst 
''l's, i il ils irvkept lar.ily for their ittiral incriis which

is sld ,ritlh1 than1 is Silri:s of milk. r;hai-siv in mealt. Sheep

i rllsto valhvd for th ir wool. 

"CeP dr,e Aflitt (2500tt invtir and ltlttlhw). The largist portionif this zine lit's il tlt r,ut sitd, if the Andean cordilh rt. 
lthavy vug iatiit. riinfill, tl istiri. ht.w soil firtliiy, ioilrrrggdrt terrain t 
is r;1it anti initals .rv h nhI. A linimilt ,inil 

niekv ctlhi'diovvirtlinlly impoissible. Ltinttr 
her wihl 

( Slihslsh-itl.hi-irn igrit;ulretiri jirititr:ing nitizi aitn hitlls) is 
irantlii:l ol thivtilt lirwer p rliions (if Ihis zio . 
"Itis rliffii:uill h slate, th. ntmiutvr of rigions in which lhe
villagirs ha'ie il(:u:Isstto plnts. The iti l, of t:ourr ill. is srvn.My ilnipres;.ion is that alhntist ,vvr' houtsitirht his ac:ess tit
 
Ilts iiln irverr,riof four ti fivr 
 Zoiinis-as owier, shirr:rillier,. 

orr day lahiror wthisie wagivs iarpaid in tlit priott n :lt ivalit. 
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American countries, large-scale farmers may have 
cotton at sea level, corn a little higher, and coffee 
on the steeper slopes. In parts of China, hill land 
provided fuel and green manure for the rice farmer 
whose main fields were in the plain. In certain 
low-lying rice areas, which are liable to severe 
flooding, it is advantageous to have a small patch
of higher land to use as a seed nursery, even though
the Iwo plots are not contiguous.' In Sri Lanka,
comparative advantage for the export market was 
in coffee and later tea, both grown on hillsides. 

4. Some hillsides are occupied by small-scale 

farmers because it is their historic legacy. The pattern

of colonial settlement may have created 
a land tenure 
pattern of latifundia estates in the rich v'alley land 
which left the vast majority of those in agriculture
in a marginal position. In ordter for residents to obtain
subsistence, hillsides were the onilpossibility. In 

times when these estates were in (ldanger of a rebel-

lious group of nonovner peasanls, the ow'ners 
miav 

have parceled out some of their hillsides in order 

to placate the lad-hungry poor. If there had been 

a dvoamic labor market 
 (if, for example. unskilled 

labor was needed in cities), these mini-plot f,,rmers

would have sold 
 out long ago. If there had been 

a dynamic 
 land market. any large holdings not 
intensively farmed might be avdilable to malke better 

use of their labor source. When such is not the 

case-and in most less developed countries it has 

not been-historic patterns become congealed." The 

It appears that the resources of Lind d I!,ur art,.lequti,,for the village as Iwhole. There art. hwfver. diffe-r,,r:e In 
resource distribution among households. Land and I,,borre
distributed by a number of reu:iprocat rilationshtps whicd.h rv 
established primarily through kinship links. Tlh.mnslinmportaintof these is sharecropping, ,rudolhers include ,'xch,t.i. ,f iior

and exchange of food." 

Stephen Brush. "A Study of Subsisfen.v .. tiviftis i I't
hiui:. 

marca. eru," LTC Newsletter ti.40(April-Jun., 1973), p.10. 

See also Stephen 
 Brush. Subsistinci Stra,,-'eEcoluoy in an ies ,ard Vrta.,ilAndean Cornmunity: .%hiu:rari,, ).Per,"' l'h

Diss. iMadison: University uif Wisf:onsin. N973): :rmil Iane'.
Possibilities for the Ecomnic Reorgmniz,t iim of Minfofli,'a in 
a Highland Regio of Clozhi,+, Land Tenure etiler
R.'s.,rch 
Paper Nu. 43 (Novenitier 1171 
Fragm entation m ay be a pro blhui in farm ing patterns like th is.See Sir Bernard 0. inns. "The Consolidation of Fragmented

Agrictullural tloldings," FA) Agicultlural 
 Slunlies No. 11 
(Washington: United Nalions Food and Agriculture Organiza.

tion, 19,50). As intirnate-d in the 
 last footnote, fragnentationis not alwas bad: the small pices that are farmed may [if

intricatelv combined t allow ; subsistence fatrmer to minimize 

his risk Iy taking advantai'ge 'f diferernt slope, soil, or even 

f:l imate. 
"No one who has observed the reuilding of a conmrnnity-

whether rural or urban-ater, say, a devastaling earlhqtuake
or a raging flood, even when community iernmbers have frll 
knowleige that such natural catastrophe is likely to occ;ur aigain, 
ceases to marvel althe persisenr.e of some settle ent ptlterns, 
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origin of some upland farms is a temporarily im
prove(] urban labor market which caused landlords 
to give out some nearby, but marginal, plots to assure 
a seasonal lal)or supply at times of peak labor needs,
like seeding and harvest. 

Nadel has described the contemporary restiIst of 
such a historic phenomenon in one setting:

A Guahli m,Iantim -llsitoneeds total concenration, 
all his ingenuity, to raise enough food for his family.
The htest land was long ago seized by the liatifundislos 
Isic], the landowners on Ihe great plantations of the 
loilnd and Pacific coast who grew coffee, bananas, 
and sugar. The Indians were :forcedinto Ihe mountains. 
They plant on slopes is site t as sixty-five degrees.
Every year, there are Ioians who fall to their death 
from the cornfields. 
5. Sone farms in the tropics artJ located on hill

sides because clearing of vegetation may be easier 
there than in the more humid valleys: fire usually
burns more intensively and kills unwanted vegela
tion more surely there than on level land. Fire control 
there is often easier becatise fire milut burns fil) a
hill, never down, and tree trunks that are felled can 
be easily pushedl down a slpf. and out of the wvay.
Thus hill land farms ma ' be sought out tloseo by

with little catiil and having onl\ 
 fire power and
brawn, regardless of the fierlility of, Ihat land.' 

G;iven the fact that more of the world is hilly than 
flat. it is rather remarkable that little direct attent ion 
has been given to the economics of hillside agricu l
ture. That this wvill not be true over the long run
 
is probably due toIa nutmber of interrelated reasons:
 
1.Population has been growing so rapidly that

it necessitates the use of severely sloping lanil some countries. Every ecological area Sen'llls t(ohave
in 

its own problem related to soil conservation to which a ertain ant of research has been given.' In 
some countries of East Asia, where population isparticularly dense, the arl of terracing developed
with the growth of lhat population. In nations where
population was not so den se, ihere! was altvas 

another hill to move to, so that ;iconservalion ethic(fill not develop. With Ihe derlime of the Inca Empireand the drop in Indian population inl teiAndes.the art of terracing was lost in the New World, In 
part of Nepal, terraces are now extremely necessary.b t mfN e e c s r e w r l l o ut a r d
but many have been constructert with an ot Ward 
and not an inward slipe, so the monsoon deluges 

'Gerry Nadel. "C(;u;tlnil The1,Allitntc Monthly (luly 11176), 
p.19. A variant on this thele is I)roviled Iy Mario (Dingora,
(Origen de los nquilinos de Chih, Cett'ial (Santiago: Edilorial 
IUniversitaria, 1Iio). 

"Ilorner Ashnarn, " lillside Farimns, Valley Rances." l.and. 
s5a(pe. Wini!r 1955-56, lip. 1tt-24. 

"See, for xajnpl., W. I. Marnipira, "Soil Erosion amd Conuserva. 
lion in Ceylon wilh Slcial Refrence loamll,ait Tea n ,

Qitaittrly, Vot. 42, No. 4, 
 1971, pim. 2110-211. 



weaken them more each year. And terracing isn'talways the answer. Soil experts in the Ulugurumountains of Tanzania found that strategic treeplanling and farming on the contour are better thanterracing, which exposes too much infertile subsoiland encourages landslides. Perhaps a good engi-leer would have solved the terracing problem inTanzania, but even so, ways of conservation whichwork well in one area may not be as effective 
elsewhere.The upper part of Ihe northern temperate zone,which is the center of agri ciuiural research and itsdisseminalion, con, itiutes few answers for the hillProllems in ithe southern temperate or torrid zones,Since hills in the north temperah ! zone are relativelysparsely Populated. new technology was dhevelopedfor managemenl of relatively flat land. The Alpsand Ihe Rockies were not subjected Itoattempts atintensive cultivation. From them, only transhumance was expected. This distinguishes them from theAndes, the liimalayas, and the Ethiopian Highlands,which have supported great civilizations and popui-latXon pressures for generaltions.
2. Shifting cullivation (the mist primitive kindof agriculture. butl th! type mryn oibservers feelconserves energy best) sems to be Ie;coming moredestru(live. This is often iso relaed to Ihe popula-lion issue: fallow perid(s become shorter becaisethe land must supp rt mre! pewople. This type offarming riay Ibebriefly 'efiind as an econmny ofwhich the main chnrireristic:s r! rotation of fieldsrallher than (ifcrops: clearing lyiv ineas of fire;lbseice of draft aniials and finaimnirig.: use of huinilabir only, acconiparied bY ibadil))lb stick or i hoT!:and short P)eriods of soil (i(;(:uipiaoc:\ alternaling withmnger fll)w ieriods. It is utiliztd iii the humidtropic~s where plowing and culltivating Ite soil forrow cropping woul hasten biological activity suchthai organic rmiler woild (eeriorale and torrentialrainfall would leach oul wht ntriienls remained,If shifting cultivators g nerally prefer flat land,it is increvasingly becoming uni\vilahile to them. licounlries sticli as'aiwan, the lhilippines, Ilndochinaand Thailand, Ihey have been forc'ed Iba;k onto sleepslopes: hiln while tihe tendency is prol)ably most

pronounced in Asia, it is also (c:urring in Africato decline nrarkedhly after the first c:rop. When fertility 
and Ltlin Aimericia. Yields of h)nrne(d-o\ver plots tndI 

declines, noxious grasses ilid weeds iappeilr alllong
lie tree stimps, ani pr:edatory insects and otherpesls begin to mulliply rapidly. If there isd aince of firisl land al an abunhis disposil, the shifting 

'"P. It. ''ifm hl,, inStli s of Sil I'rosion and sv'dinl-irtitino)in TInz,oia, A. Ri p t.. Ih!rry. P It. 'tvIIIth v(Is.(hInivrsiIyof lr v,,i Salaim,; tliroi (if Rtpsinri:ce Assssinmilni ani intI lsi luu iling. an(I I)ljl. of PIh.j,sict1Ilt)Si, (;uigriiphy, ImiversilY172), sp. 11-11P5.•" if 
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cultivator will prefer to abandon fields regularlybecause it is more efficient of his labor to do so(clearing is easier than weeding). Under favorableconditions, the pernicious grasses will give way tosecond-growth forests which will ultimately rebuildsoil fertility. But with increasing population pressures, shifting cultivators are often returning to theold plot before a second-growth forest has adequatelydeveloped to recycle nutrients to the soil surface. 

Only a few of the original species may have returned.Repeated cultivations further impoverish the forestand reduce the number of species. Certain light-loving species which played only a minor role in theoriginal climax forest may spread and dominate,together with those that show some resistancefire. When the area to
is frequently returned to andburned over, there is no chance for it to revert toits original state; only grasses, herbs, and pyrophytessurvive, and savanna emerges. Some of these triumphal species burn easily (excepting prophytes) andmay be set on fire almost every year, this deterringnatural forest vegetation from returning.


Furthermore, this fire invades natural forests 
 thathave not yet been incorporated into shifting-cultivalion agriculture. Once this growth has been changedfrom forest vegetation to grass, it is of no more useto the shifting cultivator and the only benefit hemay get out of it is for hunting. For thisuses he oftenfire also-to drive his prey out of hiding. Theland can, of course, be used for grazing. but sincethe forage is poor, livestock carrying capacity is low,meat quality inferior and the cost of the end producthigh. At any rate, because substantial capital isneeded to get into cattle farming, shifting cultivatorsseldom do it, preferring to transfer their tenure rightsto ranchers at great cost to themselves and to society.It is possible for an area to be left alone where
rainfall is relatively ample and w.'ell distributed, and
reforestation may recur. But currently, to use onexample, more than 18% of the Philippines is coyered with grass vegetation 
due to shifting cultivation. As population grows, the chances of forestrejuvenation become increasingly remote. ' One recent source(concludes: - [Shifting cultivation]" annuallyaccounts for more felled trees than the spread

of perriianent agricullure. 
 In Asia, for example, theIAO estimi,!,.. that 8.5are cleare:d eac:h year. An million hectares of forest,,imte fietotnmiloil-( ch-rdehya ..!stlmahetd five to ten million
hectares are cleared annually for agriculture in Latin
 

"Karl 
 . Pet zer, I1ionver Sittleoert in thc Asiatic Tropics. (Ne~w 
York: Aiinrric:an (;v'sysIninI illliinM raphic socievy.Ihev ''selanlhga ill 194ll). A balanced swiddenNcw Guineiaisonr is xilrninted illitdeail in Roy A. RappalOri '-'Th Flow of Enrgy in anANgri:ulrral Si(:iiy,'" Scientific Amierican , Vol. 224,Supilr'lnitr 1171, PP. No. :,ii17-i 2. or itisyshin of shifling ag4ricrtl-Ihlure Ithat lsintibinga uses, ii farlls an ar.ilillhIlow lhucarrying capa:ily of Ihe, soil, 
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America, mostly for temporary farming.' Pelzer 
speculates that the spread of grass due to population 
expansion in a small area may have been responsible 
for the downfall of the civilizations of the Khmers 
in Cambodia, the Mayas in Mexico and Central 
America. and the Sinhalese civilization centered at 
Anaradhapura.":' 

3. While everyone knows of the danger posed to 
human life and property by ;1 flash flood, only 
recently have we come to recognize other close 
interconnections between the highlands and the 
valleys. In some cases, a benign moisture flow may 
carry needed minerals to the valley floor. But if the 
highlands are denuded by improper management. 
a much greater percentage of the precipitation runs 
off, carrying soil particles along. This can render 
fertile valleys unproductive by c(overing them with 
such materials as sand and gravtl and creating 
meandering riverbeds. If upland moisture reserves 
dry up in the hills and mountains, there won't be 
enough humidity and ground water in the ailleys. 
While 10" of the human population lives in the 
highlands. another 40(;, lives in the adjacent lowland 
areas, and twir future is intimately hound to devel-
opments on the slopes iand plateaus above, 

One example of the close interdepndince of 
hillsides and the surrounding valley is found in 
Nepal. Population growth there, according to E:k-
holm, is forcing farmers onto, ever steeper slopes 
which are unfit for farming even with the complex 
system of terracing found there. Villagers roi n 
farther and farther from home to gather the fodder 
and firewood they need. As they do, they remove 
the trees and ground cover needed to hold the soil 
of the Himalaya!;. the highest mountain range in 
the world, in place. Landslides are destriiving morle 
and more settlements and crops. Topsoil washes into 
India and Bangladesh, an export for which Nepal 
gets no foreign exchange. Sone t!rract!s art! main-
tained; others merely form the shells of abandoned 
fields. A 1967 government of India, study cited by 
Eckholm estimates that in the ciuntry's most densely 
populated area, the eastern hills, its much as 38' 
of the total land area consists of abandoned fields. 
Erosion is the chief problem, but Ih! declining 
fertility of the hills stems from anolher probhlen: 
the scarcity of animal manure which, prior to the 
contemporary period, the Ntmlese have always 
assiduously applied to their fields. Now, when dung 
is available, it must increasingly 1)e: used for fuel: 
wood is increasingly far away. Also, therr! is less 
manure available because herd size is not growing, 

Erik P. E. kh(oIm. Losing ;mowd: Environnhenili Stress and 
World Food Irospects (W. W. Norton and Co., Inc, for World. 
watrh Instithoi. l 976), p).42. 

"Pelzer, Piorer Settimeri. 

since hillsides must be used for field crops. The 
Nepalese hills must now support 22 people per ha, 
roughly the man-to-land ratio of java or Bangladesh, 
countries blessed with far better resources. 

Eckholm notes that "if Nepal's borders ended at 
the base of the Himalayan foothills, the country 
would now be in the throes of a total economic 
and ecological collapse. Luckily the borders exten 
farther south to include i strip of relatively uiwx
ploited plains known as the Terai. which is an 
extension of ithe productive Indo-(anget ic Plain of 
northern India." ' lit! notes that this region suffers 
seasonal flooding, is heavily vegetated, and was 
historically plagued with malaria. With malaria 
eralication, there was a rush to colonize the area. 
In Ihe 1t64 to 1974 decatde. :1 20(0 ha of Terai forest 
hnd was officiially distributed by the governmnt 
to settlers, but more thin three limes that amount 
was illegally cleared by migrants from the hills and. 
perhaps more significantly, f lon India. The ''erili 
provides some reprieve for Nepal, but there seems 
to be lo end to the prohhbim. Salellite reconilissiln:e 
indicates thai there is another 111 750 ha Ihit might 
be suitable for settlement: but if migration continues 
A present rates, the land will Ibe filled in another 
decade. Meanwhile. something must be done about 
the hills which are catsing the problem-especially 
since degradation of the noutlains is causing rivers 
to swell and is cuttilng away at the fertility of the 
Terai. Nepalese government sources, reported by 

15 ckholm. show T°erai rivers rising al from 15 c:m 
to 30 cm eanh year, probilly because oif stream-bed 
silting. This is causing rivers to wander about aim
lessly. 1; ;ing prime farmland as they go. The Nepa-
Iese National Planning Commission fears thal the 
situation is almost a1 t ptoint of no return, tl feels 
that the hilly regions nay i'vlop intoita sEmi-desert 
environment if nothing is dioe. Should the situation 
be allowed to continue ilong, its prtesviin :trtrse!, a 
predicament may exist in Nepal (iiand in Notrlhern 
India and Northern Pakistan, for thit matter) like 
that in most of Afghanislan and hy the barre Zigros 
and hlburz rnittAins farther west in Iran." 

4. Closely rElatEd tothe fornmerpoint is the explicit 
problem of the disappeiiring forest. which tint only 
is relied uponIt) hold upland soils in place, but 
to maintain the hydrological cycle intact and prwidh 
lumber and firewood. Once tree cover is cut, averiige 
temperatures in the area may rise and already arid 
soils not far distant may become desertic. 

"Erik 11. Ekh lihn, "The De!tri iratior(if Mou lainI Eivitmo 
menls," Stcime.,, 119. (Sep i hineri, 1975): pp. 764-7i5. Sm 
also( Claire Sterling, "Nepal," Tie Atlantilic Mh thly (0:I lir 
1976), pp. 14-25. 

"'Eckhohn, "The I)eherioralion of Moilil ii Eimvirrmoiiils." 
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Eckholm states it well: 
Forests inflience the wind, temiperatire, itunidity,soil, dntl water in ways often discovered only afterhe rlesare cut, anti these functions-usually benfi-
cial to people-are sabotaged. Forests assist in thegdllal recycling of water, oxygen, carbon, andl nitro-
gen-and without any expenditure of irreplaceablefossil fuels. Rainwater falling on Iree-covered landtends to soak into the ground rather than to run off;erosion and flooding are thus reduced, and more wateris likely to seep into utntergroutnd p~ouls antI springs. '" 
Then there is the problem of ad(quate Ipmlher andfren:t e poffirewvood: 

Peiasants in lhe unplands of South Korea have adopted
ia different, bit also destruct(ive way to cope with
the lumber shortage. /, tlnithd Nations forestrY teailmvisiting [Koreal in lhe ilate 1960's found not onlythal li retIrubranhes, shruhs, seedlings, and grasses 
were cut for fold: Worse, many hillsides were rakedt:le,nnof all leaves, lilterand branile materials. Rakingin this fashion, to Ime(t the needs for hole fuel iit(lfarn c:onpist , robls Ihle soil oif both a pro eclive t:over'an1d orgainic maller, and the piractice was :itedl by
the [IN experts as 'tne of the plrincipal :auises'soil i!rosi.n in Kora.' (if 

5. Land reforms are becoming somewhat moreconinmonpliace than previously and can le expected
to open up nire land which in more pristine dayswas lied up in large eslates. Where peasants couid ga ther only firewoiod beftre, they are in st)me areasable now to have small farms oif their own an(cultivatte thern pretty inuc itsi they see fit. 


With hind reform nist 
 corae s)ni biasi: ideas
of conservatitin. IHere. China may provide an exam-

ph. At one! lime half of its 
 territory wis forested.Biy the lime of the new governnen in 1949, it Vas
said to have the,! greaihest number of har:-en hills in
the world; rehabilitating 
most of them is entirely
beyond lite realni of possibility: 


Ilii the tv os,ambit 
ous thotugh protahlysuinrealistic 
plans were iate furl masslneh rt'forestat io,ilainly by tOe rural inontinies to he impl -The leadershiphioted to rise.! th. forested arei to 20O pertent of thet:lullntry lateth hth t9i0's, anI 25 iercent bv the1911(O's . , "ble 


rens of millions tif workers have since lteen nittili-

lized to plant trees 
 each year in Ile sili:k seilsonsheween t:ropt harvesting iin(t sowintg, TheIeffort his
1ien stupendous, thollh thie, resulls have! soniielini!s

lhteei disa ppoinit ig . ly 197:1, aic:o(rd ing ti Chiniese!
officials, about seveit ly mill ion lit:tars-nearly 7 

lercent if !hv. .:iinlry -hi(t ben rtlianthd, but in
inaly irvas the! survival rate (if t l: nevwl plintei 

Ir ies inth
was. is erly etierm, t %,Ili ioer nl.hilhain hlbor, poolr inainhenanc , mlutilationl oir L'ln 

'''tikhttlin,Lllo,;sil (;'rtliiitt, i I 

pitttllt i., 105-tIIi. 
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uprooting of newly-plnled trees for fuel. anti fre
quently inhospitable growing conditions combinedto corrode the efficiency of the mass planting efforts.By the mid-sixties, official emphasis had bocn shifted away from massive annual new plantings to careful
maintenance within planted areas,Justbcause a fielc is located in the mountains 
st idatie n the moultainis no indicaion that is use wil invohe hillsidefarming, justleast modest as valley areasconservation techniques. Stomemay well requirehigh-at 

land plains in the torrid zone have been centersthriving civilizations, especially inmen had learned dF ys beforeto cope with either the seasonal 
extremes of the temperate zones or the exigencies
of the humid tropics. 

In Wisconoin a 10-12% slope is considered suitable for row-crop farming only one year in five, and
hen with the strictest of soil conservation practicessuch as contour farming and terracing. To preventwater erosion the 1.S. Soil Conservation Seiv'icerecommends approved practices for slopes over 2%,and those over 12% are almost never put to row

crops.'
But Wisconsin. with about 34 persons per square

kilometer, and the United States, with about 23, donot need to use land that is exceptionally steep;better pul. it makes no economic sense to do so.On the other hand. countries surch as India (173persons per square kilometer), Pakistan (121), Nepal(80), Japan (289), Nigeria (61). and lhe Philippines
(130), to use some examples, must farm slopes that 
are far st(per and often less fertile than those in

the United States Midwest.
 

Many of the miost (hensely ptpulted areas of theworld are also those with a precipitation patternthat makes hillside farming especially difficult. Wisconsin (:an expect somewhat over 760 millimeters
of pre(:ipitation per year. but some areas of the world
(at expect l) to 10200 min and some of these have,in turn, a six-month dry period. Imagining the 
c n e u n e 0 mf i na 50 mm a l a n a lof stonseluencesdaily rainfall ono a t esteephill where there is dense settlement gives one anidea of the difficulties facing those who are responsi

for conserving soil resources to at least assure
minimal subsistence. 

"'Iid.,1 . 44. Sue also Sti-ing Wortniin,unAgrictilure in China,.
Scientific Anucrican. Vol. 2:12, No. 6, on:i! 1975 and 
 W. C.Lowdernilk, Conqtilt of tht Land Through Seven Thousand
 
Years, Agrit:ulturr Information Hlullluin 
 No. 99, USDA SoilCotuservautiotiiEnvironnimhitl litil," Montanti Journalist Review, No. 19, 1976, 

Siirvii:u. uindilhd, cihtd in Don Schweinusen, "The 
1;. 55.
 

'Pivrsont l cinvvrs,ilion wih linus EInhlw, U.S. soil Conservation
Svrvii:i,, Mitisi. wis,, ll i5. 1976, 
 indt IStDA. SCS, WhatIs i arin Const'ri',ilioni Pln?, 'A.1129, l..iaflt 2.19 tlanitar.
 
t7,19731). Sm Ihu litulp.intst ptrslv:l i.', it) Fiikiti Ih'itl,
inihe Agrii:uhiridt I llilizaliin of Sltopit g Lind,' "Prd t i stural :onontitProblemuns I (Niivitniiu'r 9114): Ilp. 22-:36. 



HILL LAND FA RMING: A N INTERNATTIONA L DIMENSION
 

It is technically possible to farvm the steepest of 
slopes. In most of the United States it is not econom-
ically justifiable to do so, thc,,gh scarcity of food 
in the rest of the world ma,, change the situation 
radically in the long run. In the wet zone of Sri 
Lanka, I have seen a frot crop adaptable to poo' 
soil, grown on , 75'; slop a, using stones for terra(ing 
hauled-one by one and by humm brawn alone-
from the valley below. In some rice areas of East 
Asia. not only the terracing rock butilalso the topsoil 
have been hautled up the steep gradient to form i 
2' mini-field from i 90' slope. lut the effort 
required technical expertise. community coop)eratioll 
and organizationind capitad. Inded. whether hill-
sides c( ' seiSllto dpelld more onl theb(e( silved 
will of the people to do so, on food to sustain the 
workers while they are terracing and on wise techni-
cal help. thin oil steepness of slope, amount of 
rainfall concentratt'd in i period of time and popula-
tion density. Many irtas in Japam and China do 
an exceptional job a ginst fornidblt, odds. This 
seems to tea(:h us thai tht solution to the prttlt'm 
depends as much or more oil social organization 
.nd on economics than (o i now tethnololgy, For 
the most part. the technology of saving.1 soil exis's: 
when it is not applie(d. what is almost invariably 
lacking is an appropriate combinaition of e ;ornomit 
incentives and opportunities for doing so. The case 
is the classic one (of physical and hiological exp(rtise
being highly (dvelopedin comparison to the politics 
and economics of the situation, which do not trims- 
late expertie into hliuman ition. 'here are alterna-
tive ways of farmino alny piece of iagricultural land 
that protvide maximum immediate yield, that main-
tain potfntial for future produc(tion or that satisfy 
a Combination (.! these two goal,. When peoph 
choose alternttives that allow their only means of 
livelihood literally to wash from under their feelt 
the personal characteristics or traits of those who 
make the choice ("indolence' or "stupidity- or 
.'sloth") are often cited ias ia reason. Much more 
plausible are explanations that rest on .lnd tetre 
riqhts ant custom, tovg lher with the c;companying 
system of lack of incentives, barriers to the spreal 
of technical information ald tradition, which the, 
imply and about which we underrstand so little. It 
may be perfectly rational ior peasants to make little 
effort to engage in long-term inveslments of contour 
farming, terracing, tree planting ec., for they know 
that once land is improved it will revert to another, 
perhaps a landlord. (Jr maybe they simply (dli not 
have financing for this long-term investmetnt. If the 
hillsides of the world are to he saved, such problems 
as monopolistic control of lanld ind short-term leas-
ing will have to he dealt with explicitly. And when 
agrarian reform becomes an a:complished fact, con-
servation techniques won't simply come naturally 
to beneficiaries. New owners must be suffused with 

an ecological ethic as well Ias with the thechnical 
knowledge which has for so long been the domain 
of a few who have the wherewithal Ito use it. 

What agricultural laborer with a year-to-year lease 
on a farm will go to great lengths to save hillside 
soil if he knows that his back-breaking efforts at 
terracing will merely conserve the resource for the 
landowner, who may dispossess him a1s soon as his 
lhorious work is (:onlplete? What squatter will 
practice contour farming or reforestation if his 
occupancy rights are, so lentous thl it is cheielr 
for him to move oil totllolher hillside patch nexl 
year (and by moving het may be less visible besitles)? 
flow many hillside fairmers will lv ahle to afford 
the timle and motley ne:essai'y tI terrace if ithey own 
i mini-plot on hilly terrain alld rely for the bulk 
of their incomes on work for large vallvy farlmers 
ht'low? 

And, in i area of freehold mini-p)lt trning. 
the issue is somevwhat different-having to do with 
organization, esprit (l! corps in the neighborhood 
aJnd leadership. WVhalt small-plolt owner on the hill
side can afford terra(;ed farming (aid wul ish,i its 
efficacy, aniyhow?) it hel ialone wishes to pi'atlice 
it while his neighbors do not? Ilow lllt y soil-con
srvalion experts ,(, ther' who are aVailable to work 
with, sav. 500 srmall farmers wholl crowd onto tille 
10-hctare hillside (ot which the minimal slope is 
25''.? 

Tlthe issue also centers upoll e(dtlclioll ot.. ill least, 
on effectcive transmission of technical informition. 
flow much does i ret:t'nt behneficiary of i land reormn 
know aboult row cropping on slopes, somelhing Ihltt 
he; nmy now have to do Io earn his living, when 
prior to the reform he saw it itsed only for grazing? 
Ilow much does li know aboutt reforesting land 
that his former lanllord left barren? 

Tlthe mphasis of this voluleo is onmw technical 
information that will help stve Ihe hillsides: this 
is to be applauded. B~ut what is even more importtnt
for millions of the world's peasans-the Itilk tf 
those who are engaged in agricullure in aull lss 
d(evelopeld cujntris-is using what is no, known 
about soil conservation. And whal is now known 
anI what is yet to he discovered will not le applied 
if the social, political ;nd (economic organization 
is not appropriate for the task. From this observalitn 
one could extrapolate many policy implications, but 
I will list only five. 

1. If the legal framework were in place to assure 
a tenant who invests in thrra:es, contours or foresls 
that he could retain the land after cerlin minimal 
cocservalion standards were teel (or at the very least 
that hecould retain it forthe numberof years required 
to attain a respectable rale of return-whic:h would 
prohably have to he the lifetime of the cultivator), 
he might dio so. 
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2. Ifhillside squatters' tenure rights could be made Thiesenhusen. secure, they might be more 	

Well, I know that removing some ofapt than otherwise to the tariff barriers facilitating trade has beenattempt conservation practices, 	 one ofthe demands".If hillside-farmer organizations could be set up, 	
of the third and fourth world. The

idea presumably is that by removing someconservalion and grass-rools 	 of theseleadership potential barriers, allowing more trade, one improves the lotcould he developed if incenlives were provided. Of 
course, governments will also have to be committed, 

of the third and fourth world countries. I am a bit
concerned about this from the standpoint of theal the very least, to providing subsistence for workers countries we're talking about. But, first of all, exportwhile they are constructing terraces or planting trees,

4. If 	 crops, with some exceptions, are owned by a rathersoil conservation techniques were mnade as small elite in the countries we're talking aboutimortant as the seeds and ferlilizer that areavailable that much 	
so 

of the export earnings will go to thisas parl of Ihe package of inputs that follow up aland reform, steeper gradimls might be saved, 
very small elite andi will not really serve to broadenthe base of the economies of the third and5. If zoning procedures could be set up 	 fourth so that world. Secondly, if we're talking about hill land,industry and Iransporlalion systems would have to use Ihe unproducctivye hiIlsid(s and the basins 
it is a general, but no means universal, pattern thatwere hill lands grow sub'sistence crops. We heard earlier,rTserve for agriculture, several generations of lime for example, that sugarcane ismighlt e I)uight to alow for the 	 grown illthe lowrapid rale of Iands, sugarcane is used for export, yam and potatoespoptulaih(c growth Iobe(curtailed. A cierlain amount are grown onof gover'nment interv'intiou and even subsidy would 	

the upland. In general, if we increasetrade, we are increasing the incomeI)(- involved, 	 of those whosince short-term private estddishment 
costs woul he raised over %%hillthey might be 

farm the flat lands and we're really doing very little
for those who farmothwrwise. inc 	 the hills: there are exceptions,exchange for lorg-hierm benefits to theI(cation."'	 of course. These are a couple of reasons why I worry
a little bit about those who say thatThe price of negligemce is 	 the economicdesolation of both position of the thirdhillsides and valleys, increased influx into the 	

and fourth world would beal- helped a great deal by promoting trade. Thererecdy gluted 	 willcities, and human degradation and be some spread effects, perhaps, instarvalion. 	 marginal areasIn controlling the cunteiporary over- of the country blut, by and large, promoting traderciid iolatlinn growlh and rationalizing the p'es- will benefit the elite. will benefitently chaotlic way inwhich availaile 	 those who farmland is used, in the plains and this will havethe cltirnate problem with 	 some spread effectwhich humanily must to the hillsides. Iut the effectdeal is how to achieve 	 will be rather limited.an appropriate balanc:e tbc- Browne. I understand what you'reIweenllmall aid land. 	 saying and IrealizeI c:Iocse this papeer 	
this is just one aspect of the big problemas I opened it with a quotation of assisting people in development,fur emphasis fron Erik Eckliclni's Losing 	 but it is one"roind: 
 of the areas that's been receiving attention and sinceI.ald-use cielhrns are an xpicression f dlecI polilical, there is a moveec(:cunc(icccic;, cdlc:tltc'; sil'cct:icccs: they iecncil 	

(omore land reform in some areasc:;nge
iv'rnicghl whel arnecologist 	

it wouldn't necessarily benefit only the elite, it stillor forsethc scmlnds
iini 	 Ihe would help somewhat other countries.lhiii a coccicc * is Icsing its resurce hase. Ihi Thiesenhusen.cicn y imciulrics, I(le cleierior,iiccc 	 Oh yes, I'm not saying that thingsf thle(land will ncl are absolute. Professor Breimyer also has a commentI, i lthcdcitil Ilsic c:Iiilcges ill~ccIi 	 land tentre aidll c'c;ccm icccccIcriiri lies ccc ;cclr,e 	 here. 

e
H. F. Breimyer (Missouri, USA). This is Bill's 
and not 	 area

mine hut he responded accurately in terms
of trade and farm products; so much of it favors 
the elite. But ihe other side of it is of course theindustrial products Of countries that have labor 

DISCUSSION 	 intensive industry where I have felt that the reliclance of industrial countries of the world to allowMarva Browne (West Virginia, USA). Please corn-
nienl (ill 	 imports of labor intensive products such as Indianhow Irade and lariff barriers and economic textiles, has been a handicap in worldfachc's affect 	 food trade;hill land farming on an international that India could buy more wheat for her city peoplehasis. 

if we woud buy her textiles whereas actuallywe 
pul a quota onl them. But I don't know what themagnilude is-I (on' think it's terribly great. Dr.
Thiesenhusen would know better than I."liTsc Stigeslioi Ihill
is onIe if lh IIose Ilrymal Kc:asrl tcmcle ipoii Thiesenhusen. Well,reading a draft of Ihis iiar. 	

I don't know better than you.
I just know that it's simply not that great, but let 
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hIe respond in this way: a goal of land reform should may be much more useful, much more beneficial 
be to increase labor intensive products, whether than it is today. When I answered the original 
we're talking about industry or agriculture, and if question, I was answering it only on the basis of 
in land reform we get more labor intensivity, this the current socio-political institutional structure. 
is what we're shooting for. After a land reform, trade 

45.
 
Crop Production on Hill Lands: Has the Small Farmer
 
Been Bypassed?
 
L. V. Crowder 
Cornell University, Ithaca, New York, USA 

tlill land agriculture occurs from sea level to the 
limits of plant growth imposed by low temperatures 
at higher elevations. Steep slopes, however, seld urn 
sustain the degree of cropping, grazing and wood-
cutting as encountered in level or undulating areas. 
Rainfall, degree of slope and erodible soils impose 
constraints on crop production at all altitudes. At 
higher elevations ecosystems Iwcoine more fragile 
(Eckholm. 1975) and reduceid temperatures, varied 
microclimates, orientations of slope to stillthe and 
prevailing winds restrict (ropping systems. In ciddi-
tion. lack of anin aI power. shortalges of aniimal feed 
and limited compost lead to lower crop yields than 
on low-lying farmlands. Isolation. inadequale trans-
portation. restricted markets rind lack of services also 
contribute to subsistence farming or other less l)rof-
itable farming systems. Small holders at higher 
elevations tend to h:iv'e less income, less education. 
and less political influence than thse at lower 
elevations and in the valleys (Eckholm, 1975). De-
spite the ascribed characteristic of being "passive" 
(Whyte, "1975), however, they ha ye ge:r:ra~l y~(~d(-
oped traditional farming systems considered to be 
effective and efficient given the limitel resources 
under which they must operate. 
'rhepurpose of this paper is to: 

(1). Review the effect of altitude on crop adapta-
fion. 

(2). Characterize hill land agriculture. 
(3). Describe variations in farming systems andl 

cropping patterns. 
(4). Examine productivity of hill an(d flat lands, 
(5). Outline mreans of increasing crop produ ction, 
(6). Discuss approaches to improving cropping 

systems, 

ALTITUDE AND CROP ADAPTATION 
The effect of elevation on native or naturalized 

vegetation is vividly portrayed as one moves from 
low lands o the upper limits of alpine meadows. 
Chainges in types of crops grown myiv be less dramatic 
because of the strong intervention of man. Cne 
expects to see, however, different crops growing at 
(lifferent elevations. For example, a vertical lad use 
profile in Ecuador (epicted rice, maize, tobacco, 
stgarcane, banaianas and cocoa from sea level pillto 
about 500 m elevation, with coffee, bananas, sugar
ca 'xe, and maize occurring to about 2 000 m. Potatoes, 
small grains (wheal, harley, oats) and naize extended 
beyond the frost line and approached 4000 m ill 
some localities (Sick, 1963). With crops such as maize 
different varieties are found at various elevations. 
Altitude shows a marked influence, on plant growth 
and development, and length of the growing season, 
largely d(-e to temperature effect. Maize, which can 
be harveId within three months after planting in 
the hot lowland regions, may lake fJont 10 to 12 
months to mature at 25(1( to 2800) in and up to 
15 months at :3500 in in the AndeaII region. 

In the tr'Ipics potatoes are generally grown in 
highlands (Thurston and Frenh, '1972). They alre 
not produced coinmercially nuch below 1 700 inl 

in the Colombian Andes. Plantings occur as low 
as 1 000 m, hut yields are low and returns uneconom
ic. In Peru extensive production under irrigation 
is found near sea level where Ihe IIunlbol(t Current 
has a cooling effect. Ilacterial will is a limiling faclor 
at low elevations and the disease becomes more 
serious as the termperalutre increases. A temperaton:c 
range of 25-36* C appears optimum for bacterial will 
development ill Cthe diseasepotatoes, and below 13 

264
 



CROWDER
 
is inhibited, On the tubers the disease is manifested Comparable situations exist in other hill andas a brown rot and was first noted in an isolated 
are:. near 2000 

mountain regions. In India, Pakistan and Afghanistanm in Peru. Within three years it cultivation is constantly pushed farther up thehad spread to varying elevations through the indis- slopes, thus advancIng the spread of grazing goatscriminate use of infected tubers as seed. The disease and sheep. In many regions no topsoil remains,was less evi(ent at higher altitudes and at 3200 leaving outcrops of rock substratum with a thinin or beyond no symptoms were expressed. When growth of scrub plants and low quiality grass anduhers from plants known to be infected were planted herbs. For many years dung has served as fuel oral lower elevations the disease reappeared, showing if composted has been spread over the more fertilethat they were carriers of the causal organism, fields. Overgrazing and overcropping in the Andes 
have depletedCHARACTERIZATION soil fertility and vegetation, aggra-OF HILL LAND FARMING vated soil erosion and reduced animal and crop 

[Iill agriculture may be production (Eckholm, 1975). In the more denselyclwiacterizedl by (1) populated areas of Perua and Bolivia, such as theproduction system which has become so intensified Lake Titicaca Basin, from 1/2 to 2 ha of infertile landthat resources have become limitingand (2)a farming sustains an entire family. The highlands of East 
system which provides most of the family needs Africa present(Rockefeller Foundation, 1976). The first P -imilar picture, as noted in somecondition regions of Ethiopia where steeper slopesrefers no longerto the "lightness" of the production system support grass or shrubs and in others where farmersandl reflects resource limitations such as small farm have recently begun to bring reserve grazing landss.ze and fragmentation of landholding, inadequate under cultivation. Increased animal pressure onpower for tillage, a shortage of grazing land and remaining grazing lands results in further overgrazanimaI feed, infertile and eroded soil, insufficient ing, decline in herbage yields, lower conception ratecompost, uncertainly of rainfall, few alternatives in of livestock and thereby reduced cattle population.terms of cropping patterns, seasonal shortage of labor Fewer livestock means less compost available forand scarcity of firewood. The second characteristic the increased cultivated land. Crop yields furtheris largely that of a non-market or limited-market decrease, creating a greatereconomy. Without need for more arableaccess to markets most farms land, and necessitatinp use of additional grazingoperah i at a sobsistence level, producing most ofthe family food needs lands: a seemingly never-ending cycle.and a high percentage of Another factor of dire consequence is that the smallmaterials needed for wammth and shelter, holder, especially in the hill lands, has been bypassedNepal typifies this situation where I ha of arable or only marginally touched by the benefits of modernhill land must suplort at least nine people (Eckhoin., agricultural technology. He has been described as1975). 1lere the forces of ecological degradation have passive, steeped in traditionalism, having low aspiwrought drainatic and visible changes in at short rational levels and a fatalistic attitude, lacking innoperiod of time wit lI little prospect of favorable vativeness and being opposed to change, displayingrecourse in the near ftuture. Popuilation growth has limited time perspective, showing hostility towardcompelled crop expansion ontol steeper slo)es, plalc- government and distrust of all who interfereing preater pressure oin grazing lIds. AnimaIs now his personal life (Rogers, 1969). It 

with 
graze over wider areas is only in recentso that imanure which is years that studies focused on the subsistence levelcollected for compost or fuel nmist be cirried i full and geared towardl an understanding of the realday back to the village. Villagers roam farther nid situation have modified our vantage point and thatfarther to collect fodder and firewood.- II sonme of the peasant farmer (Castillo, 1975; Whvte, 1975).legions one ilfemiber of the family spends iIn entire In general, these "bypassed" farmers do(li v gathering 30-.10 not knovkg of fodder tree branches and what they can do other than their current practices,heilves as contrasted to Ihree or four hours ten years lack the (:apahilily to adopt( new technology, or do,igo. (;rasslanls and forests are rapidlly (lehterilraiting not have the physic,d resour:es to justify investmentand disappearing. This leads to heavy erosioli o in inore risky Pr.iclices.
denuded slopes and lndsji(les whi:h dslroy lives,
hoilnns iind crop11s. lin aldition to iincrIea!sed Itul 'illerosion, soil fertilitly decline is haslened btecauose VARIATIONS 
f limited supply (If compost 

IN FARMING SYSTEMS AND
made from organic CROPPING PATTERNS 

rcsidles and nanure. Ihe e(ver-wideiiing (:ir(:Ih, ofIre (lestrudlilon, forest (hetrioratioi, increased se 'he
(f residues as animil feed and burning of (lung limits 

farming system in:lu(es integrated farm
Ilperal ions based (o land resources. farm enterprisesritals for cIlmposling. As land productivil die- and ivailabhle 

creases fields iir somletines abandoned, 
tchnology to produce agricullural

even as the i :onnlo(tilit-s. To this has sonetines been added thedemnand for food increases. initeraiition with off-farm sociil andi ecolnomi: envi
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ronments (Rockefeller Foundation, 1976). Defini-
tions vary with the myriad classifications antI de-
scriptions of farming systems around the globe. The 
different systems form a continuum from traditional 
shifting agriculture auid transitionaI permanent cul-
tivation, through mixed farming, large-scale farms 
and plantation crops, specialized horticultural farm-
ing to livestock ranching and intensive livestock 
production (Allan, 1965: Benneh. 1972; Conklin, 
1961: De Schlippe. 1956: Duckhaim and Masefield,
1970: Evenson el al.. 1973: Greenland. 1974; Grigg. 
1970; Manshard, 1974: Netting. 1968: Okigho mnd 
Greenland. 1976: Parsons, 1970; Ruthenberg, 1971: 
Spencer, "1966: Watters, 1971: Westphal. 1975). It 
is heyond thescopeof this l)aperto review lhe various 
systems. Instead, a generalized model of hill farming 
in Nepal (Figure 1) is presented to show a few of 
the major interactions among arable croplands, graz-
ing lands, livestock and forests (Rockefeller Foundai-
tion, 1976). Systems vary within and across physical 
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Figure 1. Conceptual model of a farm production system in 
the hill lands of Nepal (redrawn from Rockefeller Foundation, 
1976: original proposed by R. R.Harwood and D.E.Welch). 

environments based on resources available to the 
farmer and his family needs. A cropped area (some-
limes less fhan 1 ha) exists around the homestead 
and another small field lies at some risln(:e awv. 
The combiri;,tion of both upland aid lowland fields 
allows for cmnsiderable diversity in terms of crops 
grown. These areas provide the family staple food 
and oil needs and may produce a small surplus, 
Fodder and fuel trees around the home site and 
along field boundaries and pathways provide aninial 
feed. The crop area receives nut rientIs from leguini-
nUlls crops, the grazing lands or forest area either 
as compost or plant resid ues. A n umber of field 
and vegetable crops are grown, usually in diverse 
an(d mixed cropping patterns. At lower elevations 
it is riot uncommon to find 40 to 50 plant species 

Grazing lands are communal with no restrictions 
on the number of animals a single family may herd 
and no limitation on the extent of grazing. Overgraz
ing is a common practice and no one expresses 
interest or assurmes leadership in grassland improve
mnent or grazing management. The grazing area 
provides nutrients (usually of lo, quality) for live
stock and receives nutrients from animal excretion. 
In maly areas grazing lands oi Sleeper slopes have 
been brought into cult ivation. 

Livestock provide power for aml tillage, compost 
for the crop area, dung for fuel, hides and food 
produicts. and serve as beasts of burden. They are 
usually stabled on the homestead iind fed crop 
residues. hay from wastelands, fodder from trees 
Mnd shrubs, or grazed communally, thus requiring 
considerable labor for care iand maintenan:e. 

Forest lands are comminal property and provide
firewood, feed and hdding for livesto:k, compost
for direct use on crops. constru:tion material and 
medicinal herbs. Thev receive little or no input from 
the farm operation and in many areas are in a state 
of decline ,iddeterioration. 

Most Nepalese hill fairmers ire isolated by severalor many walking days to the nearest market. Without 
inexpensive transportation and available markets, 
subsistence farm operations are likely to rolintmoe 
and their inprovement undoubtedlv will remain a 
high national priority. Seasonal iniration, and to 
some extent pernnent novement, into the recently
developed lowiand plains (Terai) provites terpo
rary relief for the hill lands but does not offer an 
adequate solution to the pressures of aon expainding 
population and the increasing ieed for foodol. 
PRODUCTIVITY OF HILL AND FLAT LANDS 

General observations strongly suggest that crops 
on hill lands yield less than those on flat lands
and valley terrain. At Sontecoinupin in the stale 
of Veracruz, Mexico, yields of unfertilized maize 
grown on cultivated lowlands for 17 %ears dropped
from ahoutl 6000 to 41)000 kg/ha. ()In 15, slopes
production declined more rapidly and farmers were 
forced to shift to new fields after four years. On 
20% slope near Lake Catenaco severe gully erosion 
occurred after three years of cultivation (Watters, 
1971), indicating that a shorter cropping period 
should have been practiced. 

1i Colombia, rice growers have consistentlly oh
tained yields of five tons/ha or more since 1970 
on irrigated flatlands (Noti-CIAT, 1975). []plan(] rice 
production is a different system inwhich production 
is generally determined ly the wealher. If rainfall 
is sufficient, and occurs when needed, upland ricefor food purposes on a single farm. At higher eh.'a,- may yield over two tons per hectare. A similartions, where slower plant growth limits produ,:tivity, situation exists in the Philippines where Ihe familyno more than 12 to 15 species may be used. Crop life of hill land and] mountain farmers revolves

residues provide addIit ional feedstuffs for livestock. around one annual crop of rice. The one-ha farm 
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produces 1.0 to 1.5 tolls of paddy rice, most con-
sumed by the average family of eight. Rice farmers
in these regions have been bypassed since no newtechnology has been developed which is applicableto their situation (IRRI, 1975).


In a study which lescribes the 
 structure andorganization of agriculture at a farm unit level inthe Bajio Central Tableland of Mexico, Gonzalez andSilos (1968) noted some striking differences betweenhill and flat land agriculture. They examined so-called large and small farm operations of 30 hamore and 30 ha or 
or 

less, respectively, under pumpirrigation and natural rainfall conditions, the latterin flat and hilly terrain. Crops under irrigalionconsisted of wheat, maize, alfalfa, tomatoes, garlic,onions, beans, chick peas and others to total 15 onlarge and 12 o. -mral farms. Under rainfed flat andhill lianid conditions mze, mi ze-beans and chickpeas were grown. Yield in Jices (Yield index = haneeded to produce average regional yields/number
of hectare sampled) of 109 and 91 % were obtained(on large and] small irrigated farms, respectively, 48%on rainfed flat land, and 40% on rainfed hill landfarms. Land use indices expressed as hectare-months
of cultivation showed 69 and 65 ' for the large andismall irrigated farms, respectively, and 49% for bothrainfed farm types. A portion of the irrigated landwas double cropped, but the rainfed land wascropped only once(during the year. Drought androot worms caused a 15 to 201% loss of plantedcropland on rainfed farms. 


Irriga ted farms 
were more highly commercialized
than rainfed farms. Farm products mirketed fromlarge and small irrigat d holdings were 90 and io-0,respectively. l'hose marketed from large and small
rainfed farms were 70 and 53%, respeclively, butonly 4t)''4 from the hill farms. Calculation (if theagricultural produclion value showed bothI types of 

irrigated lands to be teIlinties higher than the rainfed
 
hinds.
flat lands and twenty times higher than rainfed hill
 

These date 
a igiurml strongly in favor oif irrigationbuil itiost imnportailly point(i to the befefits gained

fron utiiliz;,ion of i|wailable resources.
showed The studythat larger farmers wilh irrigation facilitiesrentedl additional land area which could be irrigated. 
)n the other hand, an increase in farm size of rainfedflat land led to increased sharecropping. It was

empliasized that farms underseasonal rainfall tendI!din operate at it subsistence level, especially in theulplani area, with a large number being outside ofnarket chan nels and their operators havingpu rchasi ng power. low 

INCREASING CROP PRODUCTION 

Crop produt:tioni can be inI(:reasel by expandingli: area Ln1 *n.cnultat ion, increasing yiehls/ha of 

CROWDER 
a given crop and increasing total production/ha by
multiple cropping. 

Area Under Cultivation
Approximately 11% of the earth's land surfaceis used for arable crops and 22.3%, is devoted topermanent meadows and pastures (FAO, 1974). Thatdesigna ted as arable reflects about a 0.2% increaseduring the past ten years and almost a 1.0% increasesince the early 1950s. Not all of the 11% recordedas arable is cropped annually because of shiftingagriculture, Brown (1963) estimated that 7.6% wasacitually cultivated because of different types offallow. For example, in the Central Africa Republica figure of 5.8 million ha of arable land was reportedin the 1964 FAO Production Yearbook, but 3.0million were listed as being in fallow.

Over the years expansion of arable land has beenthe main Source of increase(] food production. Theproportion of land used for crops varies amongregions, ranging from 5.0 to 5.8% in South America,Oceania and Africa, 12.2 in North and CentralAmerica, 13.2 in China, to 17.3 in Asia and 29.0in Europe. Robertson (1956) estimated that arableland in Europe, USSR, and the European-settled areasoverseas, which accounted for 48% of the earth'sarabli land in 1953, expanded by about 90% between187, and 1950. Pawley (1963) calculated the world'sarea devoted to cereal production in 1960 to be 30%above that of 1913 andi 18%. above that of 1939.Data in Table 1 show the expansion of landunder cereal area 
crops (wheat, rye, oals, barley, maize,millet, sorghum, paddy rice) Ansince 1948-52.increase ofabout 20% occurred on a worldwide basis,with a decline in Europe and a dramatic expansion

in Oceania andl South America.
Estimates of the total potential arable land rangefrom about 11 to 30% (Grigg, 1970), but few reports 

TABLE 1. Change of land area under cereals
(FAO Production Yearbook 1964, 1974) 

Area. ha I0" Change, I; llhinge,.Region 1948-52 ,, 
 1913-64" 197-7 

-6.5 -4.5
North and Central 
America 
 100.9 +6.9 -0.3South Amierica 20.4 +0.4 +77.9Near East 22.7 +39.2 +58.8Far East 1:12.0 + 18.9 +23.2 

African 45.0 +15.3 +51.2Oceianjai 6.2 +50.0 +106.0World 610.1 +10.4 +20.3 
"Average of four years.

'Percent change Iased on ara 
in 1948-52. 

')f ,._,I 
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suggest where such areas exist. Revelle ('197(i) sug-
gested that the potential gross cropped area coul 
be more than tripled by including land under temnpo-
rary fallow, temporary neadows for mowing and 
pastures, rbber plantations, as well as marginal 
lands which could he drained, irrigated or improved 
by fertilizer inputs. 

Increased Yields of Single Crops 

The spectacular increase in yields of singly grown 

crops has been widely demtonstrated. especialy sill:v 

the advent of technological pmckages which include 

improved varieties, higher rates of fertilizer, ise of 

pesticides and herbicides, timely tillage. adoption 
of soil consev\ation mid wahr'r :ontrol pralicvs, 

Wheat production in Engl,nd will illustrate this 
dramatic trnsformation (Bienntt. 1935). For almost 
400 years yields hovered around 8-9 hushvls/i(re 
(approximately 0.53 to 0.60 tonslha. I)uring the 
seventeenth centurv harvests begn to improve, cor-
responding to the dvane f the ndustrial R,vo m-

Inr 
rotatiohu insh' importantly being ostere th 

rp 

roaton irop whic ciovertif~%\-,isinrhidvn Sinc thatlie'h~
time modernhic acclovy ihsysmoht-ded it 

number of other Ieneficia practi:es so that present 
yields often exceed 3.0 tons/ha. 

Gains in crop yields have been derived from 
application of improved pra:tices on the better land. 
Future emlphasis should still he placed on the more 
fertile, well-drained. easily tillable soils rather than 
on steeper slopes which require greater inputs. 

Notable gaps exist between crop yields in devel-
oped and developing countries, l)ul tmore strikingare the differenCs between the best and average 

farmers. In India anti Pakistan the top 10% farmers 
obtain crop yields seven times greater than the 
average farmer, whereas in Pennsylvania the ratiois less than two (Pasto, 961). 

Multiple Cropping 

The growing of more than one crop on) th( same 
land in one year is known as multiple copping 
(Andrews and Kassam, 1975; Dalrymple, 1971: liar-
wood, 1974; Ruthenberg, 1971). It includes mixed 
cropping-two or more crops grown simultaneously 
and intermingled: intercropping-two or more crops 
grown simultaneouslv in adjacent rows: relay Crop-
ping-two or more crops in sequence, seeding or 
transplanting the succeeding one before harvest t 

after flowering of the former: double cropping-two 
crops grown in sequence, seeding or transplanting 
one after the harvest of another; ratoon cropping-
taking more than one harvest from a single planted 
crop. 

Multiple cropping evolved over the centuries 
under farming conditions of limited land resources 
and where increased population pressures imposed 
a need for more intensive farming systems. Mixed 
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and intercropping are common practices of farmers 
classified as traditional agriculturists, particularly 
in developing countries. Some views of multiple 
cropping include: 

Advantages. Increased total yield in lerms of land 
equivalency (yield ratio of associated crops relative 
to their yields in pure stands) letter utilization of 

environment, space and time; prolonged ground 
cover: greater distribution of lahor; security against 
crop failure: minimized loss deI(to diseases, insects 
and other pests. 

Ddtae Mehanization more (ifficult: ap
Dih'1nt. hr 

plication of inputs more comnplex: experimentation 
more complicated. (Andrews, 1975; Andrews and 
Kassm , '1975: D1lryniple. 1971; Ilarwood. 197.1; 

Norman, 1t74: Trenhath. 1974; Willev and ()sirii, 
17)

Multiple cropping provides diversity in 'ropping 
patterns, constitutes it form of crop intensificalio , 
provides a more stea(lv and a wider variety of foods 
than single cropping and tends to stabilize tlhe 
farming systen (I mwood. 197-1). A high percentagen
of crops in developing countries are grown in altions: for example. 90;. of the cowpeas of Afric'a: 
90, 80, and 73; of the beans in Colomuia. Brazil, 
and Guatendma, respectively: i60 (it) I the raize 
in Latin Americi (Francis' et a.. 1976). (hiltivars 
in La tin er s t 197). rl.. ulti 

however, are generally not availabhle coninercially
but have been locally selected over gener',liois to

I 
filted ant icular cropping systdm. In fact, on(ltl s
lected and tested under conditions of a noloculturf. 
may not be suited for multiple cropping (Francis 

ttia., 1976) and litl is known regar s.ing seaece te 
tion of plant types forgrowing in mixtires. Research 
directed toward multiple cropping :and farming sys
tens is somewhat limited and the interrelalionshipsof crop associations have not been clearly sorted 
out. Yield increases from none to more than 50% 
have been obtained by growing two crops together. 
Ill general. studies have heen conducted on till more 
easily tillable terriin rather than oil steeper slopes 
(Aiyer. 1949; Andrews, 1975: Ialrymple, 1971; Fin
ley, 1974; Francis et a)l., 1976; Greniland, 1975; 
Grimes. l19i:3: t larwood, 1974; Kanwar, 1970; Kung. 
1969; Norman, 1974; Okigbo and Greenland, '1976: 
Swaminathan, 1976; Wa ugh, 1975; Willey aid tsirn,
1972). 

IMPROVING CROPPING SYSTEMS 
There is no assurance that technology gained from 

modern agricultural research is .pplicable to the 
small holders in hill lands. Most research findings, 
regardless of goals, better fit the practices of progres
sive farmers than those of subsistence farmers. EIx
ceptions to this would be the use of high yielding 
rice and wheat varieties in several counlries (Castillo, 



1975: Dalrymple, 1975) and to 	some extent maizevarieties. Even so, it has been the small holders in
low lands who adopted the new varieties and made use of the associated technology package rather than
those in hill lands. New varieties have not beenbred to withstand the strong acid, low phosphorus,
droughty soils, and highly variabhe temperature
conditions so common in hill lands. Improved vari-etios, however, constitute the basis of technologicalPa:kages anildoftearethe coml ponent most attractive 
to 	farmers. 


A valid criticism of 
 the modern approa,:h toimprove agriculture for small holders might be the 
procedure used to extend new technology rather thanIhe vai lte of the improved practice perse.In general,agricltural scientists methodically pursue a line ofstudy focused on some component of a cropping 
system with the firm conviction that their effortsrel)reseit the farmer's need. On-farm research ordenonstrat ions are then designed by the scientiststo show farmers the benefils of new technology. This
scheme has been successful with the more aggres-si ye, large land holders but for thie most part hasnot :on vinced the small hliers to make(changes. 

I-\f ending Traditional Practives. The farmer,whether large or small, on hill land lowor land,looks at his farming systems as a whole, one inwhich components are not aiways clearly separated.
We ats agricultural researchers tend to look al com-
ponents and expect the farmer to be able to fit the 
pieces together as a unit. The small farmer and hisfa rily need an assured food stp)ply, material forconstructi on ani fuel, ;lolhing, tools and power for
tillige. 
 Ife 	also has a desire for some cash incorne,
edlucalion for the children, aad family social recog-nition within his physical and economic environ-

merit. T'o factors niay lie important in our search
to 	influence and hopefully improve his livelihood:
(1) we lio not know enough about his situation inrits entirety ani (2) we do not know whether presentteichmology will or 	will not apply to his siltuation,

Perhatps our experimental aipproai:h shouldI1(e
modified to include the small farnier right from thebeginning, not bypassing him. This implies theestablishment of a, base Iine from which he operates
within Ii is system of cropping, coming to recognizeamnIaIppreraite his aiis, desires, problems, anidaspiralions prior to designing on-farm research. Dur-ing this time his inpunts could be included in plan-ning anil execution of lical research, collection and
interpretat ion of results anil iriiplemntalion of firid-ings. It is likely that one of 	 the most sionificant
findings coming out of the Puehia Project, a pilotstirdI of how to increase maize yields aiuong smallsubsistence farrners in rainfed areas of C':litral Mexi-co, (:ouzhilbe summed u ) as "the goal should besomethiig the ieople in Ihe area feel is really 
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worthwhile" (Jimenez and Laird, 1974). That "thesmall farmer should be involved in the decision
making process and should also be persuaded tomake a 	resource commitment to 	 the project" was a 	 primary finding in 	 an examination of 	 36 ruraldevelopment projects operating in African and Latin
American countries (USAID Report, 1975).

The suggested model of farmer involvement 
not excludie the more strategic 

does 
research conductedby trained scientists in national, regional and international institutions. It would, in fact, be a collab

orative and interdisciplinary approch with a flowof 	ideas and information in both directions. Those 
who work directly with farmers, however, wouldneed to possess a special sensitivity to their needsaid to serve as a liaison between them and research
workers. Thus, training of technicians is necessary
for implementation of farmer-oriented research andits transfer to the small holder.
 

A similar operational approach 
 has been takenby the Institute of Agricultural Science and Technol
ogy (ICTA) in Guatemala (Waugh, 1975), by theAgronomic Center of Tropical Investigation andTraining (CATIE) and USAID Regional Office of 
Central America and Panama (ROCAP) in CentralAmerica (personal communication with DamonBoynton), andt by the International Rice Research
Institute (IRRI) in the Philippines (Harwood, 1974).
It would appear, however, that none of these operations include an active participation of farmer groups
as envisioned in the present proposal. 

COMPONENTS OF CROPPING SYSTEMS
Conmponents of technology such as varietal development, crop and pest managenient practices, soilconservation and water management and economic

analyses, are vital in the assembly of alternatives
within cropping systems. They are best studied, of course, at organized research stations or on pilotfarms. Testing of such components, howe. ur, should
bie clone within a management framework 
 underwhich the practice is to 	be used. Many developing
countries cannot, however, afford expinsive research
 
programs to cover the array of major and miinor crop
constituents 
 of 	diverse cropping patterns. Ii someinstances much cin be accomplished with little 
investment. 

An example of finger millet improvement in Nepalserves as an illustration (Rockefeller Foundation,
1976). Growing this crop for many years in isolatedvalleys and hill lands had led to coisderable genetic
variation. After two years of collecting and testinglocal types, with a minimuni expenditure, yield
increases of about 50% were obtained by selectingsuperior strains withort additional technologicaI
inputs. Taking advantage of this initial diversity andnaintaining a )road genetic base could be eof treniendotus benefit to small holders. Adding breeding 
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efforts in the search for certain desirable charac-
teristics might provide another 15 to 20% advantage 
over a 5- to 10-year period, 
RECYCLING NUTRIENTS 

Ani mals make a significant contribution to hill 
land farming systems. They are usually omitted from 
studies of cropping systems, but are an essential 
component in the recycling of nutrients. This factor 
is of much greater importance to the subsistence 
farmer than to the commercial farmer. lartholoniew 
(1972) pointed out that the relatively low maize 
yields of 600 to 1 200 kg/ha remove about 15 kg 
of nitrogen in the grain. If we take into account 
the amount of nitrogen suppIlied by rainwater and 
nonsymbiotic fixation. suc I aodest yields could he 
sustai,ied over a long perion ,,ftime with low inputs 
of fertilizer or through the lse of ample compost. 
Animal management thus plays a major role in the 
intensification of farming systems in tihe hills. Atten-
tion to feed supplies both in h:rms of quantity and 
quality contributes to the well-being of animals and 
to their efficiency of nutrient rec(ycling. Reserving 
land for production of forage crops is not always
feasible, but including a legume in the cropping 
pattern pro%ides a nians of improving nutrient and 
feed supply. 

Another source of feed supply on manv.hill farms 
is that of fodder shrubs and trees. A single farmer 
frequent ly recognizes 25 to 30 such plants, conserves 
them on his homestead, uses them extensively when 
they are found on communal holdings, but makes 
no effort to protect those off his farr, s.:e. Altenlion 
to fodder trees and shrubs could provide a three-
pronged thrust in farming system imJrovemnent since 
a number of species supply herbage for liv.stock, 
fuel for burning and offer prolection against svi 
erosion. Leimaena letocepliala is such a speci2, 
Once plants are established, leaves and twigs of 'Sii 
perennial legume can be repeatedlyh, cut as h-.,
protein animal feed. When allowed to grow uprif' hi. 
plants produce a main trunk having a diameter of 
10 cm or more within a year. If cut as firewood, 
then new tillers develop n1ear ground level and 
sustain growth over many years with repeated cut-
ting. Plants provide excellent ground cover and 
produce an extensive root syst rn which, when prop-
erly inoculated with bacteria, fixes more nitrogen 
than any other tropical herbage legume (lill, 1971). 
This species is restricted to regions free of heavy 
frost, but many other species an(] genera abound 
at different elevations and flourish under various 
environmental conditions. None has been fully ex-

ploited. 

Of more immediate significance is the improve-
ment of grazing lands. First, a scheme of grazing 
management must be imposed to avoid overstocking 
and overgrazing. Then more productive species 

should he introduced. Including a legume improves
animal nutrition and soil nitrogen content. Use of 
phosphate enhances legume establishment, growth 
and persistence. If grazing lands are to be cultivated 
for crops, then a plan of Iand management such 
as strip cropping and field rotation should be ema
ployed. Such practices may demand government
intervention, but they must have the sanction of 
village leaders as well as that of the lmople. 
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DISCUSSION 

S. B. Nepali (Nepal). Dr. Crowder has given theproblems and even the answers, but I have not seenpick up for implementingthe package of programs thatonthe hill farmers couldhill agriculture sites 
where subsistence agriculture does exist. In thisrespect I would like to ask Dr. Crowder to referto these Nepal conditions and also to take intoconsideration the North African mountains and the
Andes. Taking all of these regions as a whole, Ithink it would be Ietter to havye one experiment 
station to stttdy hill agriculture somipwhere.
Crowder. We do have technology. We have technology and packages of technology, but usually theyare aimed at single crops. If you go into the hill
 
lands you seldom see single crops growing. You
usually see some form of multiple cropp ing in theway of intercropping or mixed cropping. It's only
recently that even the international institutes have
begun any work with such schenes of farming. There
 
are some programs at 
 the Rice Research Inslilute,

but they are aimed ill rice and usually in the low
lands. At the International Institute in Africa thereis sorne research on mixed cropping. Interest inglyenough, in Central America there is a colahborativeprogram between CATIE, the Central American In
slitute at 'rturriallba, Costa Rica and ROCAP (USAIDsupport) in which mixed cropping is an objective.
In Gtatenala, the Rockefeller Foundation has ini
tiated some work on mixed cropping in cooperationwith the government. What I'in saying is that we 
don't have that technological package for hill landagriculttre at the moment. There are people who 
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will argue that present-day technology can be ap-
plied to small farmers. I'm not sure, I don't think 
we really know. I think your suggestion that an 
international institute he established to do applied 
research on hill land agriculture is good. Maybe 
we need national institutes to work on hill land 
agriculture, because people atinternational institutes 
should concentrate on regional problems, but isn't 
hill land agriculture international? The plight of 
small farmers in hill lands is truly international. 
There are a lot of correlations hetween Nepal and 
the Andean region. I don't think we've put together 
technological packages for global situations. I would 
welcome comments on this p)int. 

H. F. Massey (Kentucky, USA). One of y'our slides 
dealt 	with the need for involving the farmer in the 

I agree whole-research-extension type program. 
heartedly with this. Do you have alny thoughts on 
how such a program might he instituterd in Nepal 
or any other cOuntry? What would be the cost, how 
would you arrange it, how expensive would it be 
to provide this type of integration, what would be 
the relationship between the government vorker ailnd 
the farmer or the farmer representative? 

Crowder. There has been some work along this line 
at the Internitional Rice Research Institute. It has 
been weil documented by Dr. Richard Harwood, who 
worked at the Institute for several years. Researchers 
visited farms and talked with the farmers to learn 
what their problems are and how their systems of
farming might be. mofd the ownstiut team,The Institute 
however, imposed many of their own ideas in the 
on-farm research. As I indicated, similar wok is 
being doneh in Central America. 

For about a %,tarat Cormll ve were conc:erne(l
about the lower 40" of the small farmers-a group 
largely bypassed or only marginally touched by 
modern research. We talked, argnedl, thought, hit 
we didn't come ip with anything until one day
when a small group ,suggested that we neederl to 
know where the farmer is before we could estiiblish 
an operational hase line. Our intent would he to 
involve a group of aspirin,, grad uate stidents from 
the United States and from the coontry to he in-
volved. They would collect information at the farmer 
level. They would go to a crmrnunity an(l live there 
so as to become acquainted with and accepted by 
the people. It should take them about six months 
to acquire knowledge about the conditiions of the 
farmer, fmnd out where he is and what it is he wants 
to do. Some have asked, "Does this small farmer 
want changes?" Of course he does. lie just droesn't 
want the kind of changes we're going to take out 
there-that's been the problem. 1low many times 
have you and I taken out demonsIration trials, put 
them onto a farm, and paid the farmer for the use 
of his land. When we lepart, what do we leave 

behind? A few pesos in his pocket! lie usually does 
not adopt our trial practices. But we c:an obtain 
information and establish an operational farmer base 
line and then use farmer input for the planning of 
on-farm research. This goes one step further than 
that used at the International Rice Research Institute 
or in Guatemala, i.e., development of a fariner
oriented operational base line prior to planning and 
executing research. Perhaps 25 or 30 thousand dol
lars would suffice for the initial input for ol)taining 
information needed to establish tei operational 
baseline. This is sufficient funding to follow through, 
and we would only studiy one small conllunity. 
Such a lIodel woull also involve researchers at 
national and internitional institutes. We trained 
people to acquire this information. We don't have 
them its yet. 
Dick Tinsley (Philippines). I continued some of the 
research Dr. Ilarwood started and have been actively 
Conrlurting research trials rather than dehmon
trational trials on approximately 200 or 250 farmers' 

fields. There is it technique- that can he used and 
developed. Itgets to be a fairly sensitive .ind difficult 
technique in any given area. I think we end up with 
something like a field staff of about twenty people, 
so that the interaction between the researchers and 
the farmer beconles quite sensitive. Frequently we 
use a fairly large fraction of his lmnrl -tro you can't 

portion of hise land thae yu're using ferits, atn(] 
this and and sinsitivevery diffioult 	 rolm 
thsbcmsavr'ifultanestvermllmtmodified.o interpret, I think, however, we h,ive ha(d soni 
degree of suc(:e ss. Certainly the, normal experinmentlI 
research techniques cannot ibe used. Variation may 

e extremely high. We have bven ible to not a 
fairly large degree of arlaptatiomn and mtlifilatiorI 
within the farmer system for our effo'ts, We have 
also gained high appreciation for the ability of the 
farmer to he very accurately in tie with his re
sources. Whenever we have nade any lype of a 
r:hange, we most identify a constraint to rhange 
because that farmer knows his resour;es ild exactly 
what he is doing. 

Gene C. Wilken (Colorado, USA). I agree with your 
statement that we don't have a technological par:kage 
for the small farmer: I disagree that there is no 
technology. I think we somelines feel that technolo
gy is synonymous with the Western World and I 
would argue that the small farmer himself has ain 
elaborate technology; that these many farming sys
tems mentionerd represent an enormous :ollection 
of techniques for managing small plots and hillside 
farms. I would argue that tIhis is a technology we 
shoulI not ignore. This itself merils enormrus in
vesligation to find out if farmers have alrealy solved 
some of the prolblems that we're only now becomirig 
acquainted with. I see a trend in this riret ion-we 
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have suddenly discovered multiple cropping as aresearch objective, a technique the small farmer has
been using for thousands of years. I wonder howlitany other useful techniques the small farmer has 
perfected? 

Crowder. 
 If Ihave inferred that there is no technolo-
gy, I hasten to mailake retraction. I appreciate
commeilsInllS nd agree that there is 

your 
a wealth of smallfarier information which has been accumnulated overcenturies. This is what we're aiming at in establish-

ing an operalional line hased on his information. 
Wcewouhl ph ar team of ilple out in the fieldhilike il) soby aigroup ill national or internaionalinstitule or hcth so tha we :oul get i flow thfinformalin r 

seall fiater eing fed into 


o ays, i.e., informalion from the 
basic and strategicalvrtachesart Ilh(n inslilueapproatches froii i holhe hnoloiae-the ifl ,tewhich couIl he isuef

(ltelyarpplied ol thlt farm. We may not he sure
hey are applicable, but by working together I think

ife could perhaps come up with a different type 
Ill like to go back to Mr. Nepali's statement abouta'd itetioak ititote fr.Neplll,In internlitionill inslilule foi- hillI agre:e that ln a utIan(] agriculture.we do) needl Iiru)a(Iscah.ed internationalizedI 

rIsearchi l nd fr.mIs l l int.rna rsvi-hoil bill laind airmrng. A nulmber of finterna-tiurlIl institluteslierhiapSalIlhtbr olie, exist, so insteaId f eslablishingwve (:1m(01( dbvelojp sathllith, 
resear(ih pregrrs wehinthcofrnlewvlrk of nationaf 
institltes. these might he jlilly staffed by alli.terriatllll instilte i iln bythe national ins ithite, 
usingy. wh k w wjustcou111 IIwhatr 

Don IPlucknett (Hawaii, USA). I wits tlhl by a man 
in Nepal who knows the agri:ltural situation there
Ihatl Ihe famIers of Nepal are good, but the state

of agrilllt ure is poor. Perhaps oulside technology
(r ideas coull be Ised to improve the sitmuation. 

If yu've gotli q I ot'olrrcl rs whoIatr very good

ill i vry%, limihl reso)ur;e sitluation, who
ing tIh(sV reso0 111 i areltyii good ire iaiag-way given allthe pirobleis Ihey have, then whill is possihe? Can 
we iripr(ve it stale of agriculture ii a country

by helping 
 f:ln vlrs ini their own systei to take

technolc gy they 
 feel will fit in their systel thal
will give ihelil some imlrir veieis? 


''her are farminig sytems 
 that we shoul lhestudying: the farmers ,,f t'gyplt for exanple, who 
have inail;igl frir so many years toobtain high yieldsani(I have hen little infl uenced by omlside thechihnob-
gy. If we really i ventoried %-hialthey know, whal
ia storehouse of information we ould have. Thefiriners (If Nelii], the farmers (If China-all are very
important sources of infornation, and then, Crowder
nimlined the (lUesti)n of slrategic research, we canfll:us research onl Ihe real iroblems of the farmer, 
not just researl:hahle topil:s, but their irohlems. Hill 

CROWDER 
lands are one major problem area where we've gotto do a better job. Farming systems research is one
of the ways of doing this, but it has to be farming
systems research that starts with the farmer, not the 
experiment station. 
Susan Almy (New York, USA). I want to talk about
theGuatemalan program because it relates very muchto how little can be spent to do a lot in this general
area of hill land agriculture. The program of ROCAP
and CATIE that was discussed actually started inEl SalaIorcwith avery small group of people aout 

four or five years ago and then was moved intoGuatemala. They are working within the Ministryof Agriculture, with the usual agricultural researchstations as backup. In Guatemala, they are actuallyworking in three different kinds of hill land farmingsystems. There are only two or three people at eachsite working full time with two or three professionals
pilus four or five farmers-the economist, the anthro
pologist and the agronomist gel together and plotstrategies after a land use survey. All together there 

may be eight people working on a given project,? h s p i t a d t ef rbul theypo)intare achievinglite somefarmersrather remarkablea e i l thingseai this anl e s ( il vthat are invo~lved arer 
r !ally bringing their own technology into it. Whilev~sitiig rcnl we wvent tovisiting look at it complexrecently w e en took a beenmultiple croPp~ing experiment. The farmners nad been 
folding a leaf over cabbageheight, then placing a stone onwhen it reached a certainit. 'his is somethingthey have been doing on their own plots with aslightly different kind of vegetahble, so the agronomist 

left it there. He figured that maybe they knewthey were doing, and it would le vorthwhile 
to find out. You c.an determine such things at an
extremely low cost. You may iot obtain the kind(of results that can he published. lutlithe results might
lead to improvements in farming systens in a devel
oping country. 

Jim Duke (Maryland, USA). I think perhaps it was
Toni Odam, ill his boo1(k Environment, Societyv. andlPower, or some such title, who wrote that before
exporting technology to third worlc farmers, weshould import a liltle before we re-exporl what they
know. There's a lot we can learn from then before 
we export ollr own technologies.

I am very clcse to tHowarcl Highland in the Plant
Introduction Office in Beltsvile and I know that once something has been idertified as having great
promise for the trl)pi:s, we'll get a flood of inquiries
for the gerniplasm. The speaker identified Leucaena
leucocephala is one of the mnost promising legunmes
for the tropi(:s. Now I don't know how far downthe frost line is ill Nepal or how high up the species
will grow, but I woulh point oult that it does notthrive where the annual temperature is lower than160 C. Le';aena is very promising for the tropics,
but not elsewhere. 
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Maurice Hleath (Indiana, USA). Five of our great 
universities and experiment stations lie in the central 
part of the corn bell on rich, black soils. In this 
area, we've seen hill lands that have been committed 
to forestry for forty years that are now being cleared 
and put into rather profitable farming enterprises, 
Iknow there are some people who are very concerned 
about the small farms becoming covered with trees, 
To some this is good, but others say there must 
be a way of using such land in a more profitable 
agriculture practice. My question is.how do you 
move a great land-grant university like Cornell and 
its experiment station into the southern tier of New 
York to study the different intensification of agricul-
lure for that area where farms have heen disappear-
ing? At one time there were good dairy farms on 
those hills. How (1o we get into the hill lands with 
manpower. money and facilities to live with these 
farmers that are trying to make a living and contribute 
to the economy? 

Crowder. This touches a vital point, and one that 
our committee at Cornell wrestled-w, called it the 
Back Forty Committee. since our interest was with 
the lower 40 1, of the farmers of the world. In some 
places it's 90";,, isn't it? Il the southern tier of New' 
York it's probably 50 to 10":.. This is i problen 
and we recognize it in New 'York. Quite frankly 
we don't know how to get into those hills. W, hav' 
been accused of putting people (ut of firming for 
many years. and perhaps we have. I think we ratio-
nalizerd in earlier days that they should have ben 
helped out of farming and into something more 
producti i.' for them indi vidually. Now al approaclh 
is being taken which might serve as a model. In 
Chenago CoOnt\. New 'ork. which is in the southern 
tier, an experien:e(d woman is working directly with 
the county agrictultural office, and her specific job 
is to go into the hills, ber:ome acquainted with the 
people, find out what they're doing an( why. IHlope-
fully this will provide information that the IExtension 
Service can use. 

Agriculture economists it Cornell say there exists 
a $2.000 capitalization per dairy (:ow-that's $50,000 
for 25 cows, which is quite a small dairy farm. In 
this entire region 25 farmers had 25 cows or less 
and they were all over 55 years old. They were 
obviously staying on the land until retirement, after 
which it would be sold for old-age support. I don't 
think you build an extension program on that sort 
of base. Then the dairy herd was increased to about 
35 cows, and at that point the numbers of farmers 
increased to about 50, with some 10 or 12 people 
who were under 45 years of age in the sample group. 
Now, it's a question whether these are subsistence 
farmers who are left or people who have moved 
out of the city, are still working there, and just happen 
to be living in the country. The clientele in Chenago 

County is thus different from the subsistence farmer 
in developing countries such as Nepal. This does 
not excuse us from addressing the problems at home 
first. We might say that Hard Tomatoes. Iar(l Tines, 
the critical report on land-grant colleges, is not that 
far away. What are we doing in our land-grant 
institutions to reach the small farmers within our 
own states? I think it's a very good point. The cost 
of the program compared to the rest of our extension 
programs is essentially zero. I think we're putting 
about 25 or 30 thousand dollars of stale money into 
the Chenago program each year. 

In flying from New York to Ithaca, one sees all 
kinds of small blocks of land and can ask, "If I'm 
concerned ahoot small farmers in other parts of the 
worl what can be done fir the peoplei down there?" 
Robert Keefer (West Virginia, USA). New York and 
'vest Virginia have'( the sai prollefi with Ihe 
marginal, small farmier. WeIthive reseairch programs 
and soenl infornti n may apply to these farmers, 
but how can w,.ejust ify directling a certa inamnrt
of researh towrdvj them? hiat mettld iowe havile' 
of d hoing I should say, what Iit-rionthis? Maybe 
of dour resear:h shoul s to.ard these small*lirvte 
tarrs? 

E.B. Oyer (New York, ISA). t)o's someone hav1e 
.3n answer for that? I doubt very much if they do. 
I would say that research aimed at small hill land 
firmers (can be justified. We hav( b(en able it)justify 
(qIiite an extelsive international program iinNew 
York. After ill. it is i local program and Ih(e:oiohi
W0:soif agriculture 'ill show that these pet)pl)e have, 
bl'll bypassed. 'lere (canbe justification stablished. 
hot it hilas been (hevelowd.n1ot 
Herb Massey (Kentucky, USA). Suppose I'm minis
ter of agriculture in s330 country al(1 I'm sold on 
this approach: I waill to put something like this 
into effect. Let's :onede that maybe I have some 
resources that I can use or divert to the piroject. 
flow (1o you go about doing it? I-low (doyou go 
about setting ut[an organizalion, a schene or hu
reancracy or whatever it tak3's that (can 3l,rrate in 
this way? One thing that wi,'vv had in the U.S.A. 
is a close system of working with Ile farmers. We 
get direction from them to some extent; 3mny of 
our researchers work with thein; and our exthirisin 
people work with them. 'lhe farmers to some vxten 
serve the mediuim that brings together the agroiio
mist, the plant pathologist, the animal scientli;t and 
so on. Furthermore, they in t,grate efforts of these 
specialists. But in a so;iety wlre tie farmer does 
not make demands of the specia list, and does not 
feel that the government is resolnsive, there is ii 
lack of such input. Now what kil( of sysem :outid 
be established that would sonmhow tise this input 
from the farmer? This is really the question I was 
trying to ask. 
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Milton Barnett (New York, USA). I wonder if wecouhl apply this question to the project of theUniversity of Kentucky with which Dr. Massey was 
associated and ask what results were obtained? 

Massey. Some attempts 
were made to bring farmers
in to field days, and to put research on farmers'
fields. But I don't feel that this project would bejudged successful in terms of the sort of thing thatwe're talking about today. This was really not apart of the original project scheme. What I'm really
trying to get at is how could a government set tipan organization that would have this type of ap-proach built into the program. 
Oyer. I lon't want to put anyone oi the spot, butI think we have some resource persons in the roomwho can bet at an answer to this question. I am
convinced that leaders within a country must have 
a political will to implement such a program. Inthe U.S.A. we have the political willhave been able, it seems to mrie, to say to do so. Wecommercial farmer, "OK, to the largewe've served you pretty 

well but we've bypassed( a group of people that
think we need 

we 
to go back and help."

Thegovernment of Taiwan has a joint Commission
for Rural Reconstruction (JCRR) that has addressed
the problem of working with people in mountains
and has some projects developed for such regions.
Would one o)f thewilling rep~resentatives from Tiiwani beto speak aersnt from Taen beICR R? about the approach taken ly the 

Hsiao-Tsai Wang (Republic 
 of China). The Corn-
mission was given the idea of the project, cooperating
with the governmental organization. The govern-

ment gives them money and technicians every year.
We can improve hill Ianri 
 farmers' conditions with 

technicia i'r.

Oyer. So you've (lone it with technicians, but you

also, I think, have the East-West Highway, which 

was a part of this, and the development of fruit
lands in the upper part of Taiwan was again a part

of this. You've (done this with technicians but also
with infrastructure. Woul you say a little about
credit? What credit has your governnient given tothe farmers in these araiis to help them develop, 
to use technology that you introducel? 
Wang. Usually JCRR gives money for cooperative
research from which data is obtained ancl extended 
to the farmer to show him how to use these experi-
mental results, 
Oyer. Taiwan, as you must know, has a very excel-
lent farm advisory system arid farmers' associations,
Firtherrore, special schools are held for hill Iard 


eople.

Wang. Yes, we have a bureau, the Agricultural
Resources 1Bureau, with technicians who are ableto do sonelhing for the hill land farmers, 
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Oyer. Ican testify that hill lands do exist in Taiwan.
When visiting there, we drove as far as possible,
then walked 3 1A., hours and still weren't at the top 
most village. 
Charles Bailey (New York, USA). I would like tospeak to the question of political will. Dr. Crowder
has talked about farming systems and we've been
concerned about the community an( the farmers
in that community, but, as I think we're all aware,
these ecosystems exist in river basin The threats
to the farming systems in the plains below are
something that's been much talked about. In thehills of India there are really two aspects of political 
will-one relating to defense needs. Someone hasremarked that probably the greatest factor contrib
uting to the development of hilly areas in India
the People Liberation Army in Tibet, and that 

is 
a lot

of roads and public works have gone in since 1960-62 
as a result. But they have been built without muchreference to the people who live in the hills. A lotof the expenditure that has gone into the hills has 

come back again in the form of PWE contractors
who come from the plains. A lot of the impact in
road building, of course, exacerbated the condition
of erosion. So that's one aspect of political will
motivation to put money into the hills, but again
with programs that are not oriented to the people
who live there. The other aspect has to do withriver basin protection in the hills of Uttar Pradesh,India. In 1962 athe watershed program wasabove instituted to protecta lam that wasRamganga. This was built on theagain dihected to the farmers 
on the non-forested land. The program continued
for ten years, with expenditures of 17 million rupees
on such things as subsidized terrace reconstruction,
fruit tree plantation and reforestation of community 
grazing land. There are no quantitative indicatorswhich suggest that the investment had any payoff

in terms of the primary interest, which is reduction

of siltation at the 
 dam site. Even so, this points
again to government being motivated to do some
thing in the hill areas, but being motivated by
considlerations that are above, beyond, or outside

the hill areas, and in so doing, putting in money

and putting in programs that 
have had very little 
effect.
 
Oyer. Would 
you care to say something about the
UNESCO Project 7, which is for hill lands and tundraareas? Meetings were held in Bolivia and, I think, 
in Nepal. 
Bailey. This is part of the Man and Biosphere pro
gram ard there are about 13 projects. It's an attempt
to bring scientists together in research networks 
around various kinds of problem areas and particularproblems. I think the first six projects deal withparticular )roblem areas, islands, mountains, tundra
ecosystems and so forth. The meeting in Nepal 
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brought together scientists from all the countries 
that share the Hindu Kush scheme (India, Pakistan, 
Afghanistan and Nepal). People from Iran and China 
were invited, but they (lid not attend. I think the 
major conclusion of the conference was that so long 
as these kinds of problems are discussed inconfer-
ences which are set uI) hy national bases, then the 
problems of international politics will doninate the 
scientific talk. That's exactly what happened in this 
case. A lot of the problems that Dr. Crowder has 
touched on and some that I hiave mentioned having 
to do with soil erosion and land destruction were 
touched on. It was a very assertive stmnary per-
formance, I'm sorry to sity. One re(cornmendation 
was the establishment of an international institute, 
Unfortunately UNESCO doesn't have money to do 
this kind of thing, and this is where the matter stands. 

Nepali. About the tUNESCO and Biosphere Confer-
ence which was held last year in Nepal. \t thal 
time it had been decided to select a site in Nepal 
to have an environm'nnitl st(dy center, possibly an 
international environmental study ,:enter. which 
does not relate much to agric:ulturad aspects. The 
last time they discussed it. the enphaisis was not 
on the economic aspects that we need in tihe (evel-
oping countries to aid the economy of the hill people 
while maintaining the environment. Environment 
and economy should go hand in haind. Il this cise. 
I don't know whether the Man and Biosphere pro-
gram is just looking along this line or just along 
the economic line. 
Tinsley. The IRRI program in farmers' fieldS actualh' 
started after Dr. Richard Bradfield left and (;ordon 
Bonton and Dick Harwoo' began to apply some of 
Dr. Bradfield's ideas to farmer enterprises. 'he pro-
gram in the Philippines is established as a coopera-
tive organization wvith IRFI as the leader. Perhaps 
it should be noted thit, in general, agricultural 
technical staff in developed countries grew tIp on 
farms, went to school and returned to work in 
agriculture. Frequently, agricultural technical pen-
pie in developing countries come out of the cities 
and do not have the "back to the farm'' attitude, 

IRRI is developing the cropping systems network 
in a way to encourage other countries to become 
involved in research. This has been adopted by 
several other countries in the rice-growing areas, 
Essentially, we select a projeCt area which we feel 
suits our needs or the n.etds of the counlry that 
we're working with and then try to station people 
there, a team of economists and agronomists and 
occasionally weed scientists and an entomologist, 
The economist looks at the system as it exists at 

the present time. The agronomist tries to work with 
the farmer and through the farmer to find out what 
else can be done, hoth with the physical environment 
and with the farmer's resources. We find that we 
can push the physical environment to ahoutl one 
whole crop intensity higher than the farmer is 
physically capable of doing. This becomes one oif 
our major problems. namely, to identify why this 
gap exists. We work with a few technicil People 
aind some local people in villages w Ihrethe were 
born and reared. The latter become the li'iison 
hetween the project and the firmier and go out ilild 
monitor the different trials near a village. T1o conduct 
research at Ihe village level, we estimate we would 
need about 25 thousand dollars a year per project 
location for three years, not counting Ihe interni
tional staffing. but strictly Ihe local level staffing. 

Oyer. Thank you very much. I would just point out 
that this exemplifies the model that one international 
institute has used and would also point out that 
national programs have to fill in and carry on vhere 
this happens. I think we can'l escape thi,fi:t Ihat 
national prograns have to be involved. 
Charles Adamson (New South Wales, Australia). 
The question seems to resolve into two faclors-one, 
we're looking at the well-off and developed :ountries 
and, two. we're looking at the not so poorly under
dheveloped countries that areIproducing food for Iheir 
own domestic market. It seems strminge to ore in 
the United States where there is a food surplus that 
there should he so much attention focused on these 
small farmers and there should he such a lot if 
money spent trying to get these people nit lieter 
footing. What is hein,, done to actually, say. aiggre
gate these farms through iending institutions to try 
to make them larger iand economically profitable? 
Oyer. I would say that, as far as the United States 
is concerned, the lands that have been abandned 
have not been the most produ(:tive for one thing. 
In New York, what you say is happening. Investment 
firms buy large areas of land and amalgamate them. 
And now they're coming to Cornell, looking for 
young graduates to manage these farms. So, frol 
that standpoint, something of this nattire is happen
ing. The other point. r those of us who have lived 
through it, is that part of our real irihan problems 
in the United States conies from getting Lid of small 
farms aind movement of people from thi farrms to 
the cities. So I think that a lot of Ihlunrest in the 
late 1960s really had roots iii the loss of the small 
farmer. I hope we're trying Io plan aheal so that 
we can avoid this in the future with what we have 
left. 
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HILL LANDS IN THE PHILIPPINES 

The Republic of the Philippine: is an archipelago
arising in the Western Pacific and consisling (if some
7 100 islands and islets of which 730are large enough
to be inhabited and support production complexes.
The republic is divided into three regions-two large
islands, Luzon in the north and Mindanao in thesouth and the cluster of islands in the middle
collectively referred to "is the Visayas. The islands 
are comprised of a series of predominantly volcanic 
mountains wilh a generally norlh-south trend. These
mountains originate near, or perhaps below sea level,
and generally do not extend to a height where cool 
temperat tures become a major determinant in the 
cropping potential. The exception would be themountains around liaguio in northern Luzon where 
rnany of the temperate vegetables are grown, and 
parts of Mindanao, which include the highest moun-tain in the Philippines, Mount Apo, 2 953 meters. 

Most of the islands are climatically influenced 
by the southwest monsoon which divides the yearinto well-defined wet and dry seasons, with the 
cropping season for annual crops determined by the 
wet season. In addition to the monsoon, the country
is affechi- by several typhoons each year, the wind
from which can limit the potential for perennial 
crops in some areas such as the east coast. The
exception to both these climatic situations is Min-

dlanao which has a uniforn rainfall throughout the 

year without typhoons. 


Spreading 
away from the foot of most of these
mountains are large, relatively flat alluvial inter-

mountain or coastal 
 plains. Where soil, landscape
and rainfall permit, these plains are utilized for 
paddy rice, the stalple food of most Filipinos, and
the predominant agricultural production complex
o the country. As with many parts of Asii, the
need for rice to many Filipiros is almost inystic
to the extent of their being unsatisfied when rice
is not iaparl of their daily dIiet. tiecause of this demanid
for ricre, it is grown in most areas where it is
physically possible to grow it, even when a large 
amouinI of energy has to be expended to make the
level terraces needed for paddy rice. On the relatively
level alluvial plains, where most of the rice is grown,
the diked and leveled paddy fields are developed 

on most areas in which the original slope is approximately 8% or less. In the more rugged areas, paddy
terracing can extend up drainage ways surrounded 
by upland crops or up steeply sloping mountain
sides. The ultimate is the famous Banawe rice ter
races. However, these areas are not part of the major
paddy rice production cemplexes.

Since rice has this mystical quality that encourages
paddy cultivation wherever physically practical,
the hill lands of the Philippines can be defined in 
contrast to the predominant paddy rice production
systems as the areas in which topography is suffi
ciently adverse to normally restrict the establishment 
of the (liked, level terraces needed for paddy rice 
cultivation. 

This general and somewhat negative definition 
of hill lands, while accurately conveying the Philip
pine outlook, probably includes areasmany thatwould not be included in hill lands in many countries 
where rice is not the staple crop. The definition 
is intended to include most dry land production
complexes, even those based on dry land rice. It 
also is intended to include those production com
plexes in which paddy rice is a secondary crop,
grown in the drainageways of a primarily dry land
cropping complex such as sugar, as well as areas
where extreme efforts madewere to terrace slopes
well in excess of the 8% slopes that normally limit 
paddy establishment in the major paddy production
complexes. Certainly the Banawe rice terraces are 
a hill land production complex.

The hill lands support a wide variety of crops.
In any area a specific combination of these crops
will dominate in a homogenous manner to become 
a production complex. The specific production com
plex developed in an area is the ofresult the
interaction between the physical resources available 
and the prevailing social-economic resources. The
physical resources, including climate, soils, land
scape, etc., determine which crops can be prcouced.
The social-econornic resources encourage certain 
crops at the expense of others, and place constraints 
on fully itilizing the physical environment. These 
resources include the or-farni conditions of power,
labor, farm size, and off-farm resources of credit,
inputs, government policy, etc. and support struc
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lores including Iransportation, market and proce,ss-
ing facililies. The interaction of the physical and 
social-econoniic resources allows for a wide variation 
in production tomplexes evn between areas of 
essentially equal physical resources and in the final 
analysis g,!erally allows each location to have a 
unique production complex. 

In this cmnte.' :, the production coimplexes in the 
hills can he divided into those whic), are almost 
entirely subsistence-oriented versus thoso which are 
lugev omierciallv oriented. The first division 
relates to tho)se coimplexes which utilize :ittle or 
n clpital inputs and consume irtlly r i 
pit ditld, This includes m1-,aiNy of the it' isl,:ted 
C:0nllext's frequtntly involved in shifting 
tion. but also the lanaxve rice terraces. The scornd 
division includes the ll' stable produtctitn :()ll-
ph'xt's tht gtner,lly hve acc(ss to sole form of 
supportilg infrastructure. These cni be subdivided 
into two systems: one involving sia'ill Iald holding
,oi, largeLlan tttiins. The later ,e freuently 

ow1nei hy large internatitil l ctirporitions or their 
Philippine subsidiaries. 

SUBSISTENCE-ORIENTED COMPLEXES 
uiisisttnce-oriented comiplexes are thost iin 

which nv if any external inputs such as fertilizers. 
fpt'sti~i~lts or even improved setls tr,' used. ani-id 

troin which little prdih:, i.,, marketed. Fi'n(uiltlv 
these systems are located in highly isolattd ires 
inl which distances are ntastird in walking days. 
Thus even if inputs were av.ihle. often it would 
be impractical to transport them t( the lti:ation 
needled, or trainsport the increeed prodution to thle 
market for sale. The citpital frequently useit is tisetl 
for metal impltments such ias bolo knives, alxes and 
hoes, or the raew materia (utomobile spring steel)
hom whic flit!aimpteris(.inombe fhrsgerinl.t sldri:efrom which the implements can be ftrged h:ally

Although ma ny of these systems alre in isolated! 
areas, do interact groupsreas, the inhabitants omeral with other go sin volved in more commercial systerrs as well as 

the governmer. . Frequently. the hill people serve 
itsa migrant work force for lowland areas or supply 
draft animals on a seasonal basis to their lowland 
compatriots (Wallace, 1970). Occasionally. the peo-
pie even file land claims or pay token taxes to the 
government (Oracion, 1963; Wallace, 1970). The
exception to this interaction would be the Tasadayexcetion thin Idbe h Tasda~ 
tribe, which was only identified in 1971 as a stone 
age, gathering society in an isolated section fMindanao (Nance, 1975). Several examples of these 
systems are presented below, 

Shifting Cultivators 

Probably the most common and widely written 
about of the subsistence complexes are the shifting 

cultivators. In the Philippines shifting cultivations 
can be fouind throughout most of the islands. The 
swiddens made by them can e;asily be recognized 
from the air as irregular patchwork of clearings and 
secondary regrowth in the forest reserves. The manl 
agement of the swiddens is practically the same 
throughout the islands (Iozier. 1966; ()acion. 1963; 
Wallace, 1970), ind not significantly differeit fromn 
the shifting cultivation found throughout raich of 
the tropics. In generAl the vegetation is :tit or girdled 
early in the di season, dried for a month or nmore, 
then burned just prior to the first rains. The fields 
are then phinted to annual crops for Iwo or three 
years. As the producLivity (lecredises, the fields are 
usedlti\a-lsd for bienniaiand perennial fruit crops such as 
papaya and banana before being abandoned to natu, 
ral succession for several y'ears. 'hle decline in 
produttivity is nost often attributed to depletion 
of nutriets. Sin:e there is frequetlly i rapid, stccu
lent regrowth in tt .siddens. ll] of which requires
siglificint plalnt lutrients, the deci'eiased produc

tivity could partly be attribut(d to tille build til ) of 
plaint pathogtns. or the invasion of har.d to control 
weeils SUlti iiS lnip'r.it, f.vlinlrica, known locally 
as :ogton grass. 

During tht initil perio of cultivation, Ihe swid
(le s are used for t Itw-yitliig. intensive, multiple 
cropping systemi ctitered (til tiry ricet. Dry rice is 
pilanted on virtually Al th tpen areai of the swidden, 
frequently raindomly intevrcropptd with corn. Vine 

crops suth as st'tral types tf climbing beans, sweet 
potatoes and bitter gourds (Afniortlici ch,arantia) 
are plinted around flith-large trees not cut iitt burned, 
but defoliated aiul letf stlnding in the middle of 
the swoltlen. Filly, trtuiitt the mtges. egg plants, 
Cassava anid pinetipitc art planted to form a crude 
protective fence (Wallace, 1970). Alter the corn and 

are harvested the swItlidden is replanted to another(ombination (If crops. These in(.!ude inore corn plus 

some If the more drought-tolerant legunes such asmungbeans, cowpeas and peanuts. In sone partsof no(rthern liizon.,t ttbattct is a ma jor post-rice crop 

(Wallace. 197o). Tbhis is acash trop, haring sufficient 
(value per kilo to juistify hauli g to market from 
thei ed ares 
the isotlated areas. 

Bktweun the harvest of t! first crop and the 
planting of the second there is nornally a, delay
of one month or more (Wallace, 1970). This occursrepea tetdly in many c:omplexes: it comes (luring the 
miadly ineainy s es it cpprs to represen 
mi( dIe of the rainy season in a r tre s 
a loss of one inonth prime growing season. One 
reason for lhe delay could be that priority is given 
to securing the rice crop, before p.lating the second 
crop. Securing the first crop includes harves!ing, 
threshing and drying. This (:an require more than 
400 man-hours per ha, or one man-month, if rice 
is harvested panic:e by paniclh: and1(1threshed by 
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rubbing with the feet. These techniques are common The general view of the government toward theillsome of these systems (Dozier, 1966; Wallace, shifting cultivators is that they represent a destruc1970). tive force on the country's valuable forest reserves.If there isa second and third year of cultivation, This is because of the cutting of good timber treesthe ratio of corn, cassava and sweet potatoes to rice and also the accelerated erosion of the barren slopes.will increase. This is because these crops are more The government has made several attempts to curtailcompetitive with the invading weeds than is dry shifting cultivation. A major part of this effort hasrice. All the annual crops are planted without any been to forcefully resettle the hill tribes in lowland
land preparation other than dibbling with a sharp areas, providing them with land and some resourcespointed stick. This can be seen as a soil conservation to levelop a stable production system. More recentlytechnique, which is also used on severely eroded ;:fforts 1'ave bee-n ai med to encourage the residents
portions of more stable prodIoction complexes. Since lo adopt various stable tree culture production systhe shifting cultivators (1o not anticipate long-range tems, involving plantation crops or forest cropsland tenure, they generally do not become involved (Oracion, 1963). Unfortunately, many of thesein extensive soil conservat ion efforts, much to the plantation crops require extensive infrastructural
dismay of the government, support for processing the produce. In many of theThe produce of the swi(en frequently does not isolated areas this support does not exist. 
pr(Ividh either i sufficient or balanced diet. In Miin- The prospielct for shifting cultivation systems isdanao there are areas in which shifting cultivators most likely to develop more stable forms of commersuffer from severe vitamin A deficiency or goiter (R. cially oriented production systems. In many areasR. Ilarwood, personal communicat ion). Vitamin A the physical environment should support different(hefic:iency can b~e,:arrecte' b~y inchluirig other nat ive plantation cropping systems based on coconuts,
fruits in the diet, where;1 s correcting goiter will rubber, abaca (Musa textiles), cacao, coffee, etc. Theserequire ot her means of introducling iodine in!,) the systems frequ;ntly require a supporting infra
system , l)eficienclies in total proldoction are fre- structure, which must be provided concurrently with 
quenllyi made iip on the cash econo y by selling crop development. Once the infrastructure has beenhilol)00 or tobacco, renting draft animaIls and doing developed, thL shifting cultivation frequently hasmigrant work. The bamboo is freque tly the prime given way to more stable capital intensive systems.source of capital, Although ti c! cop is gathered more There are areas where shifting cultivation existsfrml sIIrou r (linrg fores;t :'eserve, thani cuitivated. The directly adjacent to or even as a part of oth,er moretobacco is cultivated specificall for cash purposes. stable commercially oriented production t on plexes.Occasionally, surplus fruits are s dd. These inclUe Examples are seen in the small hills directly beside
Iminanas or planlains as well as some fruits badly IRRI and within the University of the Philippines,neeoled for their vitainin A content. The migrant Los Bafios camfpu[, which in,.lude the foremostwork includes transplanting and harvesting rice on agricultural experiment station in the Philippines.lowland fields or cutting sugarcane during the dry In these areas ot persistent shifting cultivation, thesedsoi. shifting technology could easily be the most suitable

A typical swiddin can be as large as 3-4 ha, the for the resources available in the specific locality.clearing and preparing of which is generally a joint In tha shifting cultivation areas it should be possicommtnity effort, although it will bIlong to one ble to develop a stable subsistence production comindividual or family. The outsideh labor used is plex that will provide an adequate amount of aexchanged labor which carries an obligation for Ibalanced diet. Most likely such a system will
replayment in fidure clearing operations. Although 

have 
to get away from rice as tlhe staple crop and concenthe land is acqcuired gratis, used and ;1bandoned to trate on plantains (Alusa paradisiaca) and other treenilturaIl S'Cc,'ision, there remains a lingering clai i crops. This might involve reconstructing the natural

to the land iy the original clearer (Dozier, 1966). rain forest with a mixture of nutritionally valuable
Usually no one within a community will attempt plants. 
to reclaim and work an area 'ithout the original
clearer's permission. There ar! times when outsiders Banawe Rice Terraces 
will occupy the land because they are iunaware of In a portion of the Alimot River basin as it flowsthese traditional claimis. This is frequently a cause through the mountains of northern Luzon, the Ifugaoof conflict between shifting cultivators and more (ethnic inhabitants of the area) have constffucted rice
(: nercialI-oriented settlers immigrating into the terraces that extend from the river bottom nearlyfringe areas, as infrastructure is developed. To pro- to the crest of the mountains. Those terraces begintect themselves from this, some shifting cultivators as low as 200 in above sea level and rise continuously,
fill legal claims on their land with the government one after another, to approximately 2000m (Van(Dozier, 1963). Breemen et al., 1970). This forms what frequently 
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is referred to as Staircase to the Sky. Construction 
of these terraces represents a remarkable engineering 
feat that has gone on continuously for more than 
3000 years using essentially simple hand tools, plus 
a superb understanding of hydraulics engineering 
and fluid transport. This has resulted in itunique 
indigenous production complex of which the 
country is justifiably proud. 

The government is promoting the area as a tourist 
attraction. The government has built a road system 
to Banawe, over which commercial activities flow. 
Despite this support, the rice production in the 
terraces remains essentially subsistence. This indi-
cates that imore productive rice technology for this 
area possibly ,ies not exist. The terraces represent 
an area wh(,i, cool temperature affects the growth 
of the rice. RRI, presently. does not have any 
high-vifhliing (ultivars adapted to cool temperature, 
although IRRI maintains varietal screening plots in 
an effort to obtain such a high-yielding cultivar. 

There is irrigation water available year round. 
However, most of the terraces are use(l for a single 
rice crop occupying only ha lfthe year. Recently, 
some parts of the terraced are as have begun houble 
cropping rice. Single crop rice is sown in October 
or November, transplanted in January or February 
and harvested in July, after which the terraces remain 
essentially fallow until the following January. Relat-
ing this to the rainfall pattern, the rice is actually 
grown through the dry season and harvested in the! 
beginning of the wet season. At first review this 
would be reasonahle since the incident radiation 
in the dry season is greater. and rice grown in the 
dry season is more productive. H-owever, the critical 
period in which radiation is highly correlated with 
yield is the period of grain filling or the 45 (lays 
just prior to harvest (De Datta and Zarale, 1970). 
In the Blanawe system these last 45 days occur during 
the early wet season when clouds reduce the avail-
able incident radiation. 

During the remainder of the wet season the paddies 
remain flooded and fallow, though occasional Taro 
(Colocasiaesculenta) is grown, and snail, clam and 
mudfish that live in the terraces are collected (Conk-
lin, 1974). Those who produce a second crop of rice 
transplant it soon after harvest of the first crop anti 
harvest it in ')ecember in time to get the fields ready 
for the main cror. Virtually all the work done in 
the terraces is manual labor without use of either 
draft animal or machine. Most terraces are just too 
small for draft animals or machines. The rice pro-
duced in terraces is either red rice, which has highly 
desirable flavor, or glutinous rice, which is frequent-
ly used for ceremonial wine (Van Breemen el al., 
1970). 

The entire production complex includes more than 
just the terraced rice paddies. On some of the slopes 
that are too steep for terracing or have not yet been 
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terraced, shifting cultivation, as described above, is 
practiced by some of the same families involved 
with terrace cultivation (Conklin, 1974). Also, some 
of the dikes are planted to various crops, and occa
sionally individual small paddies will be planted 
exclusively to upland crops. 

Even with all these extra efforts, the production 
complex is not adequate and rice has to be purchased 
from outside sources. Capital for these purchases 
comes from income from either migrant labor on 
more productive lowland fields, or mai ufact ure of 
souvenirs for the tourist trade heing fostered in the 
area by the government. 

Land tenure on terraces is highly structured with 
the ownership frequently traceild back through gener
at' ns to the relative who first built an individual 
terrace (Conklin. 1971). 

COMMERCIALLY ORIENTED COMPLEXES 
Production complexes with commercial orienta

tion are !hose that utilize significant anmounts of 
inputs and market significant portions of their pro
duction. These are actively involved in a market 
economy although they may produce some subsis
tence crops. They must be sufficiently close to roads 
for convenient transport of goods to market and 
inputs back to the farm. These systems essentially 
have a stable land tenuire. etither with ownership 
by the operator or rent/lease agreements. Current 
land reform efforts are effectively eliminating share
crop tenancy and breaking up large absentee estates. 
These commercially oriented priduction coimplexes 
can be divided between small farms operated by 
individuals or families and large corporate planta
tions operatet by a large force of salaried employees. 
Many of the latter are! owned by international 
corporations or their Philippine subsidiaies. In
cluded in this are Castle & Cook (Dole), Del Monte 
and Standard Fruits. 

Small Farm Systems 

The small farm systems usually involve less than 
10 ha and frequently only 1.5 ha or less. They are 
generally operaled by a single farmer and his family 
with outside labor only during peak operations, suc:h 
as harvesting and threshing of rice. In general, the 
crapping systems on these farms are highly intensive 
and highly diversified. They will inclhde a combina
tion of both cash c:rops and subsistence crops, anti 
frequently utilize such intensive techniques as inter
cropping and/or relay cropping of annuial crops, 
as well as vertical canopy stacking of perennial crops. 
Despite the high intensity, most of these systems 
were developed directly within the local farm com
munities without major outside assistance from gov
ernment or private agencies in the form of research 
or extension activities. In most areas the physical 
environment will support a large variety of potential 
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crops. The actual system finally selected will fre-
quently he a subset of those crops physically feasible 
for which infrastructure support is availahle for 
marketing andIprocessing of products raised. Some 
examples of these small intensive farm systems are 
discussed lelow. 

Cale Batangas IDiversified Upland Rice) 
This is a highly productive village in which the 

IRRI crolpling systems program has been actively 
involved for thw past three years. The(village is part 
of Ihe municipality of Talnauan. 13atangas Province, 
which is approximately 70 km south of Manila. 
Trucks hi weekly use an unpaved road through the 
village to pick up product! for sale in Manila or 
'Tanaman matkets. The village consists of some 400 
iamilies vith an average of six members per family. 
hle average size operalion is 0.9 ha, from which 
many fam ilies have been able to senti their children 
to college. 

The productivityof the villagedepends on a highly 
favorabhie soil. The soil has been tentatively classi-
fied as Andpic Argiudols or Andepic Hapludol, and 
ranked ili he upper one percentile of the world's 
most desirable soils (Frank Moorman. personal corn-
munication). The village is on the back slope of 
one (of the world's largest volcanic cauhlrolls, in 
which a small active volcano remains. The soil is 
thus derived from volcanic ejects, and appears to 
contain a large amount of imorphous material that 
makes for strong stiible aggregation and organic 
mAtter a(,Cumuli ion. This makes the soil well-
drained, and easily tilled even with heavy monsoon 
rains. In addition, nearby "TIiIVolcano replenishes 
the fertility through )erio(lic eruption, such as the 
present one. so that crop responses to ) and K trials 
are not obtained despite heavy cropling. This also 
makes extrapolation of this production complex to 
otler areas inap'propriate, 

The production complex centers around the cul-
tivation of upland rice, which serves as a staple 
subsistence crop. Upland rice is generally a difficult 
crop to grow because of weeds. lhe Cale farmers 
use a deep vertically rooted rice variety (Dagge) and 
take maximum advantage of the high tillage capahil-
ity oif their soil. They have developed cultural prac-
tices that allow a nearly weed-free rice crop without 
the use of herbicides. Cultural practices combine 
mechanical cultivation and a high seeding rate. The 
rice is broadcast yet forced into rows, then cuilt ivated 
both along the rows and diagonally across the rows. 
These operations are repeated about three timcs 
during the first month after planting, after which 
the rice develops a full canopy that shades out 
further weed growth. This technique can not he 
successfully utilized on less well-aggregated soils, 
restricting good upland rice to areas that have soils 
with the structural stability of Oxisols or Andepts. 

The rice is essentially a subsistence home-con
sumed crop. It is grown during the first half of the 
rainy season, requiring approximately 120 (lays to 
reach maturity and occupies most of the cultivatable 
land during this period. Frequently, it is inter
cropped with corn either in rows about 2.5 m apart 
o randomly. In the latter case, the corn is used 
as early fodder for the draft animals. The c)rn-rice 
intercropping has been shown to be one of the most 
productive intercrop combinations at IRRI (Harwood, 
1976). 

After the rice is harvest(ed there is generally a 
one-month delay before additional annual crops are 
planted. These second crops include grain corn, 
green corn, bitter gourd, garlic, cowpeas and mung
beans. Sponge gourd (Lupsa c(lindrica) is often 
relayed (successive planting in a standing crop prior 
to maturity of the latter) into the rice. It is planted 
after the rice has headed. The rice straw is then 
laid down as a mulch. Garlic is also frequently 
mulched with rice straw cut and stacked for this 
purpose. The IRRI effort in the area has shown that 
sorghum with at single ratoon (successive harvests 
from original planting) is well suited for growing 
after rice, hut farmers have been reluctant to grow 
it for lack of market and difficulty in threshing 
without mechanical power threshers. However, 
farmers did grow it in a special project in which 
IRRI and the Bureau of Plant Industry developed 
a suitable market and provided threshers. 

Land not used for rice is also intensively cultivated 
to several cash crops, the most productive of which 
are the trellises which are cultivated almost year 
round.The first crop is sponge gourd. This is planted 
during the dry season and hand watered while it 
climbs the poles onto the trellis. The fruit is ready 
to harvest by July and continues with biweekly 
harvest until October. This is a high value crop and 
great care is taken to protect the fruits from fruit 
flies. rhe protection consists of placing plastic liners 
around each fruit as it emerges. As the sponge gourd 
slowly declines. wingbeans (Psophocarpustetragon
olohus) ascend the poles to replace the sponge gourd. 
These are sold as a green vegetable until the dry 
season begins in January. Even the area tinder the 
trellis will be planted to a variety of shade-tolerant 
crops including taro, ginger, cassava, eggplant and 
occasionally rice. 

Another high value, boom or bust, cash crop 
sequence is egg,. ant, relayed with hyacinth bean 
(Dolichos laulab). The eggplant is grown in the 
beginning of the growing season. When an early 
typhoon devastates the crop in central Luzon the 
farm price of eggplant cian reach as high as US $1.00 
per kg. This happened this year only to have the 
crop destroyed in later stages by volcanic ash. Fre
quently, Cale farmers plant eggplants in highly pro
tected fields so typhoons will pass over without dam
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age to them. When typhoons (1o not occur the price 
can plunge to marginal levels. As the eggplant 
deteriorates, the fields are planted with hyacinth 
beans. This can be grown as a green vegelable almest 
throughout the dry season. The plant is a climbing 
vine which grows up and completely engulfs the 
eggplants. This provides good ground cover to re-
duce weed growth. 

An additional early cash crop is bush sitao, a 
Philippine cross between cowpeas and pole beans. 
It has a bushy plant but pole bean fruit. This crop 
is planted early in the rainy season and marketed 
as a green bean. It is the first crop to be harvested 
and sold. Thus it serves as an early source of capital 
needed to purchase the ;,i;,ts for the other crops. 
Bush sitao will be fol!'wed by either corn, bottle 
gourd (Lagendria siceraria) or pepper. The latter is 
aimed at 7Christma3-New Year market when peppers 
are in high demand. 

The last portion of the Cale production complex 
is cocor.ut. This is a low-management crop frequently 
referred to as a lazy man's crop, but might be more 
accurately classified as a retiree's crop. lhe system 
is that as a couple get older and their obligations 
decline, they will plant coconuts to provide the 
necessary income during their retirement from heavy 
cultivation. These groves are intensively inter-
cropped with annual crops prior to becoming pro-
ductive, and may continue to be subcropped while 
in production. However, yields of substory crops 
decline as the coconut canopy tills in. 

Tagaytay, Cavite (Canopy Stacked lntercropping) 

Slightly to the west of Cale along the same volcanic 
cauldron is the Tagaytay ridge. This area has some-
what more sloping topography than Cale. with a 
slightly wetter climate because the ridge more di-
rectly intercepts the monsoon circulation. It appears 
to have a highly stable soil similar to that found 
in Cale. Access to the area is by mostly paved roads, 
allowing shipping of produce to Manila where coffee 
and pineapple processing facilities are available. 
Farmers use an intensive multiple canopy intercrop-
ping system that is not only agronomically sound 
but aesthetically attractive as well. The system is 
essentially a reconstruction of what would be a 
natural triple canopy rain forest, using economically 
valuable plants. Up to four canopies can be easily 
distinguished in Cavite, although three canopies are 
more common. The upper canopy is almost always 
coconuts. These are spaced wider than for coconut 
monoculture. The second canopy frequently is either 
papaya or bananas, and the lower canopy can have 
cash crops of coffee, pineapple or annual subsistence 
crops such as rice, cassava, taro, beans and sweet 
potatoes. The open lands of Cavite are used for a 

variety of both subsistence and cash annmal crops. 
These include upland rice, corn, intercropping of 
rice and corn, cassava, taro and pineapple with some 
intercropping of the latter two. In addition, some 
areas are devoted to African daisies. They are in 
high demand on November 1, All Saint's Day, when 
most Filipinos pay hornage to their deceased ances
tors. 

Agusan del Sur Resettlement Area (Another 
Canopy Stack) 

This is an area of rugged low-elevation hills, 
arising abruptly from a river plain. The area has 
highly eroded, acidic soils, frequently with none 
or very little topsoil. The plains are rapidly being 
developed into paddy rice areas. Hlill portions are 
involved in inixed tree crops that are beginning to 
evolve into a inore orderly canopy stacking intercrop 
of tree crops. In this case, the upper canopy is rubler, 
th2 second canopy abaca or coffee, an( the bottom 
is used for subsistence crops inclh(ling cassava, 
ginger and sweet potatoes. This is ecologically a 
highly diesiril he system for the area, since the p-r
manent treecropslprovide acontinuouslyfull canepy 
that covers the land andi protects it from additional 
erosion. 

The abaca has been an established crop for some 
time and has a market struc:ture. The abaca is used 
for Manila hemp, a valuable cordage that is almost 
an exclusively Philippine prodloct. The mat -et 
structure for rubber, which is just reaching tapping 
age, has not developed as yet, athough the Mindanao 
Agricultural Resettlement Agency (MARA) is plan
ning a processing plant for the area. MARA is a 
church-related pr.vate development organization 
that encouraged !he planting of rubber and has 
provide(] techni'al support for establishing it with 
the idea of building the processing 'plant. Firestone 
has a plant near Davao approximately 200 km south 
of the area. Those who have begun to tap the rubber 
are coagulating it with acetic acid in coconut shells. 
The resulting product brings a discouragingly low 
price-only about US$0.15 per kilo. The use of two 
or more cash crops such as rubber, abaca and/or 
coffee can stabilize income on small farms. The 
farmer can absorb some fluctuation in price or yield 
in one or two of the commodities he is involved 
with. 

Open portions of the hill area are used for quasi
shifting cultivation form of rice prodluction. The rice 
is dibbled with a stick in unplowed fields, even 
though the rice paddies adjacent to the field are 
prepared by draft animal and steel plows. In this 
case the dibbling appears to be more a method of 
soil erosion control than due to lack of plowing 
resources. 
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Pangantucan Resettlement Area, Bukidnon of corn, upland rice, sweet potato, etc. The land and(Corn/Upland Rice) climate can most likely support a large range of.his is im area comprised largely of well- other crops, but as long as sugarcane has the marketweathered red soils that have plenty of free, Fe~O, ing structure, regardless of how unstable the market,but fall short of being Oxisols (Frank Moorman, other crops appear to have little chance for developpersonal conmuniation). The soils are well aggre- ment.
gated with tillage characteristics similar to those
of Cale and Cavite discussed previously. They are 
 San Joaquin, Iloilo (Diversified Terrace-Upland)
nore acidic and less fertile than Cale or Cavite soilswith a possibility for having strong 1) adsorption.

The 
At the other end of Panay Island from Capiz, neararea contains some irrigale(I plains, which the borderof Iloiloand Antique Provinces, is a highlyare in p(Idy rice. However, the hill areas are mostly diversified production complex. An examplein corn is theand upland rice, frequently intercropped. farm of CresenciG Servano (RoseThe cultuiral Ichiiques for rice are siinilar to those 

and Cresencio
Servano, personal communication). The farm hasof Cale, with no dibbling as in the Agusan area. been in the family for several generations, althoughThese two graiin crops receive governinent support Cresencio's father (Apolonio Servano) is largelypricing when marketed through the National Grains responsible for developingAuthority. Coffee is beginning the farm to its presentto be grown in the size of approximatelyhigher port ion 18 ha. This is a little largerof the area. Initial plantings are than most smi.l farms, and some of the land is rentedheavily in tercropped wilh subsistence crops, but this by relatives. Apolonio was able to assist all his eightevvent ally t4ives way to inonocuItlire as the coffee children to obtain college education even thoughmatures and becomes productive. No shade is pro- he could not read or write.vided for the coffee. 

Conspicuously 
I'he farm is dividcd into four cropping systems.absent from the cropping system The first is terraced paddy rice. This includes severalare Ihe n rnomal legumes such as mu ngbeans and ba which have been terraced over a periodI of severalcowea found in most of the country. This may generalions to form level stable rice paddies. Thesehe a result of iolylilenunti 1navailaltilitv due to are used for the principal crop of rice that is directlyacidic soil condition. This would reduce the nodula- consuimed by the family as a vhole including thosetion anI iitrogen-fixing polenlial, so iadel,mtageous no longer living on the farm. The second is thewith legumes. Those few vild and cultivated Ie- uplad crop an(t coconut area. This area ha:; unlevel

gJllies found by the writer in the area did not have terraces that were formed by letting soils erodeloot nodules. against a coconut hedgerow. These areas a'e used"l'he iea would ipl)ear to have a higher production for annual crops under the coconuts, including corn,potential than presently demonstrated. Banana and peanuts, cassava, sweet potatoes and occasionallysugar are grown under sinilar conditions. Del Monte dry rice. These t:rops are also generally consumedmainta ins a large pineapple pantation not far away although the corn is frequently fed to pigs an(dwith similar soil and climatic conditions. However chickens which are then sold. The third system issugar mills and pineaplle processing facilities are mixed fruit orchards, including a variety of tropicalnot presently availale. fruits, mostly for home consumption, although
pluses would 

sur
be sold. These inclutde coffee, cacao,

Capiz Resettlement Area (Sugar Paddy Rice) calamansiguava, avocado, starapple (Chrvsophylmjtn caimito)(Citrus mitsi) etc. The final croppingThe Capiz area is a rolling hill sect ion iof the island 
of Panay in tOw Visa yas, in 

system is coconut and bamboo. These are essentiallywhich sugarcane is very low managenent crops,combined with palvd but are the biggestrice. The paddy rice, appeared capital earner: the proceeds provide the inputsoriginally in the (Irainage ways forbut is expanding other crops grown for consumption. The coconutacross the valley floors as new pi(lties are construct- is used for seedlings, copra, cider (locally calleded. The hill areas near the roads are almost exclu- tuba) and vinegar. The bamboo is sold largely forsively in sugarcane which is marketed through the construction of anything from houses toPhilippine Sugar Central in a fish traps.neighboring town.
Howvever, sugarcane is 

In the past, the Servanos raised sugarcane, buta large bulky crop requiring discontinued it when the mills in Antique closedan extensive transport system from field to inill, as more modern mills were established in Iloilo.Thus it can only be grown on a relatively narrow They recently obtainedfringe beside main a aoan to grow sorghum.roads and feeder roads coining They were able to successfully growinto them. As one goes away it, but hadfrom this supporting lifficulty threshing and couldn't sell it. Finally, theyinfrastructure road system he will note that the were forced to feed it to their pigs and market thecropping rapidly changes to strict subsistence crops pork. 
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CROPPRODUCTION IN THE PHILIPPINES
 

Baguio (Temperature Horticulture) 

One of the largest and most important of the hill 
produ'ion1 complexes isthe vegetable and ct flow-

• laguio in northern Luzon.ers system just north of 
The elevation is sufficient to have the cool tempera-

ture needed to grow temperate vegtaliles. The area 

is within a day's drive of Manila, where most of 

the vegetables are mark,t ed. The crops are grown 

on narrow terraces that cover entire mountainsides. 
The area is well known for its strawberries, potatoes, 

calhbage, beans. cauliflower, carrots etc. Also, they 

grow many cut flowers including roses and everlast-

ing flowers.The latter ar essentially dried marigolds 
strung together. 

PLANTATION PRODUCTION COMPLEXES 

The plantation production complexes are those 

in which lirge tracts of land are cropped to a single 

,:ommodity under one manamgement unit. Frequently, 
these ireas are owned h' such international gianis 
as Castle & Cook, prod ucers of Dole produacts, Del 
Monte and Standard Fruits Corporation or their 
Philippine Subsidiaries. Crops produ(ced on these 
plantttions are Irequently exported and are a prime 
source of foreign exchange for the Philippines. Most 
of the plmtations are under private control or highly 
autonomous government hoards.They usually have 
their own research and extension operations, as well 
as processing anid marketing facilities. These pro-
duction complexes can be conveniently reviewed 
by commodity. 

Coconut Copra. This is governed by the Philip-
pine Coconut Authority which operates a series of 
research stat ions in the major coconut-growing areas, 
The largest area is in mountatinous Quezon Province 
on the eastern edge of Luzon: other areas include 
various parts of Mindanao. In Quezon the coconut 
plantations extend over entire mountainsides. The 
coconuts are frequently collected and transported 
to the road by small horses with baskets mounted 
on their sides. Once at the road the coconuts are 
husked, opened and dried into copra from which 
oil is pressed. The husks are frequently made into 
charcoal or used to fuel dryers in (Irying thi! copra. 
The industry as a whole is Philippine-owned with 
sufficient output to make the Philippines the major 
exporter of coconut oil, 62% of the worl(l's output 
in 1967 (Woodroof, 1970). Many of the cocoiult 
groves will be subcropped with shade tolerint pc-
rennial fruit crops such as bananas, coffee andt 
lanzones (Lansium dom'esticurn) in southern Luzon, 
or abara in Mindanao. These intercroppings are 
accomplished without re(lucing the coconut stanids 
as happened in the Cavite intercropping system. 

sugar producers. The actual growing of sugarcane 

is strictly in the private sector, including the research 
and development. The overseas marketing is done 

through the government-owned Philippine NationalBank. 
The Visav 

as are principal sugar-producing areas. 
in Tarlac, central Luzon,Additional major area.; are 

with some opeiations just beginning in Mindanao. 

Sugarcane is essentially a one-year crop harvested 

during the dry season from Octoher to April. Fre
after the originalquently, two ratoons are grown 

ascrop is harv,!sted. In general, sugarcane is not 

productive as it could be, largely due to an made
quate delivery system in which cane-laden trucks 
frequently have to wait several days at the mill before 
unloading. During such periods the cane ferments 

and the sucrose content rapidly decreases, resulting 

in more molasses and less sugar per !on if canre. 

BananM. The ma jor export hanana plantations 
are in Mindanao. Mindanao is south of the typhoon 
area, thus the prospects of high winds destroying 
a heavy fruited crop are slight. Most of this produc
tion is under control of international companies 
which ship bananas directly from the plantations 
to Japan. These companies employ their own re
search personnel to develop and improve technolo
gy. 

Pineapple. Like ha na nia, pi nealpple lpla nt at ions are 
located on Mindanao and are largely controlled Iy 
international companies. The largest is Del Monte. 
located on the flat remains of a dissected peneplain 
spread over several ki. The landscalpe and soilIs 
are similar to those Del Monte uses inll awaii. Again. 
as with bananas, the coimpanies provide all their 
own support personnel for pr(Iuoction, pro,:ess.ng 
and marketing. Most pineapple is soldi as canned 
fruit and juice. 
PasturexBeef Production. Although the Philip

pines have large areas that would make goodI paslure 
land, the pasture/beef industry remains small ant( 
of only minor importance. The consumplion of beef 
ranks fourth as a source of animal protein, well 
behind fish and pork and (lose to poultry. Most 
of the! pasture lands appear to 1e cow-calf operations 
as much to supply draft animals as beef. tHeifers 
generally are fattened for beef, while bulls are used 
for draft. Such grazing cnomplexes as there are, are 
concentrated in Tarlac and Nueva Eci ja, provi:nces 
of central Luzon, plus parts of Minlanao and Ihe 
islands if Palawan and Mashate. The pastures in 
Nueva Ecija frequently utilize the natural (egraded 
grasslands resulting from excessive shifting cultiva
tion and erosion until hare rocks are observed ol 
the hilltops. In Mindanao, cattle frequently are 

Sugarcane. The sugarcane industry is regulated grazed onder cocionuts. Generally, only natu:'al 
by the Philippine Sugar Institute (PIILSUGIN), a grasses are grazed-improvements could increase 
government (ooperative serving large and small the carrying capacity. The marketing structure 
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appears well developed with most animals from REFERENCES 
southern islandls moving into Luzon through Batan- Conklin, H. C.1974. Ethnographic research in Ifugao. In Aerial 
gas Province. !here they are fattened prior to being photography in anthropological field research, ed. F. Z. Vogt.
marketed in Manila. Despile the potential to produce Cambridge, Mass.: Harvard Univ. Press. 
beef within the country, beef is regularly imoorted De Datla, S. K.and Zarate, P. M. 1970. Biometeorological problems
from Australia. in develping countries: environmental conditions affecting 

the growth characteristics, nitrogen responses and grain yield 
of tropical rices. Biometeorology 4(1):71-89!1. 

Forest Reserves Dozier, E.P. 1Otiti. Agricullure, property, twncrship and inheri
[ance. InMountain arbiters in the cthangitg lif of at Philippine 

The forest reserves are government lands managed hill people. Tucson, Ariz.: Univ. Arizona Press. 
IHarwood, R<R. 1976. The application ot science and technologyby the Department of Natural Resources. They com- to long-range solution; Multiple :ropping potentials. In Nutri

prise approximately 40 million ha throughout the tion and agriculturl detclopennt, esl,. N. S.Scrimshaw and 
Republic with pines and hardwoods, including eigh' M. Behar. New York: Plenum Publication Corp. 
spe cie(s of Philippine mahogany.The forest rcserves Nance, I. 1975, The genth "asadly. New York: Htarcourt Brace 
serve its it major soiurce of foreign exchange from Jovanovich. 
the sale of logs, finished lumtber and wood by- Oracion, T. S. 1963. Kaingin agri( ulture amon., the Bukidnons 
produ:ts. A large portion of these goes to Japan. of Stouthern Negros, tPhilippines. 1. Tropical Geography 17:213-
Cutting of the reserves is largely by private contrac- 24. 
tors. After cutting, mtlch of the area is reforested Van lireemen, N., (Jldman, L. R., Plantinga, W. I., and Wicle
by natural suc:ession, although conltrolle(d refores- maker, W. G.;19170. The lfugao rice terraces. Misc. Paper.Wageningen.in some areas. The total forest aeigntati,)n is p~rac~ticed€ Wallace, B. 1. 1970. Swidden and plow farming. In Hill and 
reserves dwindlde each year due to encroachment valley farmers-social economic changes among Philippine
of shifting cutivators anti poor management on the people. Cambridge, Mass.: Schenkman Publication Co., Inc. 
part of son(: cmt ra ctors (Re ynaldo de la Cruz, Woodroof, J. G. 1970 Coconuts production, processing,products. 
)(:rs)runI coinmunicalion). Westport. Conn.: Ari. Puthlication Co., In. 
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New Systems of Hill Farming in Scotland
 
J. B. McCreath 
West of Scotland Agricultural College, Paisley, Scotland 

'l'h flttern of hill farming today, its in any other THE PHYSICAL CONSTRAINTS AND THEIR 
major branch tf agriculture, is the result of successive ECONOMIC CONSEQUENCES 
generat ions responling to econolic realities within 
thev physical constraints of soil and climate. In hill The combination of poor, shallow and often highly
:ountltry lhlt degree all(] rate of change in response acidic soils at high altitudes and under a regime
to fluctuating economi;c conlditions is very much of relatively high rainfall has tneant a vegetational
miore limited t)ythe rigidily of the physical frame- :over of low nutritive value and, consequently, of
work than in lowland agriculture. Nevertheless, a low stock-carrying capiacity. This complex of plant
changes ar taking plate slowly over time arid a comnmnities on the hill is termed rough grazings".ievw sy'sten in livestock farming is not a (hestina- and is akin to the American term, range. On Scottish 
lion but it staging post along the trail. Nor, unforlu- hill farms more than 90% of the land is under rough
nately, is it always a case of ever forward progress grazings. Only the hardy breeds of hill sheep can 
as tracts tif abandon(( land around the world testify. come through the winter on the hill and in-lamb 
Any new method of malnagement is meaningful only without hand feeding except in times of heavy
when viewed against the background of the present snowfall. On farms with adequate natural shelter,
system which, for the majority of Scottish hill beef cows are successfully outwintered on the hill,
farmers, is traditional. hut the limiting factor, for both outwintered and 
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inwintered herds, is home-grown feed. In hill 
country the extremely scarce but valuable cropping 
or in-bye land is confined to the better soils along 
the valley floor and on the lower slopes where 
cultivation is possib!e. This topographical feature 
is a severe constraint on the halance of enterprises 
and on the stage of selling of lambs. Such a small 
proportion, nationally 2., of improved land on 

which to grow winter food for cattle and or folding 
crops for fattening lambs means that the main enter-
prises must he sheep and the bulk of the lamb crop 
must he sold in store condition. Although this 
environmentally enforced specialization has its 
benefits, mainly on the technical side, it has the 
accompanying economic disadvantages, serious in 
times of low profitability in sheep, of laik of diver-
sity, severely restricted access to the guaranteed 
end-product market and a marked seasonality (of 
production pattern leading to an irregular cash flow. 

The contrast btween hill aid tpIar(d farmiiieg in 
Scotland is shown in Table 1. The upper part of 
the table illustrates the relative importance of the.'e 
two distinct sectors in terms of land usv. Iill farms, 
although relativev few in number. occupy over 
three-fifths of the Scottish grazings and ire the main 

is thereservoir of sheep, whereas the upland sector 
heartland (f the national beef herd. The lower part 
(hemonstratvs the dominarice of' physical factors ill 
the determination of the basic structure. The (if-
ference between the two types of farming is one 
of environmental degree. 

The seasonal management is also governed to a 
large degree by environment. In the traditional sys-
tem the ewes aie set-stocked on the hill all the year 
round with the size of the flock being determined 

by the winter-carrying capacity. This leads to con
siderable under-grazing of the hill in summer with 
all the concomitant penalties that flow from such 
a grazing regime. For centuries fluckmasters had 
no alternative for they knew from experience the 
dangers of exceeding the numbers of ewes that a 
hill could safely overwinter albeit at a tolerable 
minimum level of nutrition. The fluctuating volume 

of output from year to year (fiue to seasonal factors 
is another well-known characteristic of hill farming. 
Seasonal effects are most clearly seen in the level 
of the lamb crop as conventionally measured by the 
lamb marking percentage in June. lhe results over 
20 years from a largely identical samnple of some 
30 hill farms in the Highlancl region of the West 
College Province are given in Figure 1. 

The decade of the sixties was poor with only the 
lamb crop of 1961 exceeding the 20-year mean of 
75%,. 'he improvement in the present decade is 
significant. Never before ha xe the sample averages 
been over 80 for four consecutive years. (The 
provisional result for 1975 is 80%.) This encouraging 
trend vould appear to he (fIn to managerial changes 
which are discussed later. 

THE CHANGING ROLE OF CATTLE 

In (:ontrast to upland farms with their much higher 
piporrtion of arable land, hill farms must depend 
on sheep as the basic enterprise . Nevertheless, cattle 
have an important subsidia ry part to ply both on 
technical and economic grounds. Not only has there 
been a dramatic increase in numbers but a change 
in managerial attitude. In the early post-war years 
thew was i tendency to regarl the few cows there 
were as "mowing machines" to improve the grazing 

TABLE 1. Basic structure of hill and upland farms in Scotland (as of June 1973)" 

No. of Rough Grazings Breeding Ewes Beef Cows
 

Farm Type Farms' %' (thousand hat ' thousands Ihousands
 

Hill 1:307 6.3 2 167 01 1 128 41.1 42 9.3 

Upland 4158 20.2 1 040 29 M6i3 32.4 202 44.9 

Combined 5465 26.5 3 207 90 2021 73.4 244 54.2 

Crops a id grass (ha) 
Rough grazings (hal 
Total area (haIt 
No. of ewes 
No. of cows 

Average size and stocking rates at national level 
liill Farm 

38 
1 658 
I (96 

1163 
32 

Rough grazing per ewe (ha) 1.9 

No. of ew'.. fir cow 26.1 


Upland Farnm 
72 

250
 
:122
 
215
 

41)
 
1.2 
4.4 

'The table is based on ie! 16r0 classification of the Department of Agriculture and Fisheries for SctIanl.
 

"Figures relate to full-time farming units only; crofts and other part-time units are exchhe'l as are common grazings.
 
"Percentages relate to full-lime Scottish totals.
 
Source: "Reclamation," Environment and Man, Vol. IV, eds. 1. Lenihan and W. W. Fletcher. Glasgow: [Mackie and Suns, 1976.
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90 Until 1969 there was very little improvement in
Margins which in fact were equal to the subsidy 
support. The difference in average Margin betweenM85 .. ... ... 
 . the early fifties and 1969 was ,20 per cow 	of which 
E'18 was increased Subsidy. In sharp contrast, the80 equivalent figures for 1969 and 1972 were £,42 andSE..£3, 


.- respectively; a much healthier position! Thestrong upward trend culminated in 1973 with the
" 75 best season on record. Then came the beef crisis 

7. 	
of 1974 which led to one of the worst years for 
the producer of weaned calves since the war. There70 	 nouewas a tendency for some hill farmers to carry more 
cows than their limited in-bye land could support65 in terms of winter fodder. As long as calf prices

'55 '60 '65 '70 '74 wereYears rising faster than 	feed costs the position wastenable, but in 1974 when prices plunged and costs 
Figure 1. Average lamb crop levels on west highland hill accelerated, the financial consequences of the .infarms, 1955-74. (Source: The West of Scotland Agricultural derlying imbalance of cattle numbers and fodderCollege, Economics Division.) 	 resources were revealed. The "fodder crisis" of 

1974/75 was common to most areas of upland Britain.and to supply milk for the farmhouse. Increasingly ifill farms in remote areas with their consequentover the years hill cattle have come to be regarded haulage penalty were hardest hit. Herds which were as an enterprise in their own right. I ill farmers have wholly dependent on purchased feed had negativeacquired a managerial expertise with cattle which or at best very low Margins. (The estimate for 1974was limile(f to a few a generation ago. in the table was based on the 1972 sample whereThe basic financial results of eight studies of most of the fodder was home grown.) In 1975, costssingle-suckling hill herds iii the Wst of Scotland continued to 	 rise but at a slower rate and the calf are summarized in Table 2. As the earlier studies subsidy was reduced by £10 per head, but even withpre-dah tdhe Gross Margin techniique, the later years' the strong recovery in calf prices, the estimated
results have been converted to the same basis, i.e., average Margin lay closer to the 1969 than to the
all home-grown fodder (hay or silage) includes both 1971 level.
variabc and fixed costs. Margin is thus always lower The extreme swings in the average price of weanedthan (;ross Margin. e!.g.. in 1969 by 17 per ton for calves in the past three seasons illustrate the volatilievery ton of home-grown hay fed and in 1974 with ty of the beef situation nationally. They also indicate
the inflationary rise in costs, by C15 per toin fed. the difficulties, bordering on futility, of forecastingEach year all herds were eligible for the [ill Cattle the future price of animals in store condition, duringandi Calf subsidies, this time of transition towards full integration within

Despile the differing com posit ions of the samples, the European Economic Community.
the broad trend is useful in so far as it gives a sense With the high cost of hay, C40+ per MT excludingof perspective abl(,ut the near past. which is neessary haulage. the present tendency is to reduce the herdfor sound judgment in the presntll. to a size more in line with home-grown feed re

sources. In the west of Scotland some hill farmersTABLE 2. Trend in average margin per cow made the reduction in 1974.,75 without any fall in 
gross margin by retaining the best of their draft ewes 

19151-53' 1960 19611i9tt1971 1972 1974" for crossing with a Border Leicester ram. At a ratio 
of five ewes kept for each cow culled, the gross 

(i:) margin frm sheep in 1975 generally exceeded the
(Ouutit :t1 36 41) 04 fil 114 10 gross margin forotgne on cattle. The main benefit,
Less feral 13 101
17 26 .12 33 112 howcver, was the release of capital, the essential(VI't. Mlv. lubricant for any move towards a new system of41c. I 1 1 2 3 :1 6 management. The sale of 20 cows could unlock someMargnia 1li I 20 :io 54 71 12 P3,500 which, at current costs and net of 50'%subsidyof which would finaree :1kin of fencing and 20 ha of regener-
Stbsidy 
 ated hill land.
c:Oalirisvs Il 1i 20 :1 ,33 34 45 Excluding 1974, Ihe keeping of a herd of suckler 
"Average of the three seaisons. cows was a prudlent economic exercise over the years"Estimtate. 
 on most hill farms, particularly the smaller units.Source: W.S.A.C, Economics Division. Any new system of managing hill flocks must make 
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provision for hill cattle, the only other feasible 
enterprise, 

EXTERNAL ECONOMIC FACTORS 
Hill farmiers are perforce "price takers" an(l conse-

quently their incones are largely determined by 
decisions and events far removed from the hillside, 
Both the hill and lowland sectors are affected by 
national policy decisions and ;hanges in emphasis 
from commodity to conlniodity are reflected, sorne-
times sharply, hiack to the primary pr,,oducer in the 
hill country. To a greater degree tlhain the rest of 
the United Kingdom, Scotland still has i distinctly 
stratified sheep breeding induLstry and significant 
change, e.g., atshift out of sheep into barley or beef, 
has an effect on the whole bre eding chain. ilowever. 
for the majority of hill fairmers outwith the Southern 
Uplands, particularly those in the less produc(tive 
areas with limb crops averaging around 70";U, which 
means, after allowing for flock replacement, only 
5 ewe lamhs aind 35 wedder lambs to sell per 100 
ewes mated, the trade in ewe larubs or ewe hogs 
to upland farmns is of little conseqeice. On the 
female side, the pri(:e obtained for the a1nnual draft 
of Cast (CIled) ewes (18 100 ma1td) is of much nmore 
moment. The demand for wedder lamobs is the most 
important single factor-subsidy support aipart-
influencing the hill farrmer's financial year. The 
physical impossibility of regulating supply when 
demand is weak leads to fluctuations in price at 
auction both within aind between seasons. On oc(:a-
sion inter-seasonal swings can be violent and none 
more so than in the imnedi,fte past. 

The data in Table 3 relate to major sales at the 
main atiction c:enters through which, in less than 

three months in autumrrn, flows a river of store 
livestock destined for fattening on the lowlands of 
Scotland and England. At some indvidlual markets, 
particularly in the rernoter and harder hill areas, 

TABLE 3. National average prices at auction,
 
1972-75
 

(£ per head) 


Wedder 'r, WeanedWarrantfd 1 
Season Lambs Change Ewes' Change C,dves Change 

1972 6.45 6.67 86m 
+38 +58 +19 

1973 8.90 10.53 102 
-28 -43 - 33 

1974 6.43 6.01 611 
+31 +42 + 68 

1975 8.40 8.55 114 

'Ewes warranted fit for further breeding, usually 5-6 years 
of age ancl sold principally to lowland farmers. 

Source: Department of Agriculture and Fisheries for Scotland. 

the swings were more severe, especially the down
turn of 1974. As expected, the annual variations 
were much stronger for breeding ewes than for 
wedder lambs. Despite a strong recovery in 1975, 
the average Blackface wedder lamb price was still 
50p below that of 1973; the pure Blackface ewe, 
practically E2. 

The pattern for weaned calves was similar, but 
the resurgence in prices in 1975 carried the national 
average above the 1973 level. The ground lost in 
the beef crisis of 1974 was regained in all but three 
narkes situtiated in the north and vest of the country. 

THE FINANCIAL OUTCOME 
The combined effect of a fluc:tuating volume of 

physical output due to endogenous factors and 
seasonal price swings due to exogenous factors 
originating in lowlanrd,agric:ulture has led, in a period 
of ever mounting costs. to considerahle instability 
in profit margins despite an increasing amrrount of 
subsidy support. As has been so rightly said (Whithy, 
1970) er:onomists tend to Fput more emphasis on the 
ends--efficiency: farmers on the nans-stabilily. 
The objective of government support to agri:rrlture 
generally is to provide a measure of stability to 
farmers' returns, but, for reiasons alrearly rillined, 
hill (and upland) farming requires a different type 
of support. In Figure 2 the1 combined sitlrshlies are 
the Hill Sheep Subsidy, the Hbill Cattle Subsidy and 
the Calf Subsidy, all paid annually on a headage 
basis. 

15 Revenue 
aevenueExcudigSubsidies 

...... Exienditume 

E 
to 

2- ' '6,s 

Figure 2. Trend in average expenditure, revenue and cash 
balance on an identical sample of west highland hill farms, 
1951-74. (Source: The West of Scotland Agricultural College, 
Economics Division). 

The long-term trend shown in ti graph relates 
to a small but identical sample of hill farms in the 
WestlHighlands; in fact, a sub-sample of ten of those 
used for Figure 1. The accounts form part of the 

UK Price Review sample for which lhe agreed basis 
of valuation is conservative market value. As values 
of breeding livestock are inexorably linked to prog
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eny prices in the market place, the inflationary
rise in prices in seasons '71, '72 and '73 meant that 
a considerable proportion of net income was due 
to enhanced valuations. To use net income under 
these circumstances could be misleading as to the 
amount of cash available to meet private living 
expenses, income ',ix,and savings for future invest-
ment. Using the revenue and expenditure method 
overcomes this problem. Also, the balance of revenue 
over expen(liture is .30 predhominantly in cash form 
that fojr trend purposes, it could be regarded as the 
cash balance. Expenditure of a capital nature is not 
included, only depreciation thereon. 
Back ii *1951 the average size of the ten farms 

was 15H5 hectares carrying some 1 150 Blackface 
ewes and 14 beef cows. The in-bye land accounted 
for only 24 ha of which 3 were under oats. I'h(, 
cereal acreage gradually declined and by 1970 not 
one of the farms grew oats. This trend was typical 
of many hill farms in Ihe wetler west. Despite an 
average retl oction (iflt)% in farm size, the ewe 
numbers in 1974 averaged I 190. a marginal but 
encouraging im)rovinment in average stock-carrying 
capacity from 1.4 to 1.2 ha per ewe. Between 1951 
and 1973 the number of cows doubled, 

As the dIifference between regions is one of degree, 
Figure 2 mirrors the financial fortunes of hill farming 
over almost a quarter of a century. A recent review 
(McCreath, 1976) of the total Scottish sainph:e of some 
80 hill farm accounts showed the same broad picture 
of profi tability. When expressei in real terms, using 
the Retail Price Index of 1952 as a base, it was found 
that not until 1971 was there a better year than 1957 
in terms of purchasing power: a case of 14 lean 
years! 
The graph falls into three distinct phases. In the 

more profitalble and stable decade of the fifties the 
amount of subsidy revenue was relalively small 
(decade mean, 6% t)f total revenue) and predomi-
nantly lerived from cattle; the Hill Sheep Subsidy 
was only paid as ani"incone stabilizer' on three 
occasions andI the highest rate va s r,0.25 per ewe. 
In contrast, thelpicture in till!following decadv was 
one of lower cash balances and general instability 
despite a much higher level of subsidy support 
(23%). "The nadii was reached in 1966 wheln the 
average balance was o(, t£300. In the last six e'ears 
of the decade reven vexclutding sulvsi!v failed to 
cover expenditure. T.,, first hallt tfth present 
decade was dominated by I%%; new fctors. The 
extremely high riltof inflati I dle h) the weak 
state of the IUK economy is clearly reflected. In the 
20 years to 1970 expenditure-rising very steadi-
ly-doubled, whereas, inrthe next four years it aImost 
redou hd. The other factor, lriIa in's eventual if 
somewhaI hesitant entry into the European Economic 
Community played a part inrthe inflation of produoct 
prices. 


McCREATH 

Prior to 1974 the scene seemed set for a period
of expansion in profitability of a scale which would 
allow the average farmer some chance of investing 
in land improvement on a larger scale than hitherto. 
Then ;ame the collapse of store lamb and store cattle 
prices in the autumn of 1974 which did serious 
damage to the confidence which had been slowly 
returning within the industry. As a consequence, 
the government announced additional aid to meet 
the undoubted cash crisi facinp hill and upland 
farmers: two [Hill Cattle Subsidie. were paid in the 
one year and the Hill Sheep Subsidy was increased 
by 1.25 to E3.00 per ewe; hence, the highest level 
of subsidy revenue recorded in the period under 
review. For this sample the estimated cash balance 
for 1975 was in the region of E5,000 and the general 
expectation, )ased on the high prices ruling at 
present, is that this autumn's sales will show a further 
marked improvement. Certainly, the enactment of 
the Less-Favored Areas Directive throughout the EEC 
as from January, 1976, has removed a long felt anxiety 
viz the future of subsidies based on headage pay
ments. Over the years 1970-74 the average cash 
balance for this sample in the less productive hill 
counlry of the West College province was C3.,160 
per year. After meeting private drawings and income 
tax provisions, it is clear that the scope for accumu
lating sufficient capital from within the average 
business to embark upon a strategic shift in flock 
management is fairly limited. The key to any new 
system is fencing and, unfortunately, unlike hill 
farms in the Southern Uplands, those in the High
lands generally are not ring fenced. To erect a march 
fence around some 1400 ha in difficult terrain at 
C500 per km is a daunting prospect, financially as 
well as physically! 

RECENT TACTICAL IMPROVEMENTS 
The foregoing has dealt with the average position, 

but there have been considerable and impressive 
tactical improvernents on many individual farms 
over the years. Apart from the relative increase in 
thei importance of cattle, two merit special mention 
in the present context for they represent a movement 
towards the next stage of development-the two
sward system. 

It is impossible from published statistics to quan-
Iify the extent of land improvement and fencing 
on the Scottish hills. In Argyll, a county with some 
600000 hectares (f rough grazings and with the 
largest hill ewe population inScotland, some 25000 
ha were improved during the late fifties and early 
sixties, generally in the form of mosaic: regeneration. 
For Ile remainder of the decade there was little 
activity in land improvement (MacLeod, 1972). li 
the seventies there has been a trend towards the 
creation of -service areas" by enclosing improved 
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blocks for use at mating and lambing time. With 
the decline in the number of shepherds this innova-
tion offers considerable logistic and technical ad-
vantages over the traditional system where a shep-
herd spent a considerable part of his time simply 
getting round the hill. The combined effect of these 
two improvements, it is suggested, largely accounts 
for the significant increase in the average lamb 
marking percentages in the 1970s shown in Figure 
1. 

THE TWO-SWARD SYSTEM 
As severaI papers are devoted to the technical 

and the economic aspects of this new system, the 
following is restricted to the broader issues of the 
technique. It represents the coordination of the 
results of research iro the fundamental aspects of 
hill sheep productior stretching back to the early 
years of the Hill Farming Research Organization 
(H.F.R.O.). Such a biological analysis is a necessary 
prerequisite if a viable alternative to the traditional 
system is to be developed and assimilated, whether 
it be the two-sward or some other. 

Apart from a number of pioneering hill farmers, 
the Cevelopment of the two-F'xar(i system to date 
has been confined-naturally since the technique 
is so new-to what might be tlescribed as the "public 
sector":-H.F.R.O.. the three Scottish Colleges of 
Agriculture anti the Ministry of Agriculture's experi-
mental husbandry farms in the north of England 
and in Wales. Consequently, there is little or no 
published economic data from commercially run hill 
farms. In order to throw further light on the technical 
and economic aspects, the Colleges, in consultation 
with H.F.R.O., are currently cooperating with nine 
hill farmers whose farms cover a wide spectrum 
of environmental conditions. This being only the 
second year of the project, one must turn to the 
public sector for key pointers and broad principles. 

On the technical side, the results from all centers 
are impressive both in terms of increased stock-
carrying-capacity and increased productivity per 
ewe. Two of the major constraints on increased 
volume of production under the traditional system 
have been significantly eased. The efficiency of the 
hill resource has been enhanced but the problem 
of the very limited amount of in-bye land remains 
and decisions on priorities as between growing green 
crops for fattening lambs and winter feed for cows 
could become more critical. Quite apart from the 
loss of the benefits of dual grazing, it would not 

seem prudent in the long term for the hill farming 
industry to become solely dependent on sheep. 

For the industry as a whole, the picture will remain 
predominantly one of store production and conse-
quent "price taking." At the individual farm level, 
however, there is a wide variation in the acreage 
(in absolute terms) and quality of in-bye land. For 

the larger unit on more fertile soil and, topography 
permitting, with scope for some extension of the 
lowground area, the integration of the two-swvard 
system with a lamb-fattening enterprise has much 
to offer in terms of flexibility of management and 
marketing. The results from Redesdale LXlperirmental 
1lushandry Farm in Northumberland illustrate Ihe 
economic potential of this union. Assuming that a 
significant number of farmers in any one (district 
successfully adopted tie system, one woul hope 
that the extra volume of sheep produced would 
largely hypass the store auction system. 

The economic results to date are encouraging, but 
two points should be noted. First, the projects were 
initiated and ti heavy capital items of fencing and 
land improvement well established prior to tile 
inflationary rise in costs and the title of product 
prices was rising strongly for three years prior to 
the ebh of 1974. If the system had proved to he 
uneconomic under that cost price relationship, what 
hope would there be hLi a project started in 1974? 
Second, tbe technique is new and more theiiiling 
in manageril expertise, particularly oin aspects of 
grazing control. The scientific back-up availalle at 
these centers must have some eftect-one suslects 
quite considerable-on thel level of results achieved. 

It would be imprudent to forecast, at this early 
stage and from so narrov a ibase of actual results, 
the likely outcomle of such a radical departure from 
it system which has lasted for centuries. It ailly he 
too soon to be sanguine but at lest one can be 
hopeful! Whatever tille future of the two-sward sys
tem per se, one view is firmly held: the breiching 
of the nutritional barrier is a leap forwa r(I in hill 
sheep farming, Who is to know what the future 
ramifications of this breakthrough will be? The 
achievements in better land utilization attlined by 
some of Scotland's pioneering flockmasters over the 
years lend support to this view. 

A personal conviction based o- some twenty yelrs 
of working in the hill and upland sector is that 
the key to the future prosperity of lhe hills lies in 
considerable modification of the free range grazing 
tradition. The two-sward system is one of several 
techniques which offer hope in this direction. 
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VASUVAT 

DISCUSSION enough, that tiiey should adopt this syst -m. SomeE. 1. Nesius (West Vivginia). I have a question that economists say that this is madness, but as a manhas to do with variation in prices. Do you think from the hill country I quite welcome it. I don'ttbe subsidies are going to cause that?The fluctuation, mind getting record prices and record levels ofI presume, is from the supply and demand situation, subsidy myself. But until we're fully integrated andor it it just the markel inequity? have an agre ,d upon policy for mutton and lamb 
McCreath. Well, since we entered into EEC it's very it's anyone's guess as to what's going to happen.
much more difficult to answer your question. I think Nesius. So, are we going t(; have more lambs laterundomhtledly had we not been in tie EEC we would on Iv,,:ause cf the high price now?not have enjoyed these record level price,, for store McCreath. Well, I can hardly tell my own clientsIambs aiind ewes and weaned calves. We're also what's going to happen at the sale next week. Ifenjoying airecord hvel of subsidy support for hay. I could just say one thing-there was a story toldNow had we not been memnbers of EEC this would in Britain of a tremendous rate of inflation-the feednot have happened, the support level and subsidies merchant informed a farmer, quoted him a priceper heal would have been reduced, because we hove for barley and the farmer said to him over the phone.been able to persuade the Europeans, strangely can you hold that price until I find .my checkbook? 

50.
 
Economics of Hill Land Utilization in Thailand
 
S. Vasuvat
 
Department of Land Development, Bangkok, Thailand
 

'he area of Thailand is about 51.4 million .a, a blocky structure with good moisture-holdingof which 37%, or 19.2 million ha, are classified properties, and are markedly resistant to erosion evenas hill land and mountains (slope greater than 30%). when cultivated on steep slopes. Organic contentAn estimated 49% of this hill land is located in is relatively high because the characteristic structurethe north and the remainder is in the central, west, resists leaching. Some hill folks cultivate the poppyeast and south areas of the country where most of continuously in limestone areas for ten years or more.the land is utilized as national forest or settled Others practice a type of fallowing. using a swviddenagricultural land. The hill land area in the north for perhaps two or three years, and then resting
has a potential to be used as agricultural !and. 
 it for a similar period. Under such intense cultivationSpencer (1966) emphasized that shifting cultiva- the forest rapidly disappears and savanna grassestion is the most wide-spread type of cropping system take over the fallow land. The almost completein South and Southeast Asia, In general, northern absence of forest is without doubt the most universalThailand is characterized as ai mountaiinots Iand characteristic: of areas where poppy is grown inwith relatively small areas of valley land and a northern Thailand and this is most evident in limemonsoon type (if clinate. The rainy season begins stone areas.in May or June and lasts until October or November In a report to the FAO in 1969, the Royal Forestryand is followed by a ;old dry season in mid-February Department estimated that the total area now beinguntil the rains come again, cleared annually by shifting cultivation in ThailandAt presnt there are more than 500000 hill tribe isabout 30-40 thousand ha and in northern Thailand
people in the north. They practice slash and burn alone, about 3 million ha, or approximately 70%agriculture for opin production or sell the cleared of the evergreen forests situated in the most imporland to newcomers and move to a new area. Soil tant watershed area of the country had already beenand climatic conditions there are very fa vorable for denuded. These figures were obtained from aerialopitm production (the poppy grows best in soil photographs taken in 1956-59 and liust by nowderived fromn limestone). Reports (Moorman el al., be considerably higher (Komkris, 1970). Shifting196t4) indicate that the soils are red brown earths cultivation or shifting agriculture has destroyed vastwith aI pl1 of ( or a little higher. The soils have areas of primeval forests. These forests have served 
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ILL LAND UTILIZATION IN THAILAND
 

t) cofnserve water and soil and i inimize the (lestrtllc-
ive effects of floods as well as to aneliorale the 

local climates. The most serious aftereffects of shift-
ing cultivation are, however, Ihe clegradation of the 
soil and the reduction of its capacity to adsorb and 
hold rain water, which results in erosion, sedimenta

tion in streams aid lakes, flash floods during the 
rainy season anii the ,ub.ieqllenit drying Ill ) of creeks 

and va(erways dill ing the (ry seaison 1,inijba|ana, 

1970; Koulkris, 1970 Hld IKunstad and Chaplnan, 

1970). 
The Royal Thai government has placed importanl 

emphasis on all kinds of development for the hill-
tribe people residing on the high land. Ilowever, 

te({iilIse ouf dlifferen:es ill cult ures, and economic 
politictal problem s, the projects aie progressingaind 

slowly. 
[Under present circumstances, however, the major-

it , of forest reserves or ireas inutenided for reserviation 
as pernianieut forests in the hothills have been 

heavily destroveI hy illegil squaters. 'o) turn thwse 
l'-vis Into for:st hy uhi hreforestlionxv bewcosily 

anild probably ca use much politicaI flror indl reper-
Cussions (Komkris. 197(1). So it 'aiV he better to 

give up stiitbli' areas, formerl x ireservtd forests 
and nov, dentled, ti, prmnent 1ype i' t:ultivat ionvp 

tnd sal.ige \vh, rinains. 


l.- luaijestv tin King h.s pf'rsonally initiaited and 
fi, an(Cd projcts itf (.(:oflomli ,Iistince to the hill 
trifes. 'lt(sf- projets includt, tield tritls n itgricul-
tural extension vork in villages where the opiuml 
p)ppy hls hvio'n it suisistenc, cash(:lop for genl(ri-
!ioins. The King's cti,,Ii(s ire nowx iing c()mplt-
ment(d by the j(int Thai (;verrnint-lnitel Natioins 
Program for Drug Abuse (>ntrol, of vhich li, im)iir-
tant feature¢ is the progros-ive r(lijt:cine t oif ip)ilin 
cultivation and the soci(j-(ci:juomic df'xv'opment of 
xvillage ctinttnit's inl ertiin v"k(,y"cr pilot villages 
andtl reighborin "saJtellite" village. ,,,ny govern-
tient departments and !xvo univt'rsities ire parthi-
pating in this ventIure. 

Besidies the atltivities renltion(I ii'-tvfe. thet nit'd 
States Department of Agricilture has stupportedI' 
agrtculttirjiI ri" t'trch on opititi stibstitiit iitm rops
in the hill-tribe itreti. This projec:t x,'ill (ollaborate 
closely with 'hai-I.N activities. 

Several sub-projects have been untidertaken for 

opium-suhslilute crop introduction. ev lutation alnI 
adaptation in the selected hill lnd areas. The final 
resulls of these studies have not been reached. 
However, from the general point of view, the projects 
have the potential to succeed. 
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DISCUSSION 

Susan Almy (New York, USA). I don't know %,ttl 
success you're having in convincig the hill trihes 
toi use some of these things hil how would lyo 
estimate how much lahor is going into the kind 
of crops oi ire trying tio get them to grow. conillm'ire 
to the profit that t:ori)s from ib? Please comlpare 
that with opium and the othr shifting cropis thi 
they're grow.ing now. 
Vasuvat. Well, the hill tribe petiple thenselv(s hiv( 
it lot of frete time tx) work and We try tot alloi;itv 
0nv 2.5 ires )f land for each family in the Ind 
settlement schemne, then the gtVlernmetlnt sup)Iirts 
their produCtit)n techno)logy through (extesioniinl 
soil and watter conservati(n. The governmenit )f iicetrs 
convince them to use their oxxn labtir instv'tid oif 
equipment. 

Almy. It looked t if like the)! s.s m tiexy weri 
using. especially if they're grtmwing opium. xvisgirig a very high return for no mutch laIoir. l'erhils 
Ihv gol prfe tosa hrgn ro vr (the' wx'uld prefer to stay thert mn not xiir very 
hird rather thian go )it to your set: tintll shevnli. 
Are you having any problems with ;ilat? 

Vasuvat. This is up to the enforcetnnt. It is vxl 
known that growing of opium is illegal. We try Io 
convince the hill tribe people to selle iii the slhIli:ttlt 
area. In the meantime ve condtt research on suh
sistence crops such its fruil Irees. You nay knox' 
about lichi, one of the fruit crops that can give it 
REry good return. It is atonl 2 or 3 dollars per l)tilnd. 
Also peach and other foreign crops are quite expet
sive crops in otr country. The inlrodt;tion of foreigi 
crops that cin grow well in the north has Ilherlvfore 
been undertaken. 
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Ernest Nesius (West Virginia, USA). I am interested 
in the diets of your people. You're trying to introduce 
new foods which perhaps they're not used to, is 
this right? 

Vasuvat. No, we are not trying to introduce new 
foods; we want to try to make them grow the crops 
Ihil can give them a good return. The foreign crops 

51. 

ZINN 

are the predominant ones; the climate suitable for
 
such crops is present in some areas of the north.
 
A lot of foreign fruits have been imported with a
 
very high price in the market. lops is also one of
 
the imported crops for brewery business of the
 
country. We import a lot of hops.
 
Nesius. Whatt grain (10 You make beer out of?
 
Vasuvat. Imported barley.
 

A Method for Analyzing the Contributions of 
Forest-Based Activity to a Region 
G. W. Zinn 
West Virginia University, Morgantown, West Virginia, USA 

Increiasing enphiasis is being laced upon plan-
ning for regional developnment in all types of econo-
rtes. In ;eavily forested areas, forest-I,'ased econom-
it: act ivit ies are often a focus for such planning efforts, 

This pa per explores af met hod for describing the 
effects of forest ilctlivities in tevrms of regional eco-
nomic and related social considerations. Major por-
tions include (1) liscussion of why ilnalysis of 
regioni impicts of forest activities is of contcern;
(2) suggesting lhat an economnini( iil social account-
ing friinework is ia suilible couit for miaking
comprehensive, useful iaalysis: (3) presenting ;ain
illustrative i',ilyical frauwork; and (4) discussing
Ihe imporianc, of' such in analysis to regioni
developlmenl pr(Jilemi inalysis and planning. Also, 
)r!'viols applictilitln (if the melhlid to the Appilla-

ciiu region of New York St,it is ntri] mind applica-
tion to other econom-ic aclivilies or regions is briefly
discussed, 

THE PROBLEM WITH FOREST ACTIVITIES AS ABASIS FOR REGIONAL DEVELOPMENT 

(;ieliuly. efforls to) stiniulale regional econonic 
growlh lild developmen are it response to growth 

'A toisl ti tivil is difinvi ,is n firest risili I 1%1-oir mllallIllijt illtion which 1it.s Ihi' pitiiitiill uti.leritgil i' llomlnic 

,,r 
 s,idi iijiiIs , ittiii itii'iii itri dthilI pli - ii lt ll ilr sollni 
of till- plph,,,f I,(1,finllfd lgion,

In1bith gi-lit rml i-(oiilli li; tltll'V aind regionli iiolulllil;s, the

I-illn groM l tiisvi l i %t to im/l;mi1usts I liill mtpll if llin
, rifirs i 
i:ollilli,'s giiots .ill sirvimis (Kindh rgir. Ii5). Tie triimbhil'iiimlieit i mIIrms 110'!(~tllnu I171): it inilplii's jirmilriss 

m'imir]slilule it'siri'it smreii i . jthi11171); it i vineiprogres
In ii di ljoi3is Tihuis,i;ii ll illittlif iii I sis w I develr 

;1.1,is itirIll- itsit i ffm:ts w tfoiro i
iiin lu, th oividcials 

oir grmiulis wilhin 'I liiliculhr ruvgiln. 

or development problems-the performance of a 
region's economy is not up to expectations. Forest 
activities may become a focus of planning efforts 
because ". . . there is a remarkably close correlation 
between the presence of forests andi areas of economic 
lag" (Yoho, 1965). 

But the mere presence of forests (loes not necessar
il. mean that they are i useful resource for regional
ihevelopmenl. Numerous attempts to stimulate local 
economies via forest-based atctivities have occurred 
in the United States. For instance, i frequent ap
proach has been via wood utilization cooperatives;
uniformly, these have neither produced significant 
regional uplift nor sustained themselves without 
large govvrnmental subsidies (Francois. 1955.-imi
lempsey, '1968). Recently, there have been attempts 

to undersland such failure. Yoho (1965) explored
se'eral possible explanations and found some evi
dence for each. Kromn (1972) made a similar effort. 
with similar conclusions. The basic conclusions ofboth are summarized in Kiomm's statement (1972): 

A&itspare-using residaitl land use, forestry operateseffectively with little conpetlition for labor, miniil 
linkages with the local conii *%l,itaweak regional 
infrastructure and questionable conollic stability 
..-


Although forestry is ti hounoriable and productive
tse of land, its ildvantages are severely lim ited. The 
regional benefits of forestry vary with the specificactivities, owilership of the land and forests, existing 
c onomic conlditions, anid i host of other factors . . . 
The rol! of forestry in regional dlevelopm ent is not 

its positive is conventional wisdom implies. 

Both experience and rationale indicate that a forest
endowment is not, by itself, necessarily an adequate 
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basis for regional developmrit.' As stated by Kromm 
above, a "host of other factors" are influential as 
well. 

Since the resource potential of forests for regional 
development is so unclear, careful analysis should 
prezcede any effort to use them as development 
stimunts. There are two basic questions: (1) What 
is the present role that forest activities play in tibe 
region in question and (2) what is the potential role 
that they may effectively perform in regional devel-
opment efforts? Since answering the first question 
contrihutes to ainsvering the second, ani:lysis should 

pro(:eed in that order. Methods of analysis for hoth 
these questions will 1w discussed. with emphasis 
on the first. 

ECONOMIC AND SOCIAL ACCOUNTS AS A 
FRAMEWORK FOR DESCRIPTIVE ANALYSIS 

lsaird (1960) has shown that social wcounts are 
useful components of analvsis-decision models for 
regional planning in generail. while laivis intd Bent-
ley (1967) have discus:;ed their use-fulness in prob-
lems of forest resource policy analysis. l3asically, 
'(:onomi: and sociail atccounts are a (hefiiitinal-ana-

lyti,:al framework within which the socio-(,conornlic 
features of a region may he studied for purposes 
of probleni antlysis and policy formulattio (Davis 
anod lBenitlev, 1967: lsard. 19630). 

An economit:'social accounts frame.work pro-
motes clarity and cornprehensivene'ss in nalysis. 
Also, it helps prevent value judgments (the making 
of which is the proper domain of the policy nmk(r) 
inadvertently creeping into the analytical proceiss
(Davis and Bentley, 1967). Another iidl'mntae is Ihi 

such a frarmework vwould make integrated ,inalysis 
involving different s-disciplines (e.g.. ec:(,imi(, ~4. 
cielo, politicial science) more feasible: the Various 
analysts could dl contribute to the amlysis and 
interconnections betw(een disciplines could be ma(le 
clear in the process. 

A METHOD OF ANALYSIS-CRITERIA AND 
INDICATORS OF IMPACT 

Because mif the usefulness of the e:onomic/social 
accounts corce., it is used in suggesting a method 
for ana yzing the impacts of forest alctivities on , 
region. The method, or analytical framework, in-
cludes (1) criteria which de fine the nature of a 
forest-based sector's impacts on (or contribulitions to) 
a region and (2) sl'.'(cific measurable variables (in-
dicators) relevant to each criterion. The indicators 
are needed because the criteria are general defining 
or categorizing statements and thus are not subjer;t 
to direct analysis. Data on individual indicators give 

'The Yoho and Kromm arlictes focus ,o, w-.d-using activities. 
ltowever, Bleardshty (1q71) shows thal the samse co:hu sions 
apply to recrealion, another major forest activily. 

partial information on the sector's or activity's impact 
ol the region in question; data on all indicators, 
taken together, give a well-rounded picture of the 
sector's impact on tie region. 

The criteria and indicators are as follows (criteria 
are numbered, indicators are lettered):" 

1. The amount of economic activity generated in 
the sector (measured by) 

a. Total employment in the sector 
b. Total annual payroll in the sector 
c. Total value added in production in the sector 
2. The productivity of the sector 

a. Labor prduitivit,' (value added per mailn hour 
of production labor) 

h. Land productivity (comparative advantage) 

c. Capital productivity (state of technology) 
3. The sector's direct effect onl individual welfare 

rate em ployteesa. Hourly wages of wage 
b. Average workday and workweek, pay differen

tials for overtime, vacation cre(lits and pay 
c. Annual incomes of employees (hoth wage rate 

and salaried) 
d. Social securily benefits which accrue to em

ployees, including unemployment and health in
surince, sick pay. and pension fund benefits (both 
pulhli: and priv'iile) 

e. Working conditions, including safety condi
lions in the work place, emergency medical facilities 
aid services provided, amenities provided in tihe 
work place, and other general conditions of the work 
place 

f. Returns to entrepreneurs an(l owners of ewm.ity 
g. Opportunities for job advancement 
h. Colnposition of work force. incudirg age, sex. 

race, and skill characteristics 
The sector's effect omirgional ecoinomic stabili

ty 
a. Turnover an( mortalily f enterprises 
b. Permanence of employmnent 
c. Seasonali ty of induslries 

d. Industry sensitivity to economic cycles 
e. Dependence on raw material and energy 
f. Mobility (if sector's enterprises 
5. The sector's effect (in the geographic (listribu

tion of economi(c activity over Ihe region 
Intraregioial lct:ion of sector activity, both 

incidence and mgnitde 
h. Regional fringe c(osi(deraitios-sec'tors at

traction of labor and other resoorces from the fringe 
outside of the region's boundary 

6. The sector's irteractions wilh the public sector 
a. Taxes (etc.) paid to all governments 
b. Services and subsidies of all types provided 

to the sector by all governments 

'This analytical fra ,nworkis a refinmurnt of that pwsenimls hy 
Zifin (1172), 
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c. Special public sector-private sector interrela-
tionships" 

7. Characteristics and conditions of entrepre-
neurship in the sector 

a. Characteristics-type of enterprise, including 
legal structure of enterprises and ownership-man. 
agement characteristics (training, experience, etc.)

h. Conditions-the quality and performance of 
entrepreneurship in the sector 

8. The se(tor's generation of external costs and 
environmental impacts 

a. IPollulion an( similar external costs generated 
iby sector activity 

b. Modification of the physical environment as 
a result of sector activity 

c. Ae.;thet ic impact of sector activity 
d. Short- and long-term land use and land pro-

ductivity implicalions of sector activity 
9. The secondary economic effects of the sector 

on the region 
a. The sector's position in the region's economic 

base 
b. Interelationship of sector activity with that of 

other secth'rs in the region 
c. Multiplier effects of sector income generation 

This a oalytical framework is not a new departure 
in regional analysis; the framework makes use of 
existing analytical techniques rather than presenting 
new ones. The utility of the framework is that it 
provides a means by which estabhlished techniques 
may be alpplied in a ii(ior(dinaled, efficient and 
mnut ually supporting or cross-checking manner. For 
examph, citerion 1-the amotnt of ec(ininli(: activ-
its' generated in the sector-ay be analyzed via(:onent iinal meth ar t e(:onoi ina-surnventinal. hods of aggregit a 
effects oftheysecior ontregion-is basedonsimilar 
yeffecs of thsecoonidt tw v;r ,pplonilion of 

types of ecoinomic data: however.it applicar of 
regional mult iplier analysis or input-output analysisto the data yields added information on regional
interse(:torial linkages aind se:onlary effects of sector 
activity. There are nunmerotis other instilices of 
complenientary data usage throughout the frame
work. 

IMPORTANCE OF IMPACT ANALYSIS TO 
REGIONAL DEVELOPMENT PROBLEM ANALYSIS 
AND PLANNING 

'l'he analvtical franwork is a method for descrip-
lion. l)escription is not of interest for its own sake. 
Rat her, the information yielded by the fraimework 
is a iecessary and important starting point for 
explanation, )rediction, ani prescription in the 

process of problem analysis and policy making for 
regional development. 

Analysis of the variables within the framework 
yields information in an economic/social accounts 
format. This information may be evaluated against 
,egional social norms and goals; thereby judgment 
can be ren(tertd concerning the nature of the sector's 
impacts on the region. Since this evaluation is norm 
or goal related, it follows that a problem exists 
wherever the sector is performing in a manner which 
deviates from given standards. Whether such prob
lems merit further analysis must be judged by pre
dicting whether their nature and magnitude wvill 
be of significance over a future period, since problem 
solving can only take place in the future. If so, then 
the groundwork exists for detailed planning (i.e., 
problem analysis and solution). 

There are several useful analyiical techniques for 
regional development planning: simple projection 
of present conditions or historical trends, compara
tive cost or compelitive position analysis, input
output analysis, etc." The technique(s) chosen for 
a given analysis will depend on many things-the 
nature of the problem, research expertise and other 
resources available, time available for analysis, time 
horizon of planning, etc. 

In any event, a comprehensive descriptive analy
sis, as in the fra mework presented above, would 
achieve at least three important things: (1) It would 
help define regional development problems, as aIl
ready noted; (2) it would indicate the sort of predic
tive analysis needed and would imply the tech
niqum(s) to use; and (3) it would provide detailed 
baseline data against which to compare alternatives.

If based on a thorough descriptive analysis. prob1conomicecon be effective and efficient, forlem solutions should 

the analytical process which toled them should
have clearly identified the significant problems andtheir socio-economic context. Thus, analysis of the 
ipcso tsco nargo otiue ralimpacts of a setor on a regin iontribtites greatly 
to regional development problem identification, 
analysis, and solttion. 

PREVIOUS APPLICATION OF THE METHOD 

This analytical method has been applied by Mill r 
and Zinn (1971) and Zinn (1972) with only sligh' 
variation from the criterion-indicator framework 
presented above. The Miller-Zinn study produced 
development policy and program recommendation 
for New York's State Office of Planning Services, 
while the Zinn study focused on the rationale and 
analytical implications of the method. 

"If mil adequaely dfinud uinder 6., .amid i. 'For discussion of these and oiher lechniclques, refer to Isarcl (1960). 
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In both studies, the method was applied to a 14 

county region.' Forest activities studied by Miller 

and Zinn (1971) included forest management activi-

ties and the logging, lumber, veneer, hardboard, 

Christmas tree, and maple syrup industries. Zinn
 
(1972) added the wood furniture and other sclected
 
S.I.C. 24 industries." 

Miller and Zinn preceded the impact analysis with 

a general descriptive analysis of the forest resources 

and forest activities of the region. The impact analy-

sis was followed by competitive position analyses 

of each forest activity. The study concluded with 

policy and program recommendations for improving

the contributions of the forest-based sector to the 

region. 


Space precludes detailed examiniltion of study

findings. The impiw(t analysis findings 
 are sum-

marized by Miller and Zinn (1971): 


In terms of aggregate ,tw)ntnri: ic:tivity, thetimhber-
based sector is a mirnor portion if tlht rtgitnrd oeon-
omy. With its rtltivelv low proldu:tivitv, th' si:t(or
has gre'al difficulty in miintatining its pl,.:, in the 
regional etioumuv nidtl thein ,ltquittlv rtnrrting 
people it ernplhtys. In nan.,, rf-.p)i t. its c:(,ntriliutition 

to the regitri is pr-lt rrt'urns tolabor and othr 

resour:es, poor nd tins,ift, working c:tntlitio.s. dllk
consitertifrlnwork 

prise. I 


On the .tht'r and. th. so:i I md hmntit.
tlits 

it produt:s ai(' ( r ilinlv 11)t .(' rtgion' disadvin
taged people.* With fw tmttio, thtv live in rural
til 

areas ind hlv( ftwtr tt:trltonti: oppotrtuiities thin1
 
their urkir countttrparts. Nlnv r(, unskilled, with
 
very limited opt.rtuniitits for ,,mplo, mint. Thus the
 
timnber-basetd sector c:oritribuht's sigmifcit:jtlvI toi the
 
welfare of many individuals and tot areas f the, rgion 

in great nettd rtf ce:nom i. uplift.
 
Based on the findings, Miller and Zinn (1971) 


made several recommendatioms. The impa(;t and] 
competitive position anialyses indicated that no
large-scale programis were lnee(l ed. Rather, the re:-

ornmendations vere for numer(us modest efforts 
which would improve the contributions of the se:tor 
to the region in a cost-effective manner. 

The Zinn study illustrated the analytical method 
in depth and explained it in terms of economi: 
theory, principles of regional development, and 

'These included the southern New Yorl: counties of Allegany, 
Broorne, Catlaraugus, Chautauqua, Chemnu ng. Chen ngio, Co rt-
land. Delaware. Otsego, Schoharie. Schuyi r, Steubon., "'iogi, 

and Tompkins-the "Appalachian region" of New York Staf!, 

as designated in the (Feteral) Appala:hian Regional Develop. 

ment Act of 1965. meridned 1917 (40 IU.S.C. App. 4013). 

"Specific S.I.C. tStandard Industrial Classifii:ation) codes for 
coded industries includi:d in the analysis are! found in Zinn 
(1972). 

296 

methods of regional analysis. This study also ex
plained the manner in which the method contributes 
to the overall process of regional development plan
ning. 

APPLICATION IN OTHER CONTEXTS 
This analytical framework is general. It was devel

oped from general economic theory, prin:iples, and 
techniques. Nevertheless, some aspects of back
ground and context are not general. These include 
the context of the United State's social and economic 
system and a defined region. 

Thus the framework is not a tunivesll. For in
stance, consider a small "emerging nation" interest
ed in a development programi. In the framework, 
at least one important variable for this context is 
missing: the international balnce of payments or 
trade. This ind probably other variables would need 
to be added; others might be dropped. 

Since a change of context may re veal gaps in this 
pairticulr framnew(rk, it is not properly viewed as 
(universid. Rather, it shoulhl he taken as suggestive 
of similar friaiveworks applicible to other ecollonliC 
activities or regions. Tl'he important idea is that a 

o)f (ollonii: and soc:ial i[;C()llti s, howtrveor 
defined, is a very useful basis for de(scriplivelnalysis 
il regional development plilining. 
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Land Use Patterns in Appalachia
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The Appalachian Region corresponds roughly to 
Ithmountainous area which parallels the East Coast
of the United States. The area which has been 
officially designaled as the Appalachian Region
consists of 397 counties in 13 states. Located along
the spiny ridges of the mountains of the same name,
the area stretches soulthwestward from southern New 
York to the northern areas of Georgia, Alabama and 
Mississippi. Only one state, West Virginia, is com-

pletely included within Appalachiij. In addition to
physical location, economic, social, and political

:onlitions were factors in determining whether 


certain fringe counties were included under pro-

grams administered throug'h the Appalachian Re-

gional Commission (Brilt, 1971). 


"lhe region is, of course, diverse 
 in bolh physical
and other f(!atores hut there are( somei general charac-

teristics selting it apart as it distinct 
 area. Thetopography of the variesarea from hilly to moon-
tailmis, with many narrow valleys, a few broader 

river valleys such as Ihe Slheandoah, and some 

rolling areias hut relatively little flat land in con-

liguotis units. A substanlial porlion is classified 
as 

pLhatau-land (e.g., Alhlghlny in
the Plahtau WestVirginia lld the Cumberland PlIjlateau in Kentucky),
hut much of this land is eroded and characterized 

Iy a gmerally rough terrain. The Appalachian ranges 

are get;ogically old, worn mountains, but 
 they are 
sufficiently rugged to have acted as a barrier to 

western migration for many years 
and to have hat 
otlhri inpac:ts even to th,, presnt time. 'Fhe higher 

ieks. iii North Carolina and 'l'nnessee, ire aroundl


28) llleters, but generally other arepeaks under 
2200 meters. of land isMost the area relatively
steeply sloped. Two-thir(s of the land in West 
Vir-ginia, for example, has slopes oif 20% or greater(Lee et.da.. '1976). Over half (55.7%) of thel land area 
off the region is classified by the Soil Conservation 
Service as having restrictions so severe as to lreclude 
normal cropping (Coltrane andiBatn, '1965).

For much (ifthe time sin:e it was settled the 
Appalachian Region has heen an economically di-
pressed artiisolated area relative to the rest of thenalion (see, for example, Caudill, 1963). This type
of situalion is not atypical for the more hilly areas 
of the world. Ilowever, Appalachia also has been 
subject to a boom and bustset of econoin ic cycles
for the last 100 years or so dueito exploitation by 

the industrial sectors of two of its primary re
sources-timber and coal-which are very sensitive 
to economic conditions and technological change.
Timber was responsible for leading one of the earlier 
booms, and coal has contributed to three, including
Ihe present mini-boom. Following World War 11the
demand for coal declined as petroleum ancl natural 
gas use expanded and mechanization of coal mining
redluced manpower requirements, leading to a 
chronically depressed economy and a poverly stricken population despile -onsihleralfle out-migration.
This situation, contrasting starkly to that of most 
of the rest of the nation, led to the establishment 
of the Appalachian Regional Commission and to
specialized prograns It)aid the region. The energy
crisis of 1973 has led to a revival in the demand 
for coal and, al least, an economic hoomlet. 

RECENT ECONOMIC DEVELOPMENTS 
The long economic (lownslide that has afflicted 

Appalachiii since Worll War II appears to have 
ended-whether permanently or not remains to be 
seen. Population in the region is increasing and there 
is a net in-migration (Beale, 1975: Pickard, 1975).Recently incomes have incr-ased more rapidly than 
for the nation andi employment has increase(l at about 
the same rate (Pickard, 1975). Unemployment in
much of the region has heen lower than for the 
nation, a sharp contrast with recent y'ears when the 
region ten(ded to have one of the higher rates of 
unemployment. West Virginia, fur example, has 
averaged about a percentage point below the national average during the last year; itvery few years ago
the unemployment rate often was 15-20%, three 
to five times greater than for the UJ.S. (U.S. Dept. 
of Commerce, 1976b).


The energy (risis. which caused a revival of coal,

conlributed to the reversal Ihe economic
of forces 
but was by no means Ithe only factor. Population
had startedlto increase by 1968-69 dfile to a combina
tion of factors. One was the development of the urban 
crises of the 1960s which hl to a negation of the 
concept that megalopolis was the way to move. was becoming apparent to mainy%analysts and indi-

It 

viduals that depopulation of the rural areas of the 
nation would not solve the poverty problems but 
would cause many others. Rural (levelopment pro
grams such as those of tlhe Appalachian Regional 
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Commission and changing social and cultural values 
worked together to make rural living more appealing 
(USDA, 1976). Thus the situation in the region is 
no longer so bleak its it on(: appeared to he, although 
many problems still remain and tle region still lags 
in level of living, public services, and some other 
measures (f quality of life. 
LAND USE TRENDS 

Land use in the Apoalachian Region, its in most 
of the ILS. has undergone very significant changes 
during the list 1three decades, but (lie to the topogra-
phv. to changfes in economic conditions, to social 
and cultural patterns in the region, and to changes 
in technology ti( transformation has not been the 
same as in nmo,! ,,her parts of the nation. Ini general. 
land in Appalachia has been converted to less inten-
sive ises. SpecifiCallV, large amounts (f cropland 
have reverted to pasture. brush, and forest while 
pasture has gone into brush and then to fo rest..An 
analysis of this trend was made, )y thei Btireau oif 
Agri(ultural Ectonomics as long ago as I935 (ltSDA. 
1935). Of course, substantial areas land also)have1t 
moved into mn(ore intetisivt, llses-hoousing. comier-
cial. industrial, highways. et(.-although the (It-

linles in population levels had ia rmitigating influence 
on those changes. too. A recnt stud% in West 
Virginia indicated that significant shifts inl land Lse, 
were occurring ill nearly every county (State Land 
Use Committee. 1976). 

Land in farms has thcline] draiaatically, attrend 
that started around 1900 fll which has contin(ued 
unabated except for lh(. 1930's. Over 70" (If the 
land area was in farms in 1900( while Only 60",, 
was in farms in 19:30, although the nuimber of the 
farms increased. Less than 40% of the land was 
in farms by 1970. The preliminary r(Jorts for il! 
1974 Census of Agriculture itndic'tie that these trends 
are continuing (U.S. Dept. Commerce, 1972, 1.976a). 
Much of the land that went out of produ:ti)ln in 
the earlier years was not suitable for farming-some 
was abandoned due ti(o stefep slopes or clue t) loss 
of productivity from erosion. Other large am(ilunts, 
whole farms or parts, were pUrchased for timbiher 
or, in some cases, coal. Today b(ef c;attle grazinlg 
is quantitatively the; most importaint agricultural uSe 
of land, although orchards are important in limited 
areas and much of theiurley toba;cco of ihe IU.S. 
is grown within the region. Broilers are important 
in the southern part of the region but th.se factory-
like operations use little land since most of lhe feed 
is imported from the Midwest. Pork, once produce(]d 
on most farms and culturally an important prodcut, 
has declined in relative importance, due in part to 
the blighting of the American chestnut which pro-
vided mast for feed. While there still is a relatively 
large number of farms in the region, the number 
of commercial farms is relatively small; 41 % of the 

377852 farms were classified as commercial farms 
in 1969, compared with 63%, for the U.S. 

Commercial farming is relatively minor in 
Appalachia compared with other nioiietropol itan 
areas in thelUnited States, but tle proportion of 
rural to urban populations tends to be higher. Rural 
residences an( part-time farns account for the highcr 
proportion of rural population. There are relatively 
few large cities. Only 50% f the population in 
Appalachia wits in metropolitan areas compared with 
76% for the nation. Nearly twice thelpercentage of 
the population is rural nonfari in Appalachia 
compared with the United States, and inure than 
half the farms in the region are part-time units. Less 
than half of the farms in Applachia are (:urrently 
classifiel as (;omnwrc' in eorations compared with 
two-thirds for the U.S. 

Land in forests has i,(;re'; ed. esp cially nonfarm 
woodland, du(Ito both reforestation oif land taken 
(Aut of farming and to the purchase by timber 
comlanies, railroals, and others (if whole farms or 
wOOthd parts (If firms. TwO hundr ldyeVars ago 
Almost all the land in the area was wooded %with 
msly hardwoods. Relatively little timb!)ering haul 
((:-urr(fd by 11170, alth(utgh land hadl beet cleared 

for Lnning, e.specially the vall!ys and less steply 
sloped llnd (Caudill. 196:3). leginning in) tl late 
m0's much of the scinding tiiber, but not the 
land, wis plurchasvd iin inl the! sl)Se(cll'nt coal al 
war loolms '11)s ,,f ;t is harv(!sted, generally in 
a wasteful and (lesrtivcte(ntlettr. t"rosiotn resultd. 
but for the most part natural reforestation event ually 
occurred. lBtcause tie! usefttlness of the lind as 
impaired by tite olerationus mlid since it takes so 
long for hardw()oods to reforest land, much of Ihe 
cutov(r area was purchas(l for natinal forests. 
lfowever, less thn half the area was ev(r Out of 
wo(dlandf at alny ine time(, alnl( today some (i0';, 
is wtooded (SCS, 1970). Although forestry is itolpor
tant, the harvest of timber is far below th( lotenlial 
(If the region. Annual growth of trees in, for examnple. 
Wesl Virginia is alout :170 millioin (:,)ic; feet bul 
only some: 120 million are harv(estud eiith year: (f 
oneb)illion board fet!l of saw timel)tr5OOtoto imilli,) 
are harvested (W.Va. Dept. Come;e, 197(). More 
of Ihe( land in the central Appalachian area is forested 
than is generally true tt either In norlhern ofr 
southern areas (Coltrane ittd lBaum, 1965; JSDA, 
1935). 

Th, central Appalachian area (plus Perlnsylvania) 
alsoi has been (and contlinue-s to be) o(.!f the prirnary 
coal producing regions of the country, although lh( 
proportion suppli ed by Appalachia is dropping as 
Western coal is beginning to be mined on a signifi
ciant scale. About 1(1%, tof U.S. coal was lprtoducLtcd 
in the region in 1963 and 70% in 1973 (Miernyk, 
1975). The total 1973 regional output was aboot. 30% 
greater than in 1963. Coal inining, at least deep 
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mining, uses relatively little surface land but its TABLE 1. Major land uses and changes inimpact on land use in Appalachia has been much Appalachia
greater than the land directly used would suggest.

I lousing anl other facilities for the coal towns used Year 
 percenmuch of the flatter land in the narrow valleys where Land Use 1958 1967 Changemost of the deep mines were located, the hills were(enudel of trees to provide the mine props and thousand halinbers, land was covered with waste piles of slate, Crops 817 012 -9.2subsidence occurred in many areas after mining, pasture 6042 5074 -. 1streamins were polluted by mine drainage and coal Forest 27695 29574 6.7
dust. Mining also resulted in r;iilroad and road Federal non-cropland 2786 2631 
 -5.6constrtc liton in the region, atrra led farmers to the Urban and built up 1895 2250 18.7
mines, and hadi important social and cultural effects. 
 Small water areas 194 204 5.1Recently, strip mining has become more impor- Other land 3080 2119 -31.3taltl-sore 40% Of the coal produced in the Appala- Total limnl area 50265 50 2H5chian region is from surface mines compared with Source: Soil Conservation Service, 1970 and 1971. State Soilabout half for the U.S. (Miernyk, 1975). The amount and Water Conservation Needs Invenlories. Publication of eachof land dist urbed per ton of coal is much larger State Soil Conservation Service in: Alabama, Georgia, Kentucky,than in deep mining biut is, again, small compared Maryland, Mississippi, New York, North Carolina, Ohio, Pennsyl

to the total land area. About 2% of the land area vania, South Carolina, Tennessee, Virgina. and WVest Virginia.
of West Virginia (1221100 ha through 1975) has been
disturbed by surface mining, although in some areas 1971) (Table 1). One of the problems for industrialthe proportion is much higher (Smith, 1975). The development is the lack of substantial areas of easilyeffects of surface mining also have gone beyond the accessible industrial sites.actual area disturbed due to erosion, water pollution, Recreational related land uses h,;ve been increasroad damage, etc. Adequate lrotduction practices and ing relatively rapidly with both public and privatereclalnation, however, can lessen or eliminate most operations. National and state parks and forestsof those effects and can, in fact. result in more comprise a substantial land area-some 11.4% of"usable " (flallter) land. Housing, industry, and other the land area of Appalachia is in the National Parkintensivye uses are being dfeveloped On reclaimed system (U.S. Forest Ser., 1973). Campgrounds, huntland. ing preserves, and developments ,round reservoirsLaind for transportation-roads and railroads-has also are important in many areas. Several ski resortsbeen an important aspect of arid use in the region. have beentl developed in the region, although lackThe extension of railroads into the region allowed of consistenit snow cover has been a problem. Seathe development of coal mining in the first years sonal and second homes have been constructed inof this clitury. Road building has served a similar many areas, both in )lanned developments and onfuntion in more recent years. The interstate andi individually purchased plots. Many persons whoAppalachian developnment highways are currently live out of the region have bought land for recreation,changing land use patterns, as economic develop- speculalion, or other uses,

mieit is more likely to occur along them. Most of
the earlier development of roads and railroads fol- OWNERSHIP OF LAND IN APPALACHIAlowed the river valleys and used relatively large Land ownership in Appalachia underwent a trans
quantities of the limited flatter land. Today's con- formation during this century in miuch the samestruction techniques allow for more direct routes pattern as its iise changed. Since most of the areatlhrough the hills, although the construction is ex- was not suitable to large-scale agricultural operaireniely costly. Inder the special Appalachiant de- tions, settlement and owners hip was broad-based.vel)pmenlt program, more tIhan 1900 kilometers of Pioneers moving into the region tended to settlefour-lane highways have been huill and another 1 500 in and clear land in the valleys while also obtainingare in variois stages of planning and construction ownership of some of the hill land, although(Appalachia, 1976). not 

always (Caudill, 1963). At the time of the coal ,ndIJrhtilts of land as nol increased as dramatically timber development in the Cumberland Plateauin Appalachia us in other regions because until Kentucky large areas had not been claimed by private
of 

recently population was declining. However, a re- owners.
distribution has occurred and in many areas consid- Standing limber in the last half of the nineteenthtrrable quantilies have been converted to urban uses. century and coal shortly thereafter became the targetsBetween '1957 anid "1967the urban and buill-up land of speculators and developers. Large stands of virginarea increased by many hectares, according to the poplar, oak, chestnut, other hardwoods and someSCS Conservation Needs Inventory (SCS, 1970; conifers became attractive its the industrial revolu
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tion was taking place. The existence of coal reserves 
in the region had been known and as the coal in 
Pennsylvania and other areas close ,o the ind strial 
activities was used greater attent on was given to 
areas such as West Virginia and Keitu2,v although 
its exploitation had to await the c:crsiuction of 
railroads and/or inprovem1ents of waterways. 

Prior to construction of the trainsportation network. 
the ownership of the timber and coal becaine the 
objective of speculators who could forsee vast for-
tunes from development of these resources. Purchase 
of the land, however, would have been very expen-
sive in both capital outlays and holding costs. The 
owners of the timber and coal placed little value 
on them btcause there had been no market, or only 

a very limited one. Speuiators an(l investors, often 
represent:it ives of lmber companies, coal firms, 
steel mills, etc., traveled within the region purchas-
ing standing timber (the best trees) or mineral rights 
for a pittance relative to their potential values. The 
small sums obtained were viewed as a windfall for 
useless resources byV landowners in the irea where 
subsistence farming w%-as the characteristic mode of 
operation (Caudill, 1963).

The purchaser did not want the land because of 

the initial costs and taxes they woud subsequently 
have to pay. Purchase of only the timber or mineral 
rights reduced the initia! capital required, subse-
quent opportunity costs and almost completely elirm-
inated taxes which generally were still paid only

•

by the Iandholer. The rights to millions of acres 
were obtained in a manner which permitted their 

exploitation almost whenever and however the new 
owners wished and with little consideration for the 
owners of the surface rights. In subsequent years 
the timber was all cut (plus that which hadn't been 
sold) but large amounts of coal have not yet been 

used. Currently the ownership of mineral rights in 
West Virginia is being traced so that the now valuable 
rights can be assessed and taxed (Margolin, 1976). 

In situations, as in the Cumherland Plateau of 
Kentucky, previously unclaimed land was surveyed 
and purchased by the speculators. Subsequent to 
the cutting of the timber and as the population 
exodus occurred or as erosion ruined productivity 
land became relativeiy less valuable and lumber 

firms, railroads, mining companies, and others began 
to purchase large tracts at low prices. Now a large 
proportion of the land in many mineral-rich areas 
is owned by such firms. In West Virginia the ten 
largest corporate owrers possess about 20% of the 
land and in some counties 80 to 90% of the land 
is in such large holdings (Miller, 1974; MacAteer, 
1970). A similar situation exists in the coal producing 
area of Kentucky (Caudill, 1963). Typically taxes 
on these holdings have been low.-frequently far 
below those paid on similar property owned by 
individuals. 
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DISCUSSION 

Wendell Berry (Kentucky, USA). When you speak 
of 2%, of strip inined land in West Virginia, are 
you talking of the areas of the exposed coal seam 
or of the exposed ground and covered up ground? 
Colyer. The disturbed land. Kentucky is quite a bit 
higher, I understand. I don't have any data on 
Kentucky; I don't know whether anybody does, 
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E. J. Nesius (West Virginia, USA). You spoke a great 
deal about the situation as it is. Do you have any 
answers as to how we're going to handle land use 
in this boom state that you predict? 
Colyer. No easy answers. I think we're going to 
handle it because it appears to me tha; in this period, 
more antdmore people are interested in the problem 
while in the Iast nolo(ly even wanted to discuss 
land use conmlrols of any type. They still don't want 
to if you call it zoning, but they're willing to talk 
aboult land use problems. The only way it (an be 
controlled, so thi in v%country or any area can 
prevent exploitation by outside parties, is if thepeople iving in the area are concerned enough to 

John Balasko (West Virginia, USA). Why do West 
Virginia,s, or people in the Appalachian region,
endl to hold onto Iheirland more vehemently than 

people in the Midiwest where the land would he 
rented? 
Colyer. You're at West Virginian. You ought to be 
able to answer that better than 1. I'm a flatlander. 
It's essentially, Isuppose, what was mentioned about 
Switzerland in some of the early discussions-it's 
a sense of security, it's something to go back to-you 
go off to Detroit but you don't know that you're 
not going to lose your job there. So, there's always
that (hi place to go back to. You can shoot the 
squirrels anm live off the land. 

53.
 

Gary Zinn (West Virginia, USA). Well, taxes are 
very low.
 
Colyer. Yes. Also, it doesn't cost too much to hold
 
(n to the land.
 
Zinn. Dale, what about the development of the 
highway system? In my view, this is going to thrust
change upon West Virginia, in particular, vry
 
rapidly-now it's only about 4'/2 hours to Washing
ton, D.C. instead of 9 to 10 hours. Would you 
comment on this as a stimulus to rapid land use 
change in the state and whether or not we in the 
state in general recognize and are ready to react 
to it.

Colyer. I don't know. My first reaction to the build
ing of the highway was that itjust provided aquickerioute for people to get out. However, most of the 
studies show that people will travel about two hours 
for weekend recreation and things like that. The 
highways now provide people from Baltimore, 
Wa"hington, or Pittsburgh with easy entry into the 
statu. I really don't know what the impact will be,
but the major impact of building them was in jobs.
We see a lot of developments along them. It's certain,
whether the highways are contributing or what, land 
prices in West Virginia are increasing more rapidly
than they are in the nation and there is a tremendous 
demand from out-of-state purchasers. Not in the old 
way, of building up large blocks of land, but just 
for a piece of land. 

Rapid Adjustment Farms: A Method to Demonstrate New 
Crop-Livestock Technology and Farm Management in 
Ohio's Appalachian Counties 
J. F. Underwood, W. P. Smith, and D. P. Miller 
Ohio Cooperative Extension Service, Jackson and Caldwell, Ohio, USA 

In 1969, the Ohio Cooperalive Extension Servi::e The RA Program has attempted to enroll youngerinitiate( its Rapid Ad justment (RA) Farm Program farm families who have a strong desire to farm, butto help promote commercial agriculture within because of underdeveloped or limited resources haveOhio's Appalachian counties. These whole-farm low farm incomes (Anonymous, 1974). Its purposedemonstrations, c:onductel over a five-year period, is to demonstrate that use of superior farm technologywere patterned after a program originated in 1962 and management techniques will rapidly increaseby the Tennessee Valley Authority (TVA) to give farm income. For five years, cooperator familiesintensive assistamce to selected farm families in the receive help from staff members in all applicableseven-state Valley Region (Pace, 1970). subject matter areas of the Ohio Cooperative Exten
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sion Service, coordinated by the local county Exten-
sion agent (agriculture). The goal is to develop 
full-time family farm units. 

Initial cooperator farms selected for the RA pro-
grain were located in the ungla(,iated Allegheny 
Plateau region of Ohio which has a temperate conti-
nental climate. Farm lind here is used mainly for 
forage an(l livestock prduction. These farms typify 
underdevcoped farms in the area. In Ohio, as in 
the l'VA region, cooperalor families receive limited 
financial assistance to help them make the necessary 
adjustments in farming operations faster than might 
otherwise be pmssible. 

Persons associated with RA farms in other states 
concur in our belief that selection of cooperator 
families is one of the most difficult and challenging 
aspects of lhe program. In Tennessee, Ray and 
I udson (1968) state that, "The operator's managerial 

ability is the most difficult facter t ievaluate bec:ause 
it is associated with his mental abilities and his 
psychological attributes." Stephen Allen. University 
of Kentucky. said they attempted to "select farms 
where we thought the farmer had the potential to 
do the right kind of management necessary to reach 
the optimum level of development for his farm" 
(Kurtz, 1972). 

County Extension agents and a committee of local 
lay persons usually nominate farm faimilies for the 
program. During a one-year proba tionary period 
which has been incorporated into the Ohio program, 
Extension faculty inventory the farm resources to 
determine if there is adequate land, capital, and 
management potential to form an economic farm 
unit. In addition, agents at tempt to assess the wii-
lingness of the potential RA family to follow future 
recommendations. A preliminary five-year farm plan 
is then developed to serve as a guideline for family 
ancl farm goals. The final step is the signing of the 
five-year agreement which joins the family, the Ohio 
Cooperative Extension Service, and sponsors in the 
cooperative effort. 

To assist the farm family make necessary farm 
adjustments, business and industry sponsors provide 
approximately $1,000 annually per farm by a (ombi
nation of money, fertilizer at reduced cost through 
TVA, or gifts of agricultural supplies. TVA has 
supported the Ohio program as a part of its national 
responsibility to develop and demonstrate new fer-
tilizer technology, 

These farms are permitted to purchase from TVA 
a quantity of fertilizer that costs approximately $500 
less than if purchased from local commercial suppli-
ers. In order to bring the annual sponsorship up 
to $1,000, each TVA-sponsored farm also receives 
$500 in money or supplies annually from local 
business firms or community-minded individuals 
interested in the development of agricultural re-
sources. 

The RA program includes some farms without TVA 
sponsorship. A large utility, the Ohio Power 
Company, contributed $500 per year for two of the 
farms considered here. The utility contribution was 
matched by local sponsors. All fertilizer for these 
two farms was purchased locally. 

This paper reports information obtained from 
seven farms that comnpleted the program between 
1973 and 1975. Fig. 1 locates the seven farms, six 
of which are within the Jackson and Belle Valley 
Extension Areas. 'able 1 presents names, county, 
size, and enterprise com binat ions for the seven farms. 
Three are livestock-grain farms and four are dairy 
farms. 
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Figure 1. Seven selected Rapid Adjustment farms in south
eastern Ohio. 

Agronomic improvements formed the basis of 
progress on each RA farm. Initially, soils on these 
farms typically were below p1l 5.5 and low in 
phosphorus (P). Frequently, corrective applications 
of potassium (K) were also required. Fertility and 
lime programs were developed by the area Extension 
agronomist conforming to Ohio State University 
recommendations. 

Fertilizer tonnage on RA farms increased suhstan
tially during the early years in the program, then 
tended to plateau or rise slowly. Use of the three 
primary plant nutrient elements varied within the 
five-year interval. Cooperators consistently had been 
using insufficient N, so its use rose sharply at first 
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TABLE 1. Size and enterprise mixture on seven 
selected Ohio Rapid Adjustment Farms 

Farm Size 
Croplanl & Pasture 

5th 
1st (Final) 

Family County Year Year Type of Farm 

ha 
E.Glenn Graham Gallia 122 114 Livestock-grain 


(hogs, beef, corn)

Trletr Grooms Adams 511 71 Liveslock-grain 


(hogs, beef, corn)

Larry 	 Muskingum 168 233 Livestock-grain 

McCutcheon (hogs, beef, corn, 

Richard 1). wheat)

alh-erson Guernsey 112 110I
Ray 1. Riegel ackson 117 t2 DairyDairy 


Joseph Rozsa efferson 53 5:1 Dairy 


Richard Tlaugh Monroe 41 40 )airy 

and stabilized during remaining years. Low soil P 
levels (often <22.4 kg/ha. Bray P-1) required high 
amounts of P early, with lesser amounts for mainte-
nance in final years. Soil exchangeable K on fields 
of beginning farms reflect ed past cropping l)ra:tices, 
Pastures often exceeded the desired 224 kg/ha level 
(neutral normal NI I.OAc) while fields formerly used 
for hay or grains generally required corrective K. 
Potassium usage increased sharply on dairy farms 
following the reseeding of ifeadows to alfaifa (Me-
dicago siliva L.) and orchardgrass (Dacllis glo-
ita(a L.). Meadows received an application of 112 

kg of 0-6.2-34.9 ferlilizer/lha each year for each 
[netric ton of forage produoction. Most fielts required
4.5 to 6.7 MT lime/ha to bring pl levels to 6.0 
for bluegrass, 6.5 for other grasses, and 7.0 where 
alfalfa was seeded. Iligh magnesium lime was often 
prescribed. 

Through field demonstrations, cooperators often 
introduced new agronomic practices in their com-
mnities such as no-tillage corn (Zea mavs L.), 
direct-seeded alfalfd without companion small grain, 
newer recommended forage, row crop herbicides, 
an( the sod seeding of forages. Primary emphasis 
has heen on proper use of lime and fertilizer in 
conjunction with improved weed control, variety 
selection, and other agronomic praclices rather than 
solely as soil fertility demonstrations. Alfalfa yields 
of 9.0 to 11.2 MT/ha have regularly been obtained, 
with some yields up to 15.7 MT/ha. Corn yields 
t lp to 10O9 quintal/ha were recorded, bIt yields in 
the 75 to fl quintal/ha range were more consistently 
obtained. These yields were nearly double county 
averagts. 

Farm management agents assisted with the reor
ganization of the farm resources into the most profit
able farming system. Their planning efforts were 
directed toward helping the families realize a rapid
and substantial increase in farm earnings. 

Extension personnel in other disciplines also made 
important contributions to the progress of RA farms. 
Agricultural engineers aided in facility moderniza
tion and new construction and offered suggestions 
concerning farm machinery purchases. Dairy and 
animal scientists helped upgrade livestock enter
prises. Extension assisted with animal',eterinarians 

health programs. 
Creating awareness of new and improved farming

practices among cooperators and other farmers has 
been a major educational thrust of the RA program. 

Simeral (1974), in a study of the spread of agricultural
technology and farm management practices outwardfrom three of the four dairy farms of this paper,
indicated, "most ideas gained were agronomic in 

nature and dealt primarily with fertilizer and spray
programs." County agents can cite instances where 
farmers were directly motivated to adopt some of 
the practices on their own farms. More frequently,
RA farms were just one of several information sources 
investigated by others before adopting a new prac
tlice. 

Each year these an(d additional newer RA farms 
in the Jackson and Belle Valley areas have been 
used for tour programs to inform others. In the six 
years, 1971-76, over 2 500 people visited these farms. 
Tour groups were primarily farm families, but others 
who attended included local governmental, agri
business, and agricultural credit personnel. Separate 
tours were condlucted for vocational agriculture 
teachers, farm supply and equipment dealers, and 
USDA agency personnel since they often directly 
advise farmers. 

Detailed farm planning which resulted in the 
reorganization of the business has been a significant 
factor in the financial progress of the RA farms. 
To implement the proposed changes in farming 
operations, all cooperators were faced with increased 
capital needs for permanent improvements and farm 
operating costs. RA farm cooperators found it easier 
to obtain credit needed to make the necessary farm 
improvements and investments when they presented 
the detailed farm plan to agricultural lenders. 

Fig. 2 shows the average annual capital investment 
for the three livestock-grain farms and the four dairy 
farms for the base year and the five RA program 
years. The capital investments include all farm 
business assets, excluding the farmer's personal 
residence. 

Average capital investrment per farm for the live
stock-grain farms was similar to the dairy farms in 
the base year. For livestock-grain farms the amount 
was $51,716; for dairy farms, $48,694. At the conclu
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$180,000 - sion of the five-year RA program, the average farm 
investment for the livestock-grain farms had in
creased to $171,584, while the dairy farms had an 
average investment of $124,425.160,000 -

A summary of annual farm incone in current 
dollars by farm type is shown in Table 2. Average 
income trends are given in Fig. 3. Gross income 

of the livestock-grain farms increased from an
THREE GRAIN 
LIVESTOCK FARMS average of $21,619 to $65,519, with net farm income 

rising from $7,346 to $19,888, a 170% gain. During 
120,000 - the same period gross income for the dairy farms 

/ 	 rose from $24,488 to $60,221. Meanwhile the dairy 
farmers' net farut income in(reased from anl average

10000 of $9,236 per farm to S13,310. a rise of 44%. 

F/ 	 Economic reports for this time period indicate that,
SFOURY on the average, real incomes for the RA farms 

increased substantially. This occurred despite (;ycii80,000D 
o/ cal price changes and other peculiar circuimstamices 

./ such as the energy crisis, fertilizer shortage, and 

large grain exports which caused major increases 
60,000 -0,00-t 	 in operating costs on dairy anl livestock farms. 

.- "" Livestock productivity, crop yields, labor avail
ability, use of credit, and level of management were 

40,000, I some of the factors which influenced the perfor
mance of individual farms given in "rable 2. Some 

steadier increases inYears in Rapid Adjustment Program families achieved earlier and 
farm income; than others. 

Figure 2. Average farm investment by type of farm. 

TABLE 2. Farm income summary, seven selected Ohio Rapid Adjustment Farms 

Base 1 2 	 4. 5 

Dair' Farmns 
uross iniome 

Farm A 534,048 $32,344 $40,521i $63,450 $6|,55:3 $14,080 

Farm B 20,081 25.140 24,060 :0,907 35,502 42,664 

Farm C 27.482 24,543 3(1,119 43,378 43,185 45,166 

Farm 1) 16,339 23.281 43,7(00 43,832 57,000 09,00 
Average $24.488 $26,327 534.744 $45,392 $51,160 60,228 

Net farm income 
Farm A S13,843 SI:1,192 $12,626 S26,0(14 $17,7110 $23,851 

Farm B 7,718 11,200 10,120 7,557 11,907 6,193 

Farm C 9.4211 3.557 7,639 18,529 11,821 7.694 
Farm D 0,058 4.991 13,700 17,060(1 12,000 15(0(0 

Average S 9,20:3 S 8,237 $11,02:3 $17.308 S12,629 $1 3,310 
Livestock-Grain Farms 

Gross income 
Farm A S12,554 $17,688 $20,113 $21,725 $,6.811 $65,8161 
Farm B 37,544 49.270 47,002 72,1104 118,81 79,595 

Farm C 14,759 21,829 25.942 17,944 :14,667 51,072 
Average $21,619 S29,596 $311019 $37,518 $60,627 $65,509 

Net farm income 
Farm A S 4,715 $ 7,120 S 7,3511 $ 5,235 $22,993 $:11,11o 
Farm B 11,557 21,015 11,427 26,521 61,134 5,270 

Farm C 5,765 6,460 6,914 713 17,522 22,5211 
Average $ 7.346 $11,732 $ 8,566 $10,1123 $33,883 $11,81111 
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70.0o0 FOURDAIRYFARMS THREEGRAIN-LIVESTOCK managerial skills and improved ability to communi-FARMS 

;ate with individuals and groups. In some casesoooo families also have increased their involvement in 
50,000community activities.40.000 n Extension personnel working with the RA programhave gained additional confidence in making agri
oo~oooHiI F clt ural reconmendat ions. This has helped main tain 

o0000 F leadership as a is qualifiedHsour estheir role educators 

,0.000 sources of information.
Since 1071, other RA farms have been estlablished 

ROF I 2 s 5 in southeasternYeArs in Rpid BASEI 2 4 
Ohio with key enterprises which3 5

2 include fruit, sheep, an(l containerized ornamentalYears i Rapid Adjustment Program shrubs. Most have not completed the program, so 

OoS INZ0ME] R '-NET FARMINCOME there is no summary hcre. Limited experience sug-
Figure 3. Farm income trends, gests that five years is too brief a period to establish 

viable tree fruit enterprises. Disappointing financial 
performance to (late for fruit farms has also been 
cause(d by recurring frost and winter freeze damageDairy farms coded B and C exhibited slower to fruit buds. The major problem with sheep hasin(rease in gross income than farms A and D and been the inahility of farm operators to properly

negligible improvement in net farm income during manage the rapidly expanded livestock enterprise.
the five program years. Increased operating costs Since its inception in 1969, Ohio's RA farm protnded to offset higher farm receipts. Farms [3 and gram has helped promote commercial agriculture

ide extensive improvementsC a in dairy buildings within the Appalachian counties. Cooperative Ex
an(l equipment. These changes were necessary to tension personnel have worked intensively with a(onlinue in Grade A milk production, hul likewise few selected farm families to demonstrate that use
greatly improved working conditions for hoth fani- of re(inmen(ted farm technology and management
lies. Farms B aodl C remain viahle dairy operations, te(:hniques can rapidly increase farm income. Suctwo or more years following graduation, despite (cess of the RA demonstration farm program ishighly competitive conditions in the dairy industry. dependent upon detailed farm planning, manage-
Two years after graduation, farm 13gross income ment ahility of the (ooperator, adoption of recom
increased to $55,000, although net farm income has mended crop and livestock production pract ices, and
remined below $11,000. (;ross i(:omne on farm C use of complete farm business records. The program
increased to $56,000 during the two years following has stimulated local interest in the development of
completion off the RA program. Net farm income agricultural resources. 
increased to $12,000 the first year and to more than 
$22,000 the second yv'ar after graduation. REFERENCES 

Lower livestock pri(:es constilutl the primary Aniunymous 1974. Rapid adjustmnent farms intOhio. The Ohio
ciIuse for the abrupt (rop in holh gross and net State Univ. Coip. Ext. Srr,I .

farm income for liveslock-grain farm [3 during the Kurtz, . 1172. 
 Rapid ,ijusnment oncept shows results in Ken
fifth programin year. The following year gross income IUK f t Sr. Rev. "34:6-7. 
rose to $1 1,4,570, with a net farm inc((ine of $18,530. Pa ce, W. V. 1972. Rapid ,adjustmentfarms in the Tennessee Vi1ley.

Charting the progress of RA farms was accon- TVA Bull. Y-11. 
plished by settingrttp and adopting a detailed rec- Ray, R. . and liudson. E. II.19ilt. T'nnesseesrapidadjustment 
o rd-keetping system. Records proviled(I needed in - prognili-iu Ivahution of the first .six fairtns. Univ. Tennessee 
formation for cash flow analysis, which is also useful Agr. Exl)[. Sta. lutll. 433.in pre:dicting financial needs. Good records were Sinmral, K. D. 1974. "'h rapid adjustment farm program's influr ce on other farms in the iollunity. Unpub. M.S. thesis, 
often it leciding factor in obtaining needed farm '[iw Ohio State Univ. 
(;red it. 

Comnpete farm a:ccounts obtained from the RA farm 
cooperators were analyzed at the end of each year
by utilizing the Ohio State University Farm BtLsi ness 
Analysis program. This year-end analysis provided
information to make needed adjustments in each DISCUSSION
farm operation. Keith Inskeep (West Virginia, USA). You stated inAlong with attaining greater financial stccess and your alstract that farms specializing in dairy or beefhigher standards of living, the RA cooperator families and/or swine with grain enterprises have shown
al the conclusion showed overall improvement in most overall progress. Those with major enterprises 
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of fruit and vegetables anid sheep have been less 
successful. I not:ice that you didn't comment on that 
in your presveitation.

is porti
Underwood. Thliorion was eleted today in theoral pre~sentation because of limited time. Our twvo 

sheep R\ farms now are only just over half way 
through the program so no economic information 
fromn them was included. These two cooperators have(le~lop~l xcelentagrnomil~~rg'inan.cothiy
developed exce'llent agronomic programs. Both 

families, however, have rlot heen souccessful ill tlt! 
niariagement of sheep enterprises originally predi-
cated on rapid increase of flocks to 400-500 ewes 
t) Iain h thrte tinres within a two-year interval. 
Cooperators were not iable to copte with thes' ewe 
numbers, so flocks ire being itduced and other 
enterprises such isbee,. vegetahles. andt corni pro-
d ucltoi expllrled. 

J*xperinc( with three fruit R:\ farns has demion-
strated thal five yealrs is just too short a period to 
esstablish a viahble fruit 1interprise. Local retilil sales 
and pick-your-ovwn wa,,,isplanned for production from 
strawberry. ipple, peach. ind grape plantings, 
Strawberries were to provid(e somer income while 
grapes and trme fruits gradually :arne into protluc-
tion. High density planting of peaches iand of apples 

54. 

grafted to dwarfing rootstalks were made to maxi
mize early tree fruit production. Unfortunately, ex
treme winter (:old or spring freezes have resulted 
in nearly complete loss of peaches in five of the 
last six years. Yields of apples and grapes weresinfatlreltdhypigfees.tawris
 
significantly reduced by spring freezes. Strawberries 
were saved from frost in jorv by timely irrigation.
As a result, these farns have been disappointing 

eveev when st~lplernle;rted liy income from 
other enterprises of vegetables, grain, and livestock.
Expenlses would have exceeded receipts in earliest 
ears even with favorable weather. 

E. 1. Nesius (West Virginia, USA). What are your 
plans in the future for these farms? 
Underwood. We want to continue to work with RA 
cooperators but on a less formal and intensive hasis. 
(ho' Dean of Agriculture has l)romised graduiated 
farmers and wives a trip to the Tennessee Valley 
Region alpproxinladely two years after graduation. 
It encourages continued l(:l(e cooperation with Ex
tension. Four of the families r-ported on here took 
such ittrip in August, 1975, where they viewed 
TVA fertilizer research and development activities 
at Muscle Shoals, Alabama, and visited RA farms 
in three !alley states. 

The Economic Implication in the Application of New 
Techniques to Hill Sheep Farming in Scotland 
T. J.Maxwell, J. Eadie, and A. R. Sibbald 
Hill Farming Research Organization, Penicuik, Midlothian, Scotland 

Perhaps the most serious econo-mic (:onstraint on 
hill sheep farming in the United Kingdom (UK)is 
tle small size of the average hill farm business. The 
output from traditionally managed hill shep farms 
is often too low, in relationship to costs, to provide 
an adequate net farm income. 

Though the renting of additional land, where 
possible, may be an attractive proposition, the pur-
chase of additional land at present costs is unlikely 
to be a feasible means lor a general improvement 
in economic status. A more widely applicale means 
of increasing the size of the hill farm business is 
by means of intensification; that is, inicreasing output 
in a way that is economically worthwhile to the 
farmer who undertakes it. 

An analysis of the hiology of hill sheep farming 
and a synthesis on which much of the work on 

intensification (if hill sheep farming systems in the 
Hill Farming Research Organization (HFRO) has 
been based, has been outlined elsewhere (Eadie and 
Maxwell, 1975). 

The key to the intensificat ion and in(;rease in 
output of hill farms in the I1K is land improvement 
(Earl ie, 1971). There exists a wide range of hill land 
improvement techniques, from the improvement of 
existing hill pastures by grazing control (only pissi
ble on some hill pastures types), to the replacement 
of existing vegetation by the upgrading of soils anui 
the introduction of new species by seeling (New
bould, 1975). 

Land improvement requires the investment of 
capital and, usually, investment in increased stock 
numbers also is involved. The provision of capital 
on the hill farm is difficult because of low income 
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an(l (he high rates of interest charged on loans. There
is a point beyond which the need to service the
capital expenditure would give rise to short-term 
cash flow problems from which ultimate financial 
recovery would be difficult. In developing improved 
systems of production the economic constraints areas inportant as the Iiological constraints, 


Intnsification usually about
brings changes in
variable costs, 

The intensification of systems of hill sheep pro-
(Iticlion leads to a significant increase in the use 
of prchasud cereal/protein feeds prior to lambing.The provision of homegrown feed on hill sheep farms
is limited by the availability of land suitable for
this purpose. Between 1962-74, the cost per unit
of bought-in feed increased atby least 100% The
significance of feed costs is such that while it has
been shown in IFRO studies that stocking rates 
can be appreciably increased by off-wintering or
in-wintering, the conseqtuent increase in feed costs 
cannot b sustained by the value of the increasedoutput in current circumstances. 

Land improvement brings about increases in ferti-
lizer costs. Repeat applicat ionsi of lime, to maintain 
suitable p1i levels, and basic slag or rock phosphate
to maintain ad.Iequate phosphate levels on reseeded 
land may he necessary every four to five years.

Intensification of pastoral systems of animal pro-
(Iuction may tenl to increase th risk of disease,
It is therefore important to implement a comprehen-
siye prograin of conlrol thisdisease anid is likely
to increase veterinary costs, 

Improved pasture, to be effectively utilized, re-
quires fencing, which in time will lead to increasedfen(c ma intenance costs. 

Fixed costs will not usually iiwcrease as a conse-
ctueulce of intensification. Indeed the whole strategyis (](esign(el to spread existing fixed costs, and partic-
ularly labor costs, over a sul)stantially larger volime
of output. 

The practical economic issues which have to betaken into account in the development of improved
systems of hill sheep production (;ani best be demon-
strat[I( by reference to two studies. The first relates 
to a grassy hill on the ()rganizalion's research slation 
in the e!astern Cheviots. and the second is on its 

MAXWELL, EADIE, AND SIBBALD 

Lephinmore station in Argyll, on blanket peat. A 
more detailed description of the land resources, the 
management and changes in output is given in a
companion paper (Maxwell et al., 1976).

The important initial decisions relate to the area 
of land to be improved, sites for improvement a ud improvement procedures. In the Sourhope study it 
was decided to limit the initial objectives to better 
utilization of the existing indigenous paslures. On 
a unit of some 28:3 ha a total of 80 ha Agroslis-Fesluca 
pasture was enclosed over a three-year leuriod. 

Table 1 gives data on the )hysical and gross marginresults from 1969-75, from which it is clear that
there has been a considerable iml)rovement in gross
margin. Improvement in gross margin has come
about by a substantial increase in the output of lamb 
and thqugh costs have increased, particularly thoje
for feed, these have been more than offset by the
increase in gross output. The increase in ewe
numbers also has contributed significantly to in
creased output.

In presenting the financial results of the studies 
the gross margin analysis has been done on the basis
of fixed prices and costs at 1974-75 levels. This 
removes the effect of the variation in prices and 
costs which overtook place the period. A realistic 
between year comparison can then be made of the
changes in the value of the inputs (variable costs)
and the changes in gross output.

However, gross margin analysis is of limited value 
as a means of judging the viability of a project in
which capital has been invested. It provides a useful 
means of assessing the likely impact of improved
 
Output on net farm income but it does not provide
information on the impact of the various changes 
on the liquidity of the business. A cash flow analysis 
is necessary for this purpose (Table 2). This analysishas been (lone using the prices and costs prevailing
in each of the years of study. This provides a true
basis on which the investment program can be 
assessed. 

The increases in output achieved from 1969-73 
in his study were obtained as a result of limited 
capital investment in fencing.

The net annual cash flows become positive in the
third year. The maximum overdraft occurred in the 

TABLE 1. Physical and gross margin results-Sourhope Development, 1969-75 (all at 1974-75 costs) 

tyPi-rv i9619 1969 1970 1i71 1972 1973 1974 197.5 

I:%%.(. rsII h :1117 3911 ,15 I 51 iI 5211 573 600 601 
TWA w iJghl iof t"1in1wvI.Jild (kg! 5 7:12 7 7115 9 1119 14 1711 14 0411 14 19: 14:129 16042(;[lss Iitpitn (l;) 47:17 .1:75 51014 7173 7289 81094Variatite cosis (:1 11219 86339,57 11122 21101 20:1 2451 27:131 2787(ross margin (1:) 37811 2459

25531 2503 5160 418311 5361 5432 6174 
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TABLE 2. Cash flow analysis (C)-Sourhope Development, 1969-75 (using actual prices and costs) 

Ihiml 1969 19,70 

(1,0gi ill gross mIrgin - 655 -587 

(a p i la I 474 180 

Chanllg illtax -29 

lnvrtst 36 1119 
Nvl annul cish flow -1165 -- 927 

II,111:cv -1165 -2092 

Valuation of extra stock 


set:ond year and had it not been for high inputs 
of feed in 1970, (Itt to proloingel winter storm 
conditions, a positive cumulativte bhliance would 
have,( been at:hievedl in 1972. lly 1974 the, c.lmulItiv, 
balaMt:e wis stu:h as to enale , further in\vestllent 
to be mi.le in lnd imiprovenIlett. ll(crtesvs in owe 
numbers we.re ill lintlaid oit )tcash flow foml 
1969-75. fi 1975 the valu,ti(1 (t extra stock 
atmounttd to E3.91). T(,1A capital iMveshteL ill land 
improvement od fencin, was Q2.818. 
()inthe blalnket pwt at Lphinmiore land inprove-

Ilnt s Iasb!el ini the form of 'eseedeld pastot'. Of 
the trital 444 ha, 50 hat h,ve Ii!eit itiprov(,d: 14 ha 
of it is totally enclos(,d ws .(i(i lstuIII), ind the 
remtinder is distributed in , msil.: (4i inlproved 
paiches ilmlntin i(to.qnle 20:1, ot Ow totll einclosed 
aret. ('l'able iresents the physic,l .n(] gross margin 
data from 1969-75 at 1974-75 pri(c.s ,ind!c(osts.) 
Most of the land improvenfleint had be n completei~d 
at the start of this study ind it was estimated from 
previous costs, prices, and investments that at the 
end of 1968 a positive cunilativ balance had ben 
achieved. The (;ash flow andysis (Table 4) takes 
this into account (actual prices aind costs for each 
year used). 

There has been itsobl)stantitl improvement in gross 
margin, which has come about from the increase 
in outpul of limb per ewe and from the increase 
in ewe numbers. Though feed d (ther costs have 
increased considerably these have been more than 
offset by the increase il,gross (ltput. The net annual 
cash flows have been positive throughout the period 
1969-75 and the cumulative balance has increased 
successively over the period. In 1972 and 1973 it 

1971 1972 1973 I174 1975 

874 1050 20(62 1443 2394 
3 5 1792 337 

-89 -133 -918 -50 - 699 
314 216 75 115 25 
649 967 2050 -434 2731 

-144:1 -476 1574 1140 3871 
+1900 

was possible to undertake further land improvement 
without incurring an overdraft. The value of the( 
extra stock was estimated to he E2,495 at the e(d 
of 1975. Total capital investmenlt amounts to about 
I,5,000 At 1975 costs. 

Both of these examples denonstrate the economic 
viability of atn ilmlproved system of hill sheep pro
duction based oil capital investment in land ilm
l)rovenelt in these environments. The Sourhope 
exiimple, inl)arti(:ultr, dmIofstraltes howva relatively 
small initial investm(It (:an lead to a siltation ill 
which mutich greater investiment (:anlbe nlad( ind 
icese(, in titput at:hieved. 

It beceiit clear in the early stages tof thes' studies 
thafta much widei appreciation of the variouis fictors 
affecting economic viability of investments ill hill 
shep farming was nlecessity, all)ng with a ready 
mlelris tfexamining alternative improvement strate
gies. Variations in levels of capital investment atnd 
the timing of in.vestments in terms of the otput 
requiredt(o justify sutch investments were exanitlel, 
although the prediction of aii11tal olttpit in re ponse 
to land improvement ina range otfhill conditions 
can only be made in.general terms. 'rhe! semsitivity 
of the financial consqtuetlt:es of assumptions ahouit 
levels of output, prices, and costs alsowre(uired study. 
A program has been dtesigned for this purpose for 
tse on multi-access at Othe system the dI'dinburgh 
Regional Comiputing Centre using aln ICL -/75 
computer. Access is byItletype (Sihbald and Max
well, 1975). This allows it,, operit or toi make jttdg
ments about Iris results, chanoge the input (lila aind 
instantly compote atfurther set of results. 

TABLE 3. Physical and groas margin results-Lephinmore Development, 1969-75 

Item 

Ewe numbers 
Total Iamb weight weaned (kg) 

Gross output (C) 

Variable costs (iC) 

Gross margin (1E) 


(a1i at 1974-75 costs and prices) 

Pre-I 957 1969 1970 171 1972 1973 1974 1975 

205 339 3161 373 384 422 433 4:1 
31050 7207 (50l 1(26i8 t 9924 112111 101170 9(6:12 
1703 31(10 3 5 0: 3972 39149 4199 4280 41152 
11115 1767 118411 1(149 1918 230) 2711 23615 

1018 1:13:1 1055 21231 203 1 11109 1569 11t17 
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MAXWELL, EADIE, AND SIBBALD 
TABLE 4. Cash flow analysis (f)-Lephinmore Development, 1969-75 (using actual prices and costs) 

Item 1969 1970 

Change in gross margin 102 376 
Capital 
Change in tax -43 -12 

Interest 

Net annual cash flow 
 145 388 

Hailance 
(o306 from 1968) 451 839 


V/ahln ion (if extra stock 


The first section of the program deals with physical 
outputs and stock number adjustments. If stock 
numbers are to be increased, the program carries 
out the necessary calculations. On completion of 
stock number adjustments and the calculation of 
flock output (lambs, wool, cast ewes, etc.) the flock 
gross income for each year is calculated. The gross
annual cash flow is then calculated. This comprises
the marginal gross margin net of changes in fixed 
costs. The net annual cash flow is the gross annual 
cash flow less capital investment. The end year
balance is then calculated. End year balance equals
last year's balance plus net annual cash flow plus 
or minus interest. Interest is either "paid out" in
the case of negative balances or "paid in" in the 
case of positive balances (this assumes re-invest-
ment). The program can also take account of tax 
if required. 

Analyses of systems which include cattle may also 
be performed. At present the program can deal with 
a stated nunber of cows yielding a stated gross
margin which may be varied in relation to changes
in output an] their associated costs of production.
Cash flow and liquidity, net present value, and 
internal rates of return are presented. 

The interactive capability of the program enables 
changes to be made to sotne of the inpu data, e.g.,
stock increase pat!erns, weaning percentage, levels 
of feed inputs, etc. When dealing with a particular
cas! the programn can be re-run at will. 

The criteria used for judging the viability of 
projects are the total capital requirement, the period
of years before positive cash flows and positive
balance are achieved, the return on investment, and 
the ultimate increase in net farm income. 
The anount of capital and the level and period

of overdraft which is (Ieened feasible will be mich 
influenced by the reaction of the bank manager or 
lending agency. They will be concerned about se-
curity, but in) the UK it isnot possible to define 
in general terms what the level of security required 
may bte. (In terms of the project data, we have come 
rather Ietatively to the conclusion that levels of 
overdraft should never exceed the immediately re-

1971 1972 1973 1974 1975 

801 642 1334 665 
1(O0 684 

-12 -12 -35 -220 -2 
8 47 

813 546 638 885 432 

1652 2198 2836 :1721 4153 
+2495 

alizable assets, ie., the value of the stock, but this 
may have little relevance to the requirements of a 
specific lender.) 

To examine and compare alternative policies for 
the best use of capital the net present values (NPV) 
are used. Because capital is invested differently in 
time between projects the conventional investment 
appraisal technique has been modified. Comparisons 
are made on the basis of a "notional" capital require
men! which takes effect from the beginning of the 
project. This has been done by discounting to the 
project's start any capital invested at a rate which 
would reflect the returns on that capital during the 
years it is not used in the project.

The period of capital investment appraisal will 
depend on when the expected changes in cash flow 
will take place and also will be influenced by the 
period over which capital will have to be made 
available to the project. It seems reasonable in hill 
farming to examine periods of ten years, though
in some cases where capital loans are taken, shorter 
periods of appraisal may be more appropriate. 

In using NPV, alternative rates of return should 
le examined. -ligh rates vil1 favor projects in which 
most of the capital is invested early, whereas low 
rates wil11 favor projects in which most of the capital
is invested later. This procedure is particularly
important if one project in which a large amount 
of capital is invested in the early years is being
compared with another in which a large amount 
is invested much later. Such a procedure is doubly 
important in using the "notional" capital modifica
lion. 

At the present on the basis of marginal capital
investment, a rate of return in excess of 151% must 
be achieved for most types of investment. Invest
ments will always be subject to risk and the estima
tion of risk for a project extending into the future 
will inevitably be subjective and the responsibility
of the decision-maker (Reutlinger, 1970). It may,
however, be sufficient in the case of projects which 
are considered to have poorer chances of success, 
to proceed only if substantially increased rates of 
return, say 25-30%, are to be expected. 
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Our stulies of various project possibilities confirm a limit to the rate at which improvement may be 
the expectation that the relationship between the allowed to proceed, if negative cash flows are not 
amount of capital invested, the year of investment, to be allowed to reach levels from which ultimate 
and the expected rate of increase in output has a recovery is extremely difficult. This is especially 
major effect on cash flow. The examples in Table so where increased output dlepends upon increases 
5 demonstrate that though two projects may have in stock numbers which take time to generate and 
ver' similar rates of return and NPV the patterns which result in income teimporarily foregone. 
of iiquidity are very different as a consequence of Generally, comparatively small amounts oif capital, 
the different timing of investment. It might be argued invested in lantl improvement, for example, are more 
that increases in output would occur earlier in Project likely to involve oly short periods of negative 
2, hl since much of the output is generated from balance on overdraft and ultimately give rise to quite 
increased stock which is dependent in part on substantial cash flows. Large amounts of capital, onl 
improved animal performance, it is unlikely, the other hand, particularly if invested all at once, 

Actual rates of stock increase depend on a number can produce very difficult cash flow problems even 
of factors: the rate of pasture improvement, current where they give rise to quite large increases in output. 
flock weaning percentages. and weaning weights. High levels of capital investment must be spread 
Buying in extra stock may be hazardous from the over a number of years and mate at times which 
point of view of introducing disease. are closely related to expected increases in output. 

Stock purchases made early in the life of a project The various conclusions suggest a strategy of 
will increase the level of capital investment and improving net farm income initially by means of 
may therefore exac:erhate cash flows, andt the effect comparatively low levels of capital investment. The 
of purchases on bank overdraft must be considered investment, after a few years, will give rise to 
bt early increases in stock numbers also will allow increasing end year halances (prov idled price/cost 
an early potential increase in output from the flock, relationships remain the same); further investment 

Though the projects are hypothetical they are by he made from cash if the return on(:all flow. E'ven 
no means unrealistic. Both show the potential im- this further capital investment is low, it may never
provements in net farm income that might be expect- theless give rise to a large increase in net farm 
ed from an increase in gross margin which (can follow in(ome. 
from capital investment in improved land. The program also c;an be used to perform a sensi-

On many hill farms the amount of potentlally tivity analysis. IHaving satisfied the objectives of a 
improvable land which is accessible to machinery particular investment program in terms of perfor
is considerable. The major constraint t o the rate at man(:e targets it is essential that it be examined 
which land is improved in such a case is not a against changes in product andl input costs. It is 
technical one; nor is it a lack of potential response then possible not only to determine the solutions 
in animal output. It is often simply that there is at fixed prices an(t costs but also their robustness 

TABLE 5. Summary of outputs from Projects 1 and 2 (original flock gross margin (GM)-1;2061) 

'roje.t I 
Year 1 2 3 4 5 6 7 It 9 10 
Stock number 251 261 2114 300 :1(12 3112 3261 35 :151 :151 
Weaning percent 70 8t0 90 1i0 105 lii 110 110 110 110 
Capital land improvement 500 0 500 0 0 1000 D (0 0 0 

Capital stock increase 107 91 20 0 11 2111 64 00 0 
Flock GM 18112 2065 2535 2901 2954 28:32 :1472 '3540 3729 3531 
Cumulative balance -904 -901 -1039 -2211 249 - 643 751) 1187 3280 4487 
rotal discounted capital-C2084; NPV at 15'-f;264: lRR'-16.89% 

Project 2 

Year 1 2 3 4 5 6 7 It 9 10 
Stock number 250 261 210 300 326 351 352 :151 351 :51 
Weaning percent 70 80 9(1 100 105 11() 110'1 11(1 110 111 
Capital land improvement 2000 0 0 0 0 0 0 (t (1 0 

Capital stock increase 59 118 171 16 34 0 (1 (1 ( (3 
Flock GM 1882 2061 2421 2794 3249 2557 :31677 3619 :31177 31124 
Cumulative balance -2574 -2373 -2350 -2047 -1183 -1174 :374 1492 2772 ,4277 
Total discounted capital-C2317; NPV at 15%-1250; IRR1-16.60%. 

'Interest return rate. 
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TABLE 6. Sensitivity analysis of Project 1 to a
change in lamb selling price in range ±15% 

lrice cha ngr I15"1, f 10*" 5f1:, 0 1..5 ,1 -1 - ',,
NPV at 15 '! (1) 1111 !)i11 22 214 15 - 112 -7 0 
(;M (y vir 10) (;) : 15 374 :111:1:11 01 35 o 07 :1251 :1107 

at varying prices and costs. Table 6 shows the effect 
of a change in lamb price of ± 15% for Project
1 (Table 5). This is not a dramatic shift in price
but the change in the NPV of the project is sensitive
to a shift of ± 5%. If the sole criterion in the choice 
of a project is that which makes the best ise of
capital, this project is unlikely to be chosen. The 
end result of the investment in terms of gross margin
is affected by approximately ± I Y%for the ± 151!%
shift in lainh price. 


A sensitivity analysis will help to assess the degre 

o f risk th at m ay h ave to be tak e np~artli:uIa r in to acco u n t fo rlProjects andl in this resp~ect Inay red (:
he level of sujectivity that is inevittle in estmat-ing risk, 


The development 
 of improvedl systes of hill
shep vrodloction in the IK is 
 constrained sohly 

by biological or technical factors. An 


yot 

important

aspect of the development of the hills is the need 

to service a f:lpital investment in the initial period

of the development. We believe that this problem

may not e unique to hill sheep production or to

the UlK. If it is necessary anid desirable that the hill 

and mountain regions of the world be us(d for the 

prfifd:lcion of food, then consideration may have
to be given to means whereby projetcts of this kind

(:an obta in favorable financial arrangements in their 

early fdevelopment. 
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DISCUSSION 
R. W. Brougham (New Zealand). Do you come to
the (con(ilusion that small capital inflow in :he
tevelhipnpt plan, as you've outlined as being the 
ideal, just applies over the period of this study or
would you argue that it has applied in time past?
In projectig ahead You're suggesting small inputs,
In rtwill it he that way in say five or ten years?

M a w ell i thk a n s ayr fi v ey or t n ye s .Maxwell. I think the answer to your jtlest ion is yes. 
I left out consideration of future trends and price-costrelationships. For the two projects which I had,hypothetical projects, one t.an look at the sensitivity
of changes in, for example, 
 the price of lambs, and

he will see that for project nomber one, that a 5%
 
thinge in 
 la!) price wvill in fact prove that if the

thing, was on a capital basis it would provide 
 a 
negative net present value. 
A. W. Pantall (New Zealand). You mentioned a
 
return of 15% foncapital. Could you tell us what
 
the interest rates being charged to farmers for bor
rowing capital is? Is that 15% over and above afterinterest has been charged or is that the amount of 
money that is going to be left that would meet interest
 
at whalever interest rates prevail?
 

Maxwell. The 15% would now-of-days represent,
perhaps, a slightly greater rate of interest than wouldhave to be paid for borrowed t:apital. The agricultural 
lending agencies in the UK at the moment are askingsomething in the region of 13 or 14%. So that when1 say we want 15%, this is a means of paying back 
the capital and the interest if, for example, one were 
going to a werelending agency. The projects thatgiven by way of example, the two that I gave-theSourhope farm, for example, is giving well in excess 

of 15% and we reckon that this, over the years,has given something like an increase just over 20%. 
The Lephinmore one, which is in the rather poorerhill farming area, is probably giving somewhere in 
the region of just less than 20% but that was why
I mentioned 15%. 
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55. 
The Allegheny Highlands Project: An Experiment in 
Packaged,Team-Approach Technology for Hill Land 
Livestock Production 
L. Balliet 
West Virginia University, Morgantown, West Virginia, USA 

In Mar,'h, 1970, the Rockefeller Foundation grant-
ed S498,000 to West Virginia University to be used 
over four years "toward the initiation of an experi-
mental program to alleviate poverty in Appalachia." 
' date, the Allegheny Highlands Project represents 
a six-year effort to implement innovative technol-
ogies for the production 11nd marketing of sheep 
and beef cattle in a mountainous area of the United 
States where agriculture was once strong and pro-
ductive but has recently fallen into decline-in part 
due to mechanization not applicable to hill land 
farms.' 

Organization and operations of the Allegheny 
Highlands Project hav(- focused attention on four 
interdependent aspects of the typical livestock 
operation, namely: forage and crop production; live
stock selection, breeding, anti marketing: animal 
health care; and overall record keeping and farm 
planning. The Project has attempted to channel the 
latest knowledge and techniques for grassland live-
stock production into a package, team approach 
involving maximum assistance and accessibility. 

As implied in Fig. 1, the Project's package, team 
approach is based on the assumption that the tech-
nological potential for dramatically improving re
turns to hill land livestock production is contained 
within the framework of existing agricultural agen
cies and institutions and that difficulties experienced 
by hill land farmers are largely the result of inade
quate exposure to appropriate technology. 

The Project field staff (agronomist, animal scien
tist, farm management spe'ialist, veterinarian, and 
assistants) works directly with cooperating pro
ducers, with assistance from resident agricultural 
faculty at West Virginia University, county Extension 

'The Allegheny Highlands Project was originally funde.d to 
operate in two east-central West Virginia counties (Randolph 
and Upshur). In 1975, the Rockefeller Foundation dnd Wf!st 
Virginia University re-funded and expanded the Prrj,'t into 
seven additional counties (Harbour, Grant, Harrison, Lewis,,,r 
Pendleton, Pocahontas, and Tucker) contiguous with the oi iginal 
two. This paper is based on an in-depth economic, social, and(.,]' 
attitudinal evaluation of the Allegheny Highlands Project ;on
ducted by the Office of Research and Development. West Virginia 
University; survey and interview data collected for that evalua. 
lion provided much of the information contained in this paper. 

agents, and other federal, state, and local agencies 
involved in the farm community. In addition, the 
agricultural business community has demonstrated 
support by donating materials such as pesticides, 
pharmaceutical compounds, and supplies for spe
cialized breeding of livestock. In all, the Project's 
organization and operation imply an integrated sys
tens approach to the rapid introduction and assimi
lation of technology beneficial to hill land livestock 
producers. 
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Figure 1. Organization structure of the Allegheny Highlands 
Project. 
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PROGRAM EXPERIENCE OF THE ALLEGHENY Livestock Production and Marketing ActivitiesHIGHLANDS PROJECT In spite of a drop of approximately 50% (from
Agricultural statistics for 1969 show the nine- a high of over $1 3 0 /q) in feeder cattle prices betweencounty (13 146 square ki) Project area with 5390 1973 and 1974, which created severe financial hardfarms, 107 500 cattle, and 77500 sheep. Average farm ships for beef producers, substantial prog:ess hassize was 93 ha; average farm value was $24,366. been made in livestock production and marketingThe value of all farm producls sold in 1969 in the in the Project area. On the average, cooperators haveProjert area was $19,091,651-an average of which expanded their herds and/or flocks by 11% (fromapproxinmately 50% was derived from sales of live- 1761 to 1951 animal units). Qualitative improveslck mid livestock products. ments include the purchase of some 40 superiorProject cooperaltors are chosen from farm-resident beef cattle and 200 ewes and rams, greatly enhancingmales, preferably under age 40 but not over age the caliber of breeding stock. In addition, several65, located in the project area. Cooperators must cooperators have replaced "purebred" operationshave at least 20 ha of open land sutitable for forage with planned programs of crossbreeding. Perforanti (:rop production an(d must be committed to mance testing records from cooperators' herds andowning at least 20 animal units (100 ewes or 20 flocks indicate that kg of marketable calf/lamb perbeef cows, or a combination of ewes and cows) within cow/ewe have increased for some producers as much 

a year of joining the Project. While participating as 20, over the last five years.:in the Project, cooperators agree to "apply new Although the Project has not attempted to altermethods, new technologies, anti new ideas [with] basic market mechanisms in the area, it has workedthe purpose of increasing income, reducing work to enhance the position of producers in the traditionper unit of product, removing hazards, and improv- al marketplace. Sheep producers are now sellinging living." In theory, the farm improvement pro- lambs by telephone auction through a three-stategram (leveloped for each cooperator involves coordi- marketing cooperative. Project staff also have beennated analysis, planning, and integration of the four instrumental in the reorganization of livestock assoareas of lroduction and management mentioned ciations and the renovation and operation of stockabove. In practice, as described below, some areas yards in one county.have received more attention, with better results, Animal Health Care Activities 
than others. 

At the outset of the Project, many cooperators were
Forage Activities faced with serious animal health care problems. 

Members of the Project field staff have 
Initial efforts were devoted !o the most immediatespent and critical situations, with the intention that theconsiderable time with cooperators and other agri- value of preventive health care practices would becultural groups, promoting better soil management most obvious and readily adopted by those producersand agronomic practices. Most cooperators had never with a crisis at hand. Simultaneously, a comprehentested their soils on a regular basis. Few had had sive program of disease prevention was disseminatedtheir hay and pasture production analyzed for species on a continuing basis among Project cooperators.anti nutritional content. Little attention hadIbeen Steady improvement has occurred in the use ofpaid to keeping accurate weather records. The Proj- routine health care measures, especially in the conect's forage program has provided these and other trol of internal and external parasites. Recently,services virtually cost-free and, with assistance from however, this trend has slowed, due, in the opinionthe Agricultural Stabilization and Conservation Ser- of field staff, to cooperators' efforts to cut costs duringvice, the Agricultural Research Service, and the Soil a time of higher supply and lower market prices.Conservation Service, has succeeded in greatly in- In addition, considerable research and demoncreasing producer awareness of the need for con- stration effort has been devoted to particularly diffitinuing sound agronomic management systems. As cult problems in the Project area, such as controla result, forage and crop yields have increased as of foot rot and a rare "brain worm" (Parelaphos-Much as 40(! but, partially as a result of unfavorable trogylus tenuis) carried by white-tailed deer which,weather conditions and rapidly rising costs of lime when contracted by sheep, severely damages theand fertilizer, have fallen short of Project goals." nervous system. 

During Ihe first five years of Project activities, cooperator corn ln 1975, Project herds and flocks produced an average 176.8grain ard corn silage yields showed some improvemen, averag- kg of calf/cow and 49.4 kg of lamb/ewe. The range of weightsing 716.5 q/ha a d42.6 MT/ha, respecilvely. Hlayyields increased from individual producers was 137.4 kg to 220.0 kg for t.alvesfrom in average (if 5. MT/ha in 1971 io 7.1 MT/ha in 1975. ;rmd 29.) kg to 115.7 kg for lambs. 
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Record Keeping and Farm Planning Activities 

Cooperators are obligated to participate in a le-

tailed system of data collection and computer analy-
Accounting (ELFAC)-cover-sis-Electronic Farm

ing inventory, receipts andl expenses, crop produc-

tion, livestock production and use, and family livingexpenses. Records kept by each farmer aree"e o 

prepare income tax summaries, operating statements, 
and comparative business statements. 

Although record keeping and farm planning activ-
overall program,ities are considered vital to the 

the Project has been relatively unsuccessful in these 
be-areas.4 Survey and interview data indicate that 

cause the Pre4 ,!ct was without a full-time farm man-
agement specialist for nearly four of its first five 

years, the absence of continuity in farm management 
impression amongactivities fostered the mistaken 

and farmmany cooperators that record keeping 
were less important than forage/crop,planning 

addi-livestock, and animal health care programs. In 

tion, the sensitivity and reluctance of cooperators 
to disclose their personal and farm business finances 

to a quasi-governmental project was apparently ex-
and the resultingacerbated by personnel turnover 

lack of trust that only time and close personal 

relationships can build. 

Additional Activities 

The Project staff has attempted to promote and 

disseminate the Allegheny Highlands "philosophy" 
in the larger agricultural community through 
various additional activities. Well-attended public 
"field days" emphasizing innovative technology and 

general farm education have been held on the farms 
of several cooperators. Informational displays have 

been developed for use at agricultural meetings and 

at public events such as state and county fairs. 
Finally, considerable time and effort have been 
devoted to field research, demonstration, and educa-
tion (speaking engagements, etc.) both in and beyond 
the Project area. 

SOCIAL AND ATTITUDINAL IMPACT OF THE 
ALLEGHENY HIGHLANDS PROJECT 

The ultimate objective of the Allegheny Highlands 
Project is to enhance the economic and social welfare 

4 Although all cooperators agreed to furnish basic operating data, 
many have been lax in doing so. Several have failed to provide 
sufficient data for even minimum ELFAC analysis: one cooperator 
provided virtually no data between 1970 and 1975. The Project 
also failed to meet its commitment to develop appropriate farm 
plans for cooperators: less than ten plans were completed between 
1970 an6 1975. 

of the farm community.: Thus, livestock producers 

are assisted in adopting new technologies, where 
depends heavily on sociocultural factorssuccess 

related to but not directly involve(d in the physical 
processes of pro(luction. For example, such attitudi

nal intangibles as self-image, optimism about thefuture, and personal satisfaction from work are conc.uei indlicatlions onyof pvioos experince(rete not 
only preo experec 

but also of present and future performance. In these 
Project hasrespects, the Allegheny Highlands 

apparently made a significant impact among its 

cooperators and in the larger farm community as 
well. 

years,Field studies show that over the last five 
confidence levels regarding the possibility of build

a sucessful livestock operation have increaseding 
for cooperators and are now higher than those of 

of pernon-Project farmers. The expressed amount 
sonal satisfaction derived from farming also has 

increased. On the whole, cooperators feel that their 

reputations as farmers have improved as a result 

of association with the Project. More than one-fourth 
now more active in agriculturalstate that they are 

involvedcommunity affairs. Several have become 
in area agricultural organizations for the first time, 

some being elected or ap!pointed to office. 
Closely associated v .th matters of image, personal 

satisfaction, reputation, and involvement has been 
the influence of Project activities and] personnel on 

cooperators' families. A majority of cooperators feel 

that the Project has been beneficial in this respect, 

especially among their c-hildren. A number of 

cooperators state that, as a result of contact with 

the Project, their sons and/or daughters have de
cided to pursue careers in agriculture. 

While not explicitly noted in the Allegheny High
lands Project's program literature, the goal of remov

ing traditional barriers to the acceptance of new 

agricultural technology has been implicit in its 

demonstration approach. Rural residence and farm
ing as a way of life are widely held values in 
Appalachia, and obviously many are farming as 
much for personal satisfaction as for profit. One 
important achievement of the Project has been to 
demonstrate that these two goals need not be mutu
ally exclusive. At this point in the experience of 
the Project and its cooperators, increases in both 
income and satisfaction have been evident in specific 

'When Ihe agriculture portion of the llegheny Ilighlands Proiect 
began, West Virginia University ini.iated a community hevelop
ment phase for the Projeie. Programs involving emergency 

medical services, the arts and humanities, andl wastei lisplosal 
were undertaken by local citizens' groups with assistance from 
various departmonts of the university. For a disc.ussion of this 
effort, see II. Peter Marshall and Robert W. Miller, T1w Challenges 
of a Community Dei'Iopment Role for the Public University 
(Morgantown, West Virginia' Office of iesearch aid l)evwlop
ment, West Virginia Ujniversity, 1976). 
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areas such as agronomic and animal health care REFERENCESpractices. The ultimate aim is to engage these same alliel, L. 1976. An economic, social, and attitudinalevaluationattitu(les and vlues iii an integratedI systems ap- of the Allegheny highlands project, agriculture, 1970-1975.proa(:h to live:stock agricul tire. Morgantown, W.Va.: Office of Research and Development, WestVirginia Univ. (unpublished).
AGRICULTURAL COMMUNITY DEVELOPMENT Marshall, 1-1.P. and Miller, R. W. 1976. The chalenges of aThe Allegheny lighlands Project was intended community development role for the public universitv. Mor-Shave a "spread"vi(luls effect, accruing benefits to idi- gantown,nt organizations W.Va.: Office of Research and )Development,Westot irectly involved with Virginia Univ.West Virginia University, CollegeProject program activities. The of Agriculture andProject appears to 1970-1975. A progress reporl Forestry.on the Allegheny highlandshave madet substIaitial progress in this respect. project: Agriculture. (Nine reports, July-Decem ber, 1970,l'he adoption of' new practices by producers not through January-December, 1975.)asso(;ialed with the Project attests to its impact in Woodson, F.E.and Vegors, 11. 1973. Controlof internal paraditeshe larger agricultural community. Survey data indi- in West Virginia sheep, W. Va. Agr. and For. Expt. Sta. Misc.cale Ihat, stalewide, some 40% of livestock producers Pub. 7.
 
have (h rived benefits from the Project. In general,

both the number of producers benefiting and the
 
level of benfits received have been directly related
 
to proximity to the 
Project area. In particular, the
 
Project has b,!en widely credited with the introduc
tion and adoption of effective commercial prepara
ti,mis for control of internal and external parasites

in beef cattle anid sheep. The use of tIhese compounds DISCUSSION
 
has spread throughout the state. Likewise, but to a lesser extent, the Project has hastened wider adop- Roy Blaser (Virginia, USA). I think such a projecttion of improved agrononic and livestock breeding has a potentially high value. I've just returned frompractices. Uruguay where four universities in a consortiumInucreasetd awareness, approval, and acceptance of are trying to stimulate activity with packages ofinnovalivi, alpproaches to livestock agriculture also information. I think your project and your paperare indicatel by the improved image and reputation could be most useful if you would summarize clearlyof thel Project and West Virginia University. Since and distinctly how such a project might be successfield activities began, both Ihe Project and the Uni- ful. I think you owe it to the public to carefullyversity litave gainted statlus among livestock pro- and clearly document that so that others working(ltt;wers. esp)ecially in lhe Proje!ct area. indicating in this kind of ar arena might have a better chancegreater respect for the scientific atd technical prin- of success.cilies which hotl itstltitions represent. Balliet. I am not an agricultural specialist; I am aThe totl] cost of Ihe AlleghenyI lighlands Project social scientist and a labor economist, but I spent(approximately $700.00t ov(er its first five years), a year examining and working with the Alleghenyalhtogh extrenmely high when c(,nsiduired only from Highlands Project and ended up very excited aboutthe stirtl)foint of services Ito someit 70 :ooperators, its potential. I think the potential for the projecthits prolaldybe(, nit re than equtld in tangible and similar projects depends on two factors.and inlangihte returns to All \to have benefited First are policy commitments to provide researchfrom it." 'he Projecl has ;hearly con(ributed to the and resources at the federal, state, and local levelsdevelopment of a more P)rodu:tive and viable live- supporting the interests of small-scale agriculture.stock industry in \Wst Virginia. It seems futile to invest time, effort, and resources 

at the local level to assist smal! farms or hill landc(Cijitv v\tirvnijm .ig ots thnoghout \'ist Virginii (exchtding farmers when national policies are operating to drivein. Projecl ,ria') svtint, that in 1975 apprbxitarly -2nu0O f these same producers out of the agricultural sector.the shte's 15Ott0 livstci:k prhoduce-s relized "considerahle" h'l(! second factorIhneflits ias a rf.sult of hro tet ctivities ,rnd that untlher 4000 
which I believe to be critical 

to the success of the AHP andIrriolceirs reai0izut similar developmentat least "some utrilfits. Asumtlling con}siderito hh,"I.$Stt Aer ye'.ar ,ont "so m"e to t.e perssmi ytear, projects is close contact between the research teamthese. "spuread uffeut" hnefils aloi have i-quald the annual and the producers themselves, thus facilitating accost oif the I'rojct. cessibility to technological expertise. 
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Forage Improvement in Appalachian Ohio
 
Through Sod Seeding 
J. F. Underwood and J. C. Clay 

Ohio Cooperative Extension Service, Jackson, Ohio, USA 

For years livestock farmers in the rolling hills of 
been seeking an improvedsoutheastern Ohio havxe 

method to renovate pastures and meadows to in-
was tocrease animal-carrying capacity. Their need 

improve low-producing forage stands on slopes up 

to 18% or more in this unglaciated Allegheny Plateau 

region of Appalachiai without the possihility of the 

severe sediment erosion so oftn experienc(d when 

soil is completely tilled. Fig. I indicate's the portion 

of Ohio involved in this study. 
In early 1973. the ()hio Coopertive Extension 

Service introduced the newly devlope(l Ohio sod 

seed or no-tillage forage est,i)lishlvflnt systen After 

Paraquat (1,1' -dimnethyl-4.4' -hipyri(linium di-
in the Ohio sys!em,' wiaschloride), a key her)i(ide 

granted tolerance level and later received lahbl for 

forages. Thv other herbicide employed.use with 
2,4-D, already h d l bel for ipplicalion (uin forages, 

Paraquat labeling mae(l( so( smeding,i new agrnomi,: 

practice thatl(:()uld be adol)te(l by farmers. I1 addition 

to minimizing soil erosion, sol seeding Also) hijs 

lower power and lalmor requirelnts than (Ioivei

tional forage renovation t'chniqumes. Costs pr ha 

have been (:omparablle to m(nventionill iethods 

whrn Ohio custom rates were chargd,, for ne.ded 
ducati omnil pro-rmnfield operations. The sod seed 

concernedl the introduction of superior col season 
into sparse. luegr"ssgrasses and legumes we '(lv 

pastures to improve forage yield i( quality. This 
was also recommend.ed is awily to perimodi-

system to reduceinto grass shnds 
cally reseed legumes 

need for application of nirogen fertilizer. 
Sod seeding research, begun in 1964 al th(! O}hio 

Agricultural Research and Deve!lopm-ent Center 
1970 evolved int it

(OARDC), Wooster, by had 
ind1system (Myers

workable ten-step management 

Triplett, 1973; Myers et al., 1974: VanKeurven and 

Triplett, 1972; and VanKmeren M al., 1972). Briefl v 

the steps are: selecting the field to ensure that seeded 
species are compatible with the soil type and draiin-

age, and that vegetation present can be suppre!sse!d 
used: soil testing to 

or killed by the herbicides 
lev(ls; applying needed limedetermine soil nutrient 

close grazing or clipping: applyingand fertilizer: 
1.1 kg active 2,4-D/ha 7 to 10 days ahead of applying 

0.55 kg active Paraquat plus nonionic surfai(tant/hia; 
seeding with a no-tillage drill with press wheels 
in April-early May or August-early September; and 

grazing or mowing after forage seedlings are at least 

7 cm tall to reduce the competition of original 
to the new seeding. Two revegetation regrowth 

maining steps prescribed for future years are: rota

tionaI grazing and fertilizing annually to maintain 

a productive forage stand. 
The senior author became involved with the new 

prictice through parti:ipation in eight of fifteen 
trials established betweeninitial OARDC on-farm 

197(0 and 1972. The junior author, then County 

Extension Agent, Agriculture, in Carroll County (Fig. 

1), helped estal)lish four otlr research trials (diring 

the same period. Eighty percent of the research trials 

were rated successful (40 or more plants of intro

(Ice(l species/mnV). 
trials, the forageFollowin these initial on-farm 

earlysod seed educitional program was initiated 
in May. 1973., wvhen the Ohio Cooperative Extension 

Service and Chevron Chemical Company personnel 

began a program c:entered around superrvised farm 

".o0OARY 03 I-ARY11 

G%,N 

.. 
I 
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0b 

N 

Figure 1. Extension areas in southeastern Ohio where this 

forage sod seed educational program has been conducted since 

1973. 
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demonstrations to teach the management system to managed as a year-around grazing system. Nine of 
farmers, Extension workers and Soil Conservation the fifteen farms selected for the program were in 
personnel and other agency professionals working southeastern Ohio. 
with farmers, and local agri-business suppliers and A minimum of 25 spring calving cows and one 
farm credit personnel (Jnderwood et al., 1974). As bull were to be maintained solely from forage pro
time progressed, other i.gri-business firms (both duced on the unit. A heavy calf at weaning was 
proprietary and coopera',ive) became involved to encouraged by selection of early calving cows bred 
further the program's su(cess. to superior bulls along with proper herd manage-

The sw., seed edcitional program included ment. Pastures were increased in fertility through
supervised farm demonstrations, farm tours, winter applications of lime, phosphorus, and potassium
schools, mass media, and individual contacts. where needed according to soil tests. In some in-

The area agronomist worked closely with the stances extensive removal of brush and trees was 
county agricultural Extension agents to select farm necessary prior to pasture renovation. Some units 
cooperators. The Ohio tern-step sod seed management (lid not require complete reseeding where acceptable 
system was followed. Each farmer provided the seed forage stands existed. The Tennessee Valley Author
of forage species he wihed to sow, the required ity and local agribusiness firms cosponsored the 
fertilizer and lime as det(-rmined from soil test, and Forthbull demonstrations wit] Extension. 
most of the herbicides. The farmer also was re- Sod seeding was the primary method used to 
sponsible for le separate applications of the 2,4-D reseed pastures on eight of the nine Fertibull units,
ant( Paraquat herbicides Chevron supplied use of with most reseeding accomplished during August 
a Midland Mfg. Co. Zip Seeder at no cost, plus part and early September, 1974. Very favorable precipi
of the Paraquat and surfactant for smaller trials. loth tation resulted in generally excellent stands. These 
spring and August seedings were made. larger trials provided an opportunity to measure

Seedings, 0.4 ha in size, were made using two forage production from sod seedings.
seeders in 1:i counties in southeastern Ohio during The approximately 14.6 ha of summer pasture on 
the 1973 season. Eighty-five percent were rated each farm were sown to a mixture of orchardgrass
successful (> 40 plants of introduced species/m 2 ). (Dactylisglomerala L.) and either red clover (TriTe-
More than 700 persons attended seven farm tours, liun pratense L.) or alfalfa (Medicago saliva L.).
while an additional 500 learned about sod seeding Summer pasture divided into three or fourwas 
that winter during forage schools. Several implement approximately equal-sized fields for rotational graz
deahrs were so impressed they acquire(l the fran- ing from late April into early November. Any addi
chise to sell the Zip Seeder. tional prod uction not needed for grazing was har-

Four Zip Seeders were available during the spring vested as hay. This was either field-stored for July
of '1974. This permitted more Extension demon- August use or barn-stored for emergency winter feed. 
stratiois of larger size (up to 4.0 ha). By fall. at The 9.7 ha of winter pasture were sown to tall 
least one trial was esta)lished in each of 1m of the fescue (FestuaarandinaceaSchreb.) and either red 
19 (ounties in the two Extension aireas. Over 15% clover or alfalfa. First growth and some second 
of trials were rated succe.ssful. That summer 1000 growth on winter pastures was field-stored in round 
peirsons visited seedings while :100 more received bales for feeding during late winter. Regrowth was
instruction at winter schools, rotationally grazed before allowing animals access 

lBly 1974, interest in sod seeding had fostered the to baled hay.
following d evvlop men ts: Soil anrid Water Conserva- Winter pastures were evaluated in November,
tion districts and Production Credit associations 1975, to see if forage supply would meet expected
began purchasing Zip Seeders for rental use; dealers needs. Information gained also was used to deter
started making drills available for rental use; A.S.C.S. mine if there was sufficient forage to permit addition 
practices were developed for cost sharing of no- of more cows. Harvested hay was determined by
tillage seedings; and farmers were starting to make bale count multiplied by average weight per bale. 
seedings with sod drills or modified no-tillage corn Standing forage yield was determined by harvesting
planters without direct Extension Service or industry growth at several randomly selected locations in 
supervision. Extension agents used mass rumedia ef- pastures within i a 61-cm metal frame. Forage within 
fet(:ivel y to create additional awareness of this new the frame was hand-clipped and weighed. The yield
technology, in metric tons of hay equivalent (12% moisture)/ha

Further opporturity to show the effectiveness of was determined from the oven dry weight of a 
sod seeding to improve larger land units came during subsampe. The results from six Fertibull units
197,1 when the Ohio Cooperative Extension Service three where winter pastures were all sod seeded, 
started the Fertibull program. This program was two conventionally seeded, and one where both 
designed to demonstrate maximized cow-calf pro- establishment methods were used-are shown in 
dltuctimi from well-fertilized 24.3-ha pasture units Table 1. 
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TABLE 1. Available winter feed as estimated in 
November, 1975 

Hay Equivalent 
of Regrowth 

Seeding Plus Bahd 

Cooperator Coouty Method Field-stored Hay 

MT/ha 
Caldwell Gallia Sod seeded 4.6" 

Mickey Harrison Conventional (1973) 4.11' 
(;1oeckiler Meigs Conventional 5.0 
Cargill Carroll Sod seeded 5.6 
Duvall Belmont Part conventional/ 6.7 

Burkhart Washinghi'n part sod seededSod seeded 7.6 
d.. . 

Avg. 5.7 

"Pasture regrowth partially grazed prior t sampling, 

Actual number of cow-days of feed was closely 
related to these November projections. Greater le-
gune percentage resulted in highest yields at the 
Burkhart and Duvall sites. All production was well 
above the 1.7 to 2.2 MT/ha typically obtained from 
unimproved pastures in this portion of Ohio (Anon-
ymous. 1957). Both seclfing methods gave compara-
ble results. 

It was not practical to evaluate forage production 
for the Fertibull summer pastures in the same man-
ner. Cooperators kept records of grazing intervals 
in sumnmer pastures and the number and age of 
grazing animals and periodllic weights of ainimals. 
Calculations of expected consumption based on size 
and age of beef animals indicate equal or greater 
production per ha from the orchardgrass-legume 
summer pasture than from the winter pastures seeded 
to tall fescue-legume mixtures. 

The six Fertihull units listed in Table I had a 
total of 87.4 ha of summer pasture which provide 
168 days of pasture for 159 cows. 13-1 calves, and 
5 bulls. (Artificial insemination was used on one 
farm.) Cow weights remained constant through the 
summer grazing period. Calves averaged 56.8 kg at 

the onset of summer grazing. gained 108.5 kg 
average, thus were weaned at an average of 165.3 
kg. Eighty of the calves were weaned near October 
1, with the remaining 54 about November 1. The 
summer pastures on the six farms produced 22 117 
kg of feeder calves, maintained the herds, and addi-
tionally produced 95.9 metric tons of hay stored 

for winter feeding. 
During the 1975 season, more no-tillage forage 

seedings were made, especially in counties where 
rental equipment was available. Additional produc-
ers adapted no-tillage corn planting equipment to 
seed forages. Tours of Fertibull demonstrations fig-
ured prominently in the summer 1975 educational 

program. Twelve hundred persons attended tours 
or winter forage schools during the year. 

In April, 1976, 13 sod seed demonstrations of 2.4 
to 7.4 ha were established on farms in 12 counties 
using the new John Deere Company Powr-Till seeder. 
This was the first new drill specifically developed 
and sold by a full-line domesti c farm equipmient 
manufacturer. Anlhein Products, Inc., a producer of 
2,4-D, as well as John Deere and Chevron, cooperated 
with Extension in these trials. Good initial stands 
were achieved it all locations. Extrem, drought 
during April and May caused stand loss after e1ner
gence at five sites where original vegetation was 
vigorous. Seedings that failed were reseeded in 
August its a part of the follow-up educational tours. 
Rental Midland Zip Seeders were availabhle in ten 

southeastern Ohio counties this season. Additional 

farmers purchased their own so(d drills or used corn 
planters to seed forages. 

Through this educLational program people have 
seen that sod seeding cian he successfu l if all steps 
in the management syslem are followed. Successful 
results on several thousand ha attest to this ftct. 
Today, the economic situation in the livestock in
dustry has reduc(ed farmer investment in grassland 
renovation: therefore, there is presently only a Iiiit
ed amount of reseeding activity. Many producers 
report they will utilize the no-tillage system for futurc 
renovation. 

Persons who have participated in the e(ducational 
program have seen itnew agronomic prictice bectme 
widely accepted within i three-year period. Produc
ers now realize they can reseed forages on steeply 
sloping areas to improve quality and quantity of 
production without severe soil loss. This program, 
with excellent industry support, is another example 
where the Cooperative Extension Service rapidly itd 

effectively took land-grant research Ito the people 
who coull benefit from its tse. 
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UNDERWOOD AND CLA Y
 
DISCUSSION Seeders for less than $17.30/ha. This comparison
A. W. Pantall (Nei. Zealand). You mentioned you does not include fertilizer or seed.used 2,4-1) and as a separate application which you Tim Taylor (Kentucky, USA). I'd like to say thathad to apply several (lays before you applied the in Kentucky the john Deere Powr-Till Seeder costsParaquat. That, to me, seems an extra operation; about $39.54/ha, and that's with Paraquat.therefore, I would like to know why you had to included 

Not 
are seed and fertilizer. Now I would likeuse the 2,4-D, the type of weeds you hope to control, to go back to the herbicides if I may. We have aand was there not another chemical which you could similar "how to do it"recommendation in Kentuckyapply at the time you applied the Paraquat in order and we go into more aboutdetail herbicides. Weto cut out that extra operation? Also, please give think you should only use herbicides in narrowlyme some idea of the cost of these field operations, defined situations. The 2,4-D would be defined; youherbicides, and the drill rental. wouldn't use it under certain conditions and we

Underwood. We suggest the 2,4-D ten (lays to two would try to define that-likewise for Paraqual. Weweeks prior to sod see(ling to remove plantain do think that we might reduce the cost considerably(Planago sp.), dandelion (T7raxacuin offiinale if we used livestock to do the grazing of the weedsWeber) ragweed (Ambrosia artemisiifoa L.), and and (lid not use the herbicide.similar perennial broi:dlc af weeds which, under our Underwood. Thank you. I failed to not! that theconditions, provi(he c(nsideralle early competition initial development work on the John Deere Powrto Ihe yong legume and/or grass seedlings. The Till Seeder was done at the University of Kent ucky.Paraquat is applied as a second broadcast application One Soil and Water Conservation District in Ohioclose to planting time. Ohio research has shown is renting its John Deere seeder at $17.30/ha, exthis sequence to be the most effective. The interval cluding tra(tor. There are cases, as Dr. Taylor notes,is needed for Ihe 2,4-D to be translocated before where with proper grazing mfanigement you canthe desiccant, Paraquat, is applied. I understand eliminate some herbicides. We find that many Ohiocoinmbining a half rate of Paraquat with 2,4-D early, farmers will not properly manage animal rotationalfollowed by the remaining Paraquat at planting time, grazing well enough to achieve satisfactory no-tillageis another approach being tried in Pennsylvania to seedings. I feel our recommendations wili be revisedachieve more complete kill of initial vegetation, and with greater detail when additional herbicidesComparative costs of sod toseeding conventional such as Roundup become labeled for no-tillage forageways are similar if average 1975 Ohio custom rates establishment. Roundup has looked very promisingare assigned to field operations using typical herbi- in research trials. Banvel may be substituted nowcide prices: for 2,4-D, Iut it has to be applied at least 21 daysSome Production Credil associations and Soil and prior to sod seeding or it can be phytotoxic to forageWater Conservalion (listrii:ls ,ii'e renting Midland zip seedlings. 

Tilled Seedbed/ha No-tillage/ha 

Land preparation (plow + 2 $49.42 -lerbicides-2,4-D, $ 6.18(liskings or 4 diskings) Paraquat 23.47Convenlional drill 14.113 2 sprayings (a)$7.41 14.82 
.Sod seed (frill 17.30 

$64.25 $61.77 
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Interdisciplinary Research-and-Action in the
 
Uttar Pradesh Hills 
C. R.Bailey
 
The Ford Foundation, New Delhi, India
 

G. B. Pant University of' Agriculture and Technol-

ogy, lPantnagar, is located in the Tarai region of 

northwestern Jttr Pradesh. Established in 1960, it 
is one of Indias leading centers for agricultural 
research, training and extension. In 1973 the Univer-
sity initiated an interdiscipliniry research-and-ac-
tion project directed to investigating and alcting on 
problems facing farmers in a small river valley 
(29o42 , N; 79 16' E) in the hilly area of IUttar Pradesh 
just north of the iniversity's camptis. Led by agri-
cultural econonists, the project team also included 
researchers from agroomy. <gricultural engineer-
ing, animal scien.ce, horticulture. l)lant protection, 
and rural sociology. The project ended its first phase 
in May, 197f, producing a we!alth of new information 
and insights about rural development in the UIttar 
Pradesh hills.' Ihowever, the results thus far achieved 
shoull only be an interim step to a furthi r policy-
oriented reseairch progrmn. This paper discusses four 
priority areas for future reserrch: (1) natural re-
sources anid group action; (2) water managenen; 
(3) forestry and livestock: and (4) alternatives to an 
agricultural livelihood. 

THE UTTAR PRADESH HILLS 
The ULttar Pradesh hills are located just %vest of 

Nepal. [Historically they comprise the two regions 
east to vest of Kumaun and Garhval.The Un iversi
ty's project vas located in Kumaun. The hills accounL 
for 17";1 of the state's land area, and contain 4%, 
of its population.2 The terrain is rugged. with eleva-
tions from :300 m on the southernmost slopes to 
8000 in in the main peaks of the Himalayra along 
the northern border with China. Nearlyall permanent 
habitation lies below 3000 m. The main livelihood 
of the people is agriculture, which they carry oul 
on rain-fed terraces carved (jut of slopes ranging 

'For a moret detaitled pres!n ition ifpriject see: Aiporsretsulls 

presented at the Seminar oilRegional/Atre Planning and 

Resource Development (May 27-21), 1976), and Rurai Ara
, 

Development (May, 197b), both published by the Departmnt 

of Agricultural Economics, G.i. Pant Universilty of Agri u:lllure 

and Tec;hnology, Paniinagar, Nainital DistriOt, Ittar Pradesh. 


'.Department of Agiruillural hconomics. "Ittar Pradesh in l 
tics," G.Ii. Pant University of Agriculture & "lT:hnotlgy, 1976 
(61 pp.), Table 2.2. 
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from 20% to 80%,. Holdings are small; three-quarters 
of the farmers cultivate areas of 0.6 ha or less.' A
 
holding in this size group typically exists as 16 or
 
17 fields in 7 different locations. Average field size
 
is 0.02 ha." ' The principal crops are upland paddy,
 
wheat, and mrandiah (a kind of pearl millet).
 

Average annual rainfall is 1091.4 nun, with a 
seasonal lov in January (71.6 n) and a high in August 
(132.6 num). Rainfall is highly varialelc from place 
to place in the hills, and from year to year in tle 
same place. The lUniversity's project rain gauge 
recorded annual rainfall of 472.5 mm inl1974 and 
965.0 tn in 1975 in the hill study area." Termpera
tures are in part a function of elevation. B low 1211 
m winter temperatures vary from 0 to 20 C, and 
in summer, from 20 to 35 C. Between 1200 and 
18)0 in the winter range is t to 12 C, and ihe summer 
range is 18 to 30 C." The proj(ct teipera, ire recordvr., 
lo(cated at I 70(10 in, recorded a high of 47 C aid 
a low of -2 C in the tw years 1974-75." 

lhe most striking fre:t ial)outthe hills is te l)ressur 
of people on the land. This seems a paradox since 
there are only 75 people per sq km in the! hills 
compareti to an average density of :170 in the plains
of Uttar PrAdesh (excluding Bundelkha mid)." Despite 
the seeming sparsity of population, hill people hive 

'Katarin RuralSinghArea&,tK.M.tl. Rahirn, "lase Line Survey," Chaptir 2D-vlolintt. Depiartllictnl
(if Agric:ulid I.;co
11Rurl r., R lntUnivi-i rteni'.ni Ihniv,'rsity o)fA\griciuttinre ,
 

t'.innagr, May 1176,1p. 16.
 
'S.l,. Shah, K.M.it. Rihim & I'uran I'at. "Fragrminlititi and
 
Scafternthss of Ihltings," Chaptvr :1in Rural Arva li'vlop.-


Wivllt, p. 5a. 
'Departiment ifAgricultural Ewirnirns, op.cit.. 'abht1.211. 
"Orn Prakash, "Prthhiens ,rd Stritt ies Rlatvd to Soils if 

B3hikiasenl lh D~istrictl, I'ladvsI." Paperl~l pr,'

nmhi:s, Gi.l. of Agri r& 'l',i:thi,)h~gy. & tuc 

k Ahm ra MIlar 

Sentihd at the! Seminar oilRgioral/Arei Planrning & Rirsour,;er 
Df-vviohpnlviill ;ill(;.13. [1ilnlIhniver-sily oflAglrhiiullirv & Tiechnloh
g trijrrnrt ra.r -.. 976. 1) , i
 
ty.Pant nligar, May 27-2, 1970, p.to.
 
Ranvir Singh, "Fruit andiVegetaith P'rormdut:ion Ttihnology [for

tills with Speil Referen:e to ihikiasen Ilhck," Table I , in
 

Miapers presited at the Semninar on Reginal/Area linniiing
 
andlResource Development, G.i. ilanlIlnivvrsity oif Agriilhtre
 
& Technology, I'antnagar, May 27-29, 1976.
 

mO rakash, op. cit., p. 17. 
"Department of Agrictullu ] liconno ics,tp. cit. TaIlde 2.-i. 

http:scien.ce


difficulty in raising enough foodgrains to meet
their subsistence needs. There are 

even 
17.6 people per

ha of cultivated land in the hills; the fi§ure rangesfrom 2.3 to 5.13 for the rest of the state.' This highman-land ratio requires that more than 90% of thetotal cropped area in the hills be under foodgrains.''
Over the last twenty years and more, hill people

have sought to increase their foodgrain production
by two means: 

I. They exllandc d their net cultivated area. Be-tween 1950-51 the man-land ratio fell from 20.4per cultivated ha to its present level. In contrast,
net cultivated area in western, central, and easternUtar Pradesh expanded by only 3-6% during the same period, and the man-land ratio increased. Netcullivated area as a percentage of total geographical 
area of the hills increased from 15% in 1950-51to 27'., in 1972-73, with resulting pressure on forestand grazing Iand. ': It is apparent there is little scopefor further expansion of cultivated land in the hills.In facl, this process already may have gone too far.2. 1lill agriculturists also sought increased food-grain production by taking more than one crop fromthe saie land. Over the same twenly-year period,1950-51 to 1972-73, the (lolble-cropped area in thehills in creased 225%., Compare this to the plainswhere duble-cropping spread at less than half thisrate. At present Ih( hills have the highest proportionof double-cropped to net-ciultivatedl area of anyregion in Utt ar l'radesh (70.4,)." It is nearly twiCeIhe rale of dotlbh-croppi og in the prosperous plainsarea of western [ttar P'ra desh. 

Despite these ierculean efforts, getting enoughfoodgrain to eat still remains the major preoccupation
of most hill farmers, Farmers do 

p(. r. e 
not yet perceivecrop yeld increases its a third ad l potent means
for them to increase their 
 foodgrain Production.Reliable crop area anti prod uction data for the hills 


are not available for earlier 
 years. but it appearsthat hill paddy yields have stagnated over the last20 years. Wheat yiealhs have inc reasad by paerhapsa third over the same perio(d.' It is probable that per capita foodgrain produoction is no greater nowand possibly less than twenty years ago. Nearly allof the hill labor force is engaged in agriculture, andfamilies derive about 65% of their income fromfarming activities."': New agricultural technologies 

rat Iori in of Agria Ecalnlnmias, up. ,:it., CihIn'tillheat fronTahlanis 1.7 ana 2.2.l 
'J'albehl of Agrindllirat Ecoaonics2.a2.1 up. cit., 

" fl liarhinl of Agri:ullral Econoinj:s, op. cit., ct:ahthned fromTa lts 1. a f id1.7. p'Conv
'D'parllniail of Agric:ultural conaomics, op. dt., Tahhle 1.9. 
nDeparinmnt of Agrcoit rat EUainolics, op. cit., Tatits 3.1andt 3.21 .
 
K'Kalar Singh and K.M.I. 
 Rahim, p. :14. 

BAILEY 
will be the key force in the economic development
of this area. Furthermore, these technologies must
substitute capital and labor for land.

G.B. Pant University's research-and-action projectincluded linear programming farm planning exercises. These showed that with idtal conditions farmsunder 0.6 ha could increase their ret urns over vari
able costs from lhe present level of Rs 938 ($106)"'to Rs 6,254 ($709)-a i67% increase. This shows 
the potential. A more reaiistic plan reallocated landfrom existing foodgrain crops toward commercial crops, in the process reducing foodgrain production.
This plan increased returns over variable cost by37% and required no credit, but trading foodgrain
near-self-sufficienc~y for more commercial croppingis a risk. A third plan appeared the best alternative
for farms less than 0.6 ha. It called for use of newtechnologies associated with high-yielding varieties
of foodgrain and commercial crops and reluired Rs136 ($15) of credit. This alternative prodiUC~Cd themost foodgrains (5.64 quintals) of any of the linearprogramming farm plans. Commercial crops (soybean, french bean and peas) also yielded 7.36 quintalsof produce. The return over variable cost was Rs1,747 ($198), an increase of 86% over the present
situation for farmers in this size group."

Information such as that provided by the Universi
ty's linear programming exercises provides valuablestimulus to thought. It is also well established thateffective research on hill development must gobeyond modeling of relationships and making of narrow, production-oriene(l technical recommen
dations. There are three good reasons for beingconcerned with more than just the individual farmerd e c is ion -m ak e r , 

1. A development strategy focused on individual
farmer lecision-makers operating in a market economy is inappropriate. The hills, with few exceptions,
support a subsistence economy, and thus market
forces do not strongly support either specialization

or the use of cash-based agricultural technologies.

2. A hill watershed in the Himalayas, unlike a
watershed in the plains, magnifies the environmental

impact of !he many individual daily acts of farmers,
wvoodcut tars, grazers, lumberm 
 n, and road-builders.

The social costs of private 
 acts may be very large,andI are difficult to link to individuals' private 
interest. 

"3. The cult ivated land belonging to a typical hillfarm is fragmented and scattered among lands ofother farms. Many land-management techniques 

vrsion was made at the rate of U.S.$1.00=Rs 11.82 I.C.
 
aind rounded to the nearest dollar.
 

17 Katar Singh andt K.M.B. Rahiin, "Resource Use Plans for Represenialive Farm Situations and Their Evaualion," Chapterin Rural Area Developmet , pp. 132-311. 
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must be carried out over a contiguous area, but these 
may require the cooperation of so many farmers that 

success becomes a practical impossibility, 

experiences and considerations,Based on these 
four areas for priority research

I believe there are 
in the Uttar Pradesh hills, and by extension, other 

inhabited hill 	areas in the. Himalaya. 

Natural Resources and Group Action 
Compared to the plains and delta areas of the 

Ganges system, the natural resources of the tipper 
parts of that system-the hills-are inherently less 
productive. Soils are thin and highly variable in 
structure, texture, and fertility, water is fast-moving 
and not easily managed, temperature and rainfall 
vary greatly from elevation to elevation, and the 
land is easily destroyed through deforestation and 
erosion. Population growth in the hills mo re quickly 
pushes against the limits of the hill natural-resource 
base than equivalent population increases in the 
plains. Current knowledge and experience in both 
India and Nepal suggest that in the hills the pressure 
of people is changing the pattern of Iand use. This 
combhined with a stagnant technology and obsolete 
institutions is causing a progressive destruction of 
the natural resour(:e base on which inillionsof people 
in both hills and plains depend. 

Question: If a change in land-use aiway from 
forests and grazing IaId to annually cultivated anti 

waste land is the principal cause hAind the destruc-

tion of natural resources, what package of legislation, 
local group organization. individual subsidies, and 

for theother incentives should government adopt 
puplic and private hill lands? 

Within this topic the question of group action 
is particularly critical. In the G.B. Pant University 
project, research staff largely centered their attention 
on the farmer as an individual autonomous decision-
maker. Frequently, however, sittiations arise in 

which individuals would be better off and social 
costs of private actions would he reduced if people 
could band together. Future research should investi-
gate the social 	constraints on individual action and 

where the real 	benefits of group action lie. Unfortu-
nately, it is often the case that formation of groups, 
group action and the benefits therefrom do riot come 
about because of certain difficulties or dilemmas 
in getting (or keeping) the hall rolling. For example: 

wil b 	 ess1. Goupforatin moe dfficlt he 
t. Group formation will be mored ifficult theless 

the individual benefits exceed the individtial costs 
and are measurable and visible to the prospective 
group members. An obvious example is soil conser-
vation measures, whose benefits are hard to see in 
the short run. 

Question: How can the benefits of group action 
be made more measurable and visible? 

2. Group formation will be difficult the larger the 

group which is to be organized. This is especially 
true if the group has to include people fron different 

social classes, villages, or socio-economic territorial 
units. 

Question: What is the optimum size of the 

group-the technical requirements of the activity 

vs. the social constraints on joint action? 

3. If benefits cannot he limited to just those who 
join together in a common action, individuals will 
have no incentive to incur the cost and effort of 
joining the group because they will in any case 
benefit from group action. An example is building 
a village drinking water system with public taps
once it is built everyone can take water fromn it, 
even if they did not contribute to having it construct
ed. In this situation there is ineed for some kind 
of legal or institutional mechanism which either 
limits the distribution of benefits to those who 
participate, or compels every potential beneficiary 
to participate. In the examph, the public taps could 
be placed inside homes only (f those who paid a 
portion of the costs of construction, or the system 
could bte financed by a village-wide assessment c: 
tax. 

Question: Hlow can the spill-over of benefits 1;t: 
limited?
 

action depend on4. If the benefits of common 
the positive action of every memhci of the group, 
individuals can wit hhold their cooperation in an 

attempt to maximize their share of the expected 
benefits. Suppose a new agricultural technology or 

will benefit all who adopt it but requirespractice 
that each farmer cooperate with his neighbors. In 

the hills, important changes in farming behavior in 
small area will require the agreement ofeven a 

substantial numbers of people. ()ne or two holdouts 
could, then. prevent the others fromn changing to 

an improved cropping pattern. Another example is 
land consolidation, which is just not feasible on 
a voluntary basis. Legislation and strong government 
follow-up may be required for the solution of this 

kind of g.oup action lroblem. 
Question: -low can the problem of holdouts be 

handled? 

5. 	 if the benei its of common act ion depend on 
every member oif the group, therethe restraint of 

is tremendous temptation for individu als to "jump 
the gun" and monopolize the expected benefit before 
the others do. Supposc a good fuel and fodder tree 
is standing near a village. Further assume that if 
the tree were allowed to reach maturity judicious 
cutting would yield enough fuel antI fodder for 

several families (the members of the group). But 
without effective restraints any family may cut the 
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tree before maturity, pre-empting the other families, which are consumed or used by the farm family,
The Kumaun forest rules were (changed in 1939 in and (4) live animals, milk, ghee, and other products
part to deal with this phenomenon. They prohibit which are sold or bartered to meet the other needs 
cutting the upper one third of the (:rown, or any of the family."'
branch over three inches in (liameter. They also This relationship remains a happy one so long
specify that trees are to be given a two-year rest as there is sufficient wild vegetation from forests 
between loppings. In this case, legislation has not and grazing lands. However, the increasing popula
p)roven to be effective, tion brings more and more land tinder cultivation 

Question: What kinds of sanctions will restrain with several consequences, among them: 
group members from premature snat(:hing of the 1. To extend cultivation requires more animals,
benefits? but extension of cultivation can occur only by inroads 

on the wild vegetation by which the animals areWater Management supported. Thus there is a "scissors" effect-
The excessive speed and quantity of rainwater numbers of livestock that can be supported are falling

runoff which causes erosion and siltation of bottom- while the demand for their farm power and manure 
lands at lower elevations has been a principal con- is increasing: 
cern of the University's project staff. However, the 2. As forest and grazing lands disappear, livestock 
hill farmer does not attach the same importance to must be supported largely from the same cultivated
 
this runoff because to him it appears the returns land that supports the human population. In some
 
to private investment in soil and water conservation sense livestock now compete with, rather than com
measures are uncertain, delayed, and diffuse-an plement, the human population's food-raising activ
accurate assessment for people with low risk-bearing ities.
 
(:apa:ity, fragmented holdings and no means to Some propositions:
 
capture the downstream benefits of their actions.

Researchers should investigate combinations of 1. If there is sufficient wild vegetation, then the 
crops, cultural practices, and engineering structures determinants of the number and kind of livestock 
which will slow runoff and retain water more or a family will hold are:
 
less in situ, either above or below ground. At the a. the family's level of prosperity;
 
same time, these techniques must be evaluated in b. the kind of livestock which will produce the
 
costs, benefits, and uncertainty for farmers using 
 mix of products the family wants from the available 
them, olher farmers in the area, and downstream sources of wild vegetation and crop residues;
irrigation and hydro;power consumers. The results c. the number of family members available to look 
of this kind of research would appeal to farmers, after the livestock. 
who are first of all interested in secturing stable or 2. If the area of cultivated land and the number 
increased prodoction. These results would also add of livestock expand and significantly reduce the area 
to the presently scanty emlpirical knowledge on what and productivity of forest and grazing land (sources
kinds of land use, under what climatic conditions, of wild vegetation), then,
contribute most to soil erosion, a. the number, kind, and condition of livestock 

that a family (an support decline;Forestry and Livestock b. soil fertility declines when livestock manure 
The hill-farm watershed system includes the rela- is diverted for use as fuel to replace wood no longer

tionship among water, soil, plants, and land use available from vanishing forests; 
on the public and private lands within a defined c. soil erosion increases from the marginal culti
catchment area. The system also includes the social .1ated lands, the barren grazing land, and the denud
and(economic forces which (:ondition the use and ed forest. 
mnanagement of these natural resources. Within this 3. If a family has too few animals, and those in 
system, livestock and forestry are two very important poor condition, then: 
interrelated elements. Livestock broaden the ability a. soil fertility declines because there are fewer 
of human beings to extract food and other useful animals producing manure, and 
products from the surrounding vegetal resources. b. there is a decline in food and other animal 
Livestock convert crop residues an(l wild vegetation products for consumption and sale. 
gathered from an extensive area into (1) manure, 
which is funneled into a lim ited area-the cultivated 
land-and human benefits through the cultivated '"I am indebted to I. Andress for a discussion of some of these 
plants, (2) traclion power, which supports the tech- relationships as they obtained in Garhwal in 1962-63. See

Andress, I.,Culture and Habitat in the Central HimMaya,nology of plow agricult tire and contintous CUltiva- University of California, Berkeley, Ph.D. 1966, University
lion, (3) milk, ghee, meat, and other animal products Microfilms No. 66-8261, pp. 208-235, 273-276. 
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4. If soil fertility and moisture retention, decline 
so do crop yields, resulting in less food for human 
beings, less crop residues for animals and, therefore, 
still fewer animals. 

5. Forage crops and stall feeding of livestock is 
a solution only if: 

a. farmers can no longer get enough fodder from 
off-farm sources: 

b. area available for food and cash crops is not 
adversely affected: 

c. little additional labor or animal power is re-
quired: and 

d. there are no additional nutrient demands on 
the cropping system. 


Alternatives to an Agricultural Livelihood 


If the average hill family cannot meet all of its 
consumption needs from agriculture, how can gov-
ernment improve the alternatives to making a living 
from the land? The principal issues are education 
and employment. Off-farm employment can be found 
in the Forest and Pul)ic Works departments and 
their contractors, the military. hill-station tourism, 
and in a few light-industry units. These sources are 
inelastic in supply, and therefore members of hill 
families migrate to the plains, either seasonally or 
permanently.' 

Questions: How can labor exchanges more effec-
tively match people with jobs? Are labor unions 
a feasible means to increase the bargaining power 
of wage laborers? Should hill migrants be given 

"R.D. Singh and L.R. Singh. Employment Structurv and Migra-
lion of Rural Labor," Chapter 4 in Rural Area Development, 
p.68. 

employment preference in the plains because their 
removal from the hills lessens human pressure on 
hill watersheds which in turn reduces erosion and 
silt damage to plains food production systems? 

Hill people in Uttar Pradesh put a high proportion 
of their cash surplus into the education of their male 
children. " ' Question: Should government put 
proportionally more of its (levelopment resources 
into education so that more hili children can receive 
more education and thus receive higher incomes 
for remitting to the hills once they are employed 
in the plains? 

IN CONCLUSION 
'The forces of change in hilly areas of the develop

ing world are not well understood. The iquestion 
of rural development and the management of natural 
resources in hill areas of northern India and Nepal 
is particularly critical because the actions of relative
l small numbers of people clearing more land for 
food pr(dulction in the hills directly threatens food 
produl ction systems of much larger nmbers of peo
pIe in the lower parts of the Ganga and Indus basins. 
There are many issues, and none has received adhe
quate attention because plains areas have inore 
political weight and have seemed to offer greater 
and more certain opportunities for technology-based 
development. HIowever, it now appears that hills 
and plains are more inlimately linked than had been 
thought. Investigations of the ecology, society n( 
economy of hill areas are therefore timely. 

:".S. Sharma, R,mvir Singh ,n'A.K. Singhil, "Consumption, 
investment, and Fintcial Stru,:rm." Chapler 5 in Rural Area 

Develop nent, p. 00. 
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57. 
Crop Production of Arable and Meadow Plants at 
High and Low Altitudes in Norway 
P. Solberg, Norway 

The object is to give in as brief terms as possible, 
a general view of harvested crops in a high-altilude
situation (i fjellbygdene) as compared with the low-
land (flatlvgdene). The area (highland an(l lowland)
comprises a large part (if the southeastern territory
of our country (60-620 N). The results are extracted 
from many series of experiments (where all has been 
ineasured and weighed) l)y various experiment sta-
tions, Venerally within the period 1945-70. 

When calculated for the central highland, the 
following bundaries of altitude may serve as an 
orientation: The lower border descends to a bout 300 
or :50 in above sea level an( rises to 700 or 750 
in. Above that limit we have the mountain where 
the timberline has to be pass(d. The beneatharea 
the 300 in border represents in my account the 
lowhland. 

The plant species which are included in the survey 
are barley, potatoes, roots, meadow grasses, and 
(:lover. 

The experiments were principally carried out on
well-cullivated land. Manuring was complete and 
applied with moderate intensity, and the difference 
in quantity between highland experiments and those 
in the lowland may be characterized as minor. 

We then make the hardy assumption that the
differences in harvested crops between Upper site 
and lowland-or probably nure correcly, the bal-
al:ce (which here has to be (hilonstrateni)-has its 
base u1pon soil and clinate. Then we hivetput some 
influence by mal in tlie background, togelher with 
other more or less disputale factors. Naturally 
enough the greater allitude causes limitations. The 
limit of heights is discussed in individual sect iois. 
By choosing niediiinu height as the base, we find 
that only in it few cases does yield on the lowland 
excee(d that of tlie highland, 

ROTATION EXPERIMENTS 

The experiments were carried out during the years
1939-58. The rotation period was 6 or 7 years, in 
the following yearly order: 1. oais; 2. potatoes or 
roots; 3. cereals; and 4.-6. (or 7.) Icy (not grazed).

The plo. were fertilized every year: Farmyard 
manure, supplemented with artificial fertilizer, was 
applied in arable years (potatoes or roots), in the 
years of ley, only artificial manure. The fertilizing
has varied in harmony with some difference of plans
within the different fields. Yields were calculated 
for each and all fields (Table 1). (Content of farmyard
and artificial manure are put together.)

It was of importance to have as little difference 
as possible in fertilizing intensily between high- and 
lowland experiments. Calculated its the mean for 
all plots, the figures seem to be suggestive of not 
any major difference, and should be of minimal 
consequence for the balance of harvested crops 
between the two altitudes. 

Computed as Scandinavian fodder units (fi) you
will find in the table a sum of the harvested results,
all counted per decar and year. Group 2 should be 
to some degree- more heavily fertilized compared 
with group 1. 

In the valleys and on the hillsides the figures are 
approximately 450 fu, and at the lowland 380. If 
the yield in the highland is set up to 100, the lowland 
yield is only 80 or 90%, 

The harvest in lie highland is taken at 550-600 
in altitude. The difference in elevation between the 
two levels is about 475 In (about 610 N).

In the lowland there are only trifling differences 
between group 1 and 2; in [iroad features it is more 
significant in the highland. In this connection I 
should like to underline the difference. As a rule 

TABLE 1. Long-continued rotation experiments, 1939-58 

Arei 
Atitude 

(In ) 
K p.r.d 

K 
r. P 

N 1 
/d, r 

2 
10. Yield 

1 2 
. No.rmal Mayl/Sept. 
Rain (inin) Temp. (C) 

IIighlamt 
Lowlahnd 

5115 
110 

2.5 
2.4 

11,5 
7.7 

7.4 
6.4 

4:12 
374 

543 
3711 

100 
117 

100 
113 

293 
380 

10.5 
13.6 
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our results are suggestive of rising profit by heavier 
manuring itrising altitude. Especially it seems to 
he more significant when lower sites of the valleys 
are compared with the tipper hill and mountain 
slopes, 

As many as 4000-4 500 fu/ha/yr may not he 
estlimate(l its I hig yield. Variations are implied, hut 
notice that the results are founded on a lirge numher 
of experiments accomplished during iisuccession 
of years ind include extreme climatical variations. 
Also, the ferlilizing is not heavy, farnlyard nulinlre 
much isnormal, hut artificial fertilizer supplements 
lightly or very lightly used, cotnlpilridl with more 
modern standards. In extrvmlely' few cases, if any, 
has the lowland exhibited greater yields than till 
highland. 

SOME INDIVIDUAL PLANT SPECIES 

Barley 

Barley has been cultivated on the hillsides from 
old times. The tcultivation has decreased durinm4 later 
years. Experimental data presented in Table 2 are 
founded on results from the years 1945 to abouL 
1965. The account in Table 2 is set tip separately 
for the concerned stations and adia(cent districts. 

TABLE 2. Yield of barley, kg and fu per decar 

S1ition Nearth [)istricls 

Area Sialion Griin Straw Fi (rain Straw Fi 

ttighland Lokeii 383 416i 492 311 4110 44,j 

Lewlotid Nlnost/ 
Vollelb. 125 362 419 325 363 421 

Lmwl./tHighl. ("41 85 87 85 101 75 94 

The figures originate to some degree from a time 
when the plant rotation management was the ruling 
system and new systems had not yet been widely 
adapted. For the following yield of barley, we refer 
to some figures by Magnus jetne from experiments 
in the highland. 

Preceding Crop Grain Yield 
FPotatoes or roots 401 kg grain/decar 
Meadow . ..... .. 347 kg grain/decar 
Barhy.........'36 kg grain/decar 


Cultivating potatoes in one or two of the preceding 
years required well-manured and worked tip soil, 
and created high class conditions for the following 
growth. 

Quite another thing was the continuous cultivation 
of cereals for years, which for many reasons, general-
ly of an economic nature, had be;en advised the last 
several years. The livestock had diminished and the 
one-sided cereal cultivation was set up as the preva-
lent pattern. This management had its most intense 

development on the lowland, hut reached Ihe lower 
localities in the valleys iaswell. 

Nothing seeins to suggest that tlhe hill land should 
he inferior in crops of harley proporlionately to soil 
and climate, provided suitahle selections of varieties 
are made. The elevation of Ihe valley ind hill slopes 
are, of course, not without effect. Around Valdres, 
which very frequently in this contrilbution is consid
ered as a central locality, isthe exprintal station, 
Loken, sited at 550 inaltitude. Based tin mnalny yvilrs 
experiments and experiences, I an inclined to sug
gest that unfailing yields rea., letharvestedi up to 
600 or 650 I altitude. 

Potatoes 
Data are extracted from experimental reports from 

Loken representing the highland, and Moystad tihe 
lowland (Table 3). 

TABLE 3. Yield of potatoes, kg/decar (1940-65) 

Altitude Yield i1,g 

Area Station Ill 'Ithers l)rY Mailher 

Higland Loken 550 3047 1109 

Lowland Moystad 180 3 165 1154 
Lowl./Itighl. () 117 ill 

The yield at lowland is hardly in excess of :iO00
3 500 kg/tuhers per decar. I11P the valley slopes often 

we find 4000 kg, and :1500 kg oilall average. 
Proportionately, the lowland has producedtl0-9)";, 
compared with the highland. Apparently the hill 
crop balances tip to the standard when referred th 
content and yield of dry matter iswell. 

In an experimental report from Loken, Erling Olseil 
has computed data for the years 19,18-64. For Ihe 
upper field group al a ihiddle height of 750 tit, the 
dry matter yield was still 724 kg. This figure is 
not far from the average yield on the lowland in 
the district of Moystad (Iledmark Country). 

The elevation brings about naturally enough its 
limitations. As one passes tip the valley slopes, the 
temperature tends to decline and the length of season 
of growth decreases. One should b(e anxious athotu 
under-maturity and decreasing dry matter content. 

Our results coould not with any security he expliin ed 
in that way-and at any rate not to any intensive 
degree. 

Nevertheless, the rising height and its limitations 
may be the object of many deliberalions. 

I am not able to take tip the many-sided problem 
of potato disease andi to what degree Ilie problen 
is related to the dlevat inn. But the infliction called 
dry decay lends to weaken rapidly in the central 
highland above about 550 m altitude. At Loken we 
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had only feeble attacks and not very frequently,
either. Diseases induced by other virus attacks, we 
don't qui.te get rid of-but, they occur mostly in 
the lower localities. Plant-louse, the infection carrier 
(loesn't grow so intensely-and I should think that 
virus infections we!aken to some degree wilh in-
creasing altitude. 

Potatoes are well known as a frost-weak plant
species, and of course at the higher locations they 
are affected by night-frost-more frequently in our 
northern hill anti valley slopes. We require more 
frost-resistant varieties, and it should be of interest 
to get some information about experiences and re-
search work connected with that point and the results 
obtained in other exposed high altitude situations, 
Roots 

The experiments summarized in Table 4 were 
carrie d out during the years 1953-61 as reported
by Birger Opsahl. 

TABLE 4. Yield of turnips (kg dry matter/decar) 

Situation Station Roots 
Root 
Lav.s 

Dry matter 
Root 

Allithe 
(m) 

Ifighlad Loken 7:130 M10 10.5 561 
Lowland Vollebekk 5115 733 10.4 Ho 

.. wl./Ilighl. (%) 110 02 

The fertilizing in both composition and intensity
is almost identical at the two altitudes. 

If the yield at the highland is called 100, the 
lowland must come close to 80 or 821%, and the 
dry matter content will be almost the same from 
both country levels. 

It was always a pleasure for me to notice that 
turnip fields at Loken at 500-600 in altitude would 
remain green and fresh during all of September and 
even the first half of October. The growth was of 
c(ou3rse decrease(d to a rather great extent-parallel 
to falling temperature-but the pro(:ess was not 
completely bro ught to an end. 

From other experiments accomplished within the 
same period of years, down at the lowland with 
Swedish turnip (klrok) at Ilhe cultivated plant vari-
ety an approximately mean yield of 800 kg dry
matter/tdecar was attained. Comruared with the re-
suits altained at the mountain localities (Table 4)
this c:onstileus about 100",, or a little more. In many
experiments, also at an early period of the year,
it has been henmonstrated that swedes, on the basis 
(tf greater temperature and longer growing season 
rtquirentent, are not able to compete with roots 
(hurnipls) up ith valley slopes or in the upper moon-
lain I :lities. An ol rule states: Plant swedes in 
Ihe Iowlads an( thrnips on the upper sites (levels). 

Meadow Crops 
Results from different experimental series in the 

period 1948-64 are a bstracted for this summary. All 
experiments are not planned or adjusted to be exactly
parallel in time and pattern between the selected 
altitudes, but still the results are useful to illustrate 
how different heights compare in and between the 
Norwegian mountains. 

The lowland is identified with the experimental 
station Moystad, and Loken the highland, with the 
mountain station Berset on the top of an extensive 
mountain plateau. 

At Moystad and vicinity the experinental fields 
are laid out in 1-2 year ley, and for the most part 
harvested two of the subsequent yr.ars. The plant 
association is timothy and red( clov). 

At Loken the experimental fields are laid out in
first year ley and harvested for 4-5 years. The plant
association is either timothy in pure stand or as 
a main plant mixed with a minor part (i tescue 
(Festuca pratensis), Agrostis tenuis, and in some 
cases red clover. 

On the ley at Berset a corresponding seed mixture 
has been used. Timothy is the main plant, partly
in pure stand and in some cases mixed with agrostis 
and fescue. The experiments are harvested up to 
7 years. On the surface cultivated natural meadow 
fields at Berset the association of grasses consists 
for the most part of Deschampsia caespitosa and 
Agrostis tenuis with some interference by Poa pru
tensis, Phleurn alpinum, and Anthoxanthurn odora
turn and, in addition, numbers of herbs. 

The experiments in the lowland are harvested two 
times a year, at the highland location one or two 
times, and at the mountain site one cutting (Table 
5). 

With the most intensive fertilizing (or mean of 
the two most heavily fertilized plots) yield at the 
lowland was around 1000 kg and at the hill land 
about 950. But we have cases under hill land condi
tions, too, where two cuttings have come up to 1 000 
kg as well. On artificial meadow (ley) in the moun
tains, the yield is about 700 kg, and on natural 
meadow about 500 kg. 

When proportionately computed and yield at the 
central highland (the Loken experiments) calculated 
as 100, the lowland yields were 107'%, and the 
mountain yields approximately 80 and 57% for 
artificial and natural meadow, respectively.

The difference between artificial and natural 
meadow on the mountain has in all experiments
been observed to be about 200 kg. Rarul- on surface 
cultivated natural meadow at Berset have we been 
able to harvest above 500 kg h,-y/decar. Most fre
quently the yield has been lower. 

From ancient times the hill farmers have had 
scattered small outfarms (snetervoller)in the moun
tains, where the livestock (including the pig, goat, 
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TABLE 5. Kg hay per decar/yea (1948-64) 

Altitude Typo of Increasing fertilizer Mean of Comp~arison of 

Station (m) Mtvalow 1 

Moystad 175 1evy 790 

Loken 550 Ley 7i1 

LIoken Tim. (I%) Ley H0 

Herset 1)000 Ley 528 
Berset Tim. ( ) Levy 711 
Bterset 1.000 Natural 489 
Blvrsu I Grass (":) Natural 615 

and the cat) has to be moved up for 2-3 months 
of summer maintenan ce. The practice in most cases 
has been to manure the natural permanent grassland 
and, naturally enough, with farmyard manure only. 
In the course of the years wv have had several 
experiments with manuring (farmyard and artificial) 
on that sort of surf ce cultivated permanent grass-
land. The yield has to some (legree been viarial)le, 
but we have scarcely managed to harvest more than 
500 kg dried hay per decar. This result may also 
he justified, as above all it is at moderate- or low-
priced management. Hlowever, some ditching and 
surface cultivating ought it) he done. 

The possibilities of increasing the number of 
natural cuttings and quantity of aftermath depend 

on many factors: time of main (;utting, plant associa-
lion and manuring, and, not the least, moisture. The 
growing season, which I have emphasized many 
times, decreases with rising alltitude, and therefore 
the basis of more frequent (cutting dec:reases. The 
extent of the area hinted at here has of course 
considerable variations. I am inclined to suppose 
that inside the more central hill area (the Valdres 
area) and up to 650 or 700 m altitude, the aftermath 
may provide a comparatively good yield. Connected 
herewith I want to emphasize that on our hill farms 
it is customary to graze the meadow land until late 
in the autumn-many places too severely I am 
afraid-and the aftermath is largely harvested in 
that manner. 

Among the grass species and varieties there are 
differences in vegetative ability after cutling. On top 
of the list we have cocksfoot (Daclylis glotneratIa) 
with fes(cue (Festuca pratensis)not far behind. But 
cocksfoot has a weakness for blight (rust) fungus 
attarck, and a low ability for wintering under lipper 
hill land conditions, and still weaker on the mooun
tain. The Norwegian variety, Grindstad timothy, has 
a medium position, with the north Norwegian varie
ties (Bodin and Engmo) as its weaker patners. 
Varieties of Agrostis are winterhardy, btl begin 

growth late in the spring and have weak ability for 

aftergrowth. Poa varieties are more in the middle. 

2 :1 2-3 

107940 1 060 1000 

919 947 91:1 100 

116 fit) 117 

677 771 724 711 
115 115 115 

512 534 523 56 

15 70 00l 

The manuring is an important factor as well. 
Accounted as an average for the years, the following 
figures show the rates of application expressed its 
mean values, for the two heaviest fertilizvd experi
inent plots, in kg,/decar/year. 

Highland Lowland 
oken and Berset Moystud 
1) 1)K N K N 

') H.3 11.1 3.3 7.1 14.6 
2. 7 

As will be noticed, fertilizing is kept within 
moderate limilU. For 1f and K it should represent 
a balance between the amount supplied and that 
carried off. Also, the difference of intensity bet weeni 
lowland and hill land (including the mountain) is 

not large: it Could be estimated its nearly negligible. 
The greatest difference is associated with the supply 
of nitrogen. It represents about 25 kg nitrate of chalk, 
and corresponds to the extra supply for the second 
cutting consistently carried out in the lowland ex
periments. The lowland should, by the balance 
calculation, be profitlbly dealt with. 

SEPARATE EXPERIMENTS 
These cxpe,-rim(nls were laid oti in 1962 and 

completed in 1967 at three altitudes, (61 N): Apels
voll at 250im altitutde: Loken at 550 m; and Ihersel, 
at the top, exactly at 100() m. 

We have had two parallel fields on each station, 
mowed an(] grazed alternately every set:ond year. 
Cuttings were made three limes a year al Apelsvoll, 
two at Loken, and one at Berset. Fertilizing was 
the same at all three stations, and the sa me grass 
varieties were seeded. 

TABLE 6. Hay with 17% water, average 1963-67 

Apelsvll 

Altiludh! (m) 25i 550 1(100
 

Kg/decar 6117 11S:t (125
 

Comparative yield iWi C100 7:1
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The yields are repiortel as dry matter, recalculaled assimilation capacity, and the temperature was fa
to hay with 17% water content (Table 6). vorable for growth. Probably this made a consider-

As an average of the five-year period, top yield able contribution to the resultat Berset in comparison 
has been taken at Loken, and constitutes not less both with Loken and Apelsvoll. 
than 1150 kg. The harvest is less at Apelsvoll and C 
lIerset. Comparel to Loken, the lowland and the CLOVER AND ITS POSITION 
mountain yielded 81 and 73%, respectively. If we In connection with our task, the growth of clover 
consiler o(e variety of timothy, north Norwegian is of particular interest. In the first place the plant 
Engmo, whiclh in several other experiments has been is very valuable for its feed quality, and next to 
the best on upper situations and fairly poor in the that for its beneficial effect of supplementing nitro
lowland, the IHerset yield rises to 740 kg; compared gen to the soil. But clover is also an ambitious plant 
with lthe same variety at Loken the relative yield species. It is therefore ale Io serve as an important 
rises to 92";,. indicator of growing potential on mountain slopes 

As :ompare(d to the results in Table 5 the harvest and, further, to what altitude plants may Ie a)le 
is to some (egree lower. At Loken and Berset the to endure a long winter an( give yields of any 
average is alpproximately 100 kg hay less, and on significan(:e. 
Apelsvoll (the lowland) atbout 300 kg. Several factors The figures in Table 7 seem to suggest that growth 
may :ontrilute to this difference. of clover has been almost as goo(l tip to middle 

The drainage (lid not work quite to satisfaction height in the valleys, compared with the results in 
for thv Apelsvoll experiments. In addition, we had the lowland experiments. By choosing 1-3 years ley 
an early suimer (Irought in one of the experimental as the basis, the (lifference between the altitudes 
years which acted Mnuch more intensively on the is in some cases in favor of the hill land. In the 
lowland than the hill land. In upper hill land and Loken experiments the clover has been more stable 
especially Iln the mountains, as a rule lhe moisture from year to year. At Moystad, on the contrary, it 
is a(lequah. grows excellently in the first year of ley, but is much 

The plots were grazed every second year. We have weaker in the secon(l and is almost gone in the 
exl)erience(l that grazing causes more damage on third. This is much the same development we find 
a seeded sward, compared with culting only, partic- in many other experiments in the lowland. 
ularly upon the timothy. On the mountain, with Otherwise there is a distinctive feature which 
short season anil cooler climate, the growing abhility anost continuall recurs: Rising nitrogen fertiliza
is weaker and more restrict e I than in the lovla nd. tion reduces the clover component in the meadow 
Consequently, the previous years (f grazing may and increases the grasses. That is a conmmon tendency 
act more intensely upon the growth under mountain in most of our experiments. Now that greater empha
circumsta:nces. Surprisingly, growth and yield have sis is placed oni producing bigger yields of grasses 
been able to crrulete closely under valley and to be conserved as silage fodder, and available 
lowland conditions. subsidized low-priced artificial nitrogen is abundant, 

Partly to compare results hetwcoa experiment we have the impression of dwindling clover in the 
stations ar(l partly to ie symnietrical in time for meadows. Whether this is good or bad, Idon't know, 
the several manurings, one saltpelr fertilizing at because of complex economic reasons. However, 
l3ersei was made at a Iire when the vegetation had yield of grasses from artificial and natural meadows 
started well uil) and had reached aborut 15-2t1 cm- has tbeen rising to a considerable degree. 
abort nil July, ani consetliueritly in the middle of Farmyard manure has an ability to stimulate the 
the most intense growlh. The vegetation was at its growth of clover. This effect has been demonstrated 
most effective development, had nearly maximum inr many of our experiments. One or two years of 

TABLE 7. Clover, component as percent of total herbage yield 

Year Area Ila'Io 
Year of 

Ley N, 
N Fertilizer 

N, 
Level 

N 
Altitude 
(M) 

1914-511 
1942-13 
I152-160 
1947-64 

lill 
Low 

Ilill 
Low 

Loken 
Moyslad 

iislricls 
Dist ricts 

I-:3 
1 - 3 
1-3 
1-3 

25 
:i 
:12 
ill 

20 
:333 
29 
13 

19 
13 
211 
I0 

550 
11r0 
489 
20(0 

N -N, risinr nilrogen sullpleneni. 
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cultivated farmyard manured potatoes or roots in the middle of June to the middle of August during 

advance of reseeding of Icy should have a beneficial a ten-year period, 44 mm more precipitation was 

effect upon the clover development in following measured compared with Loken (at 550 in), Totals 

years. Because of an abundant access, farmyard ma- for the same period were 189 mnm at Berset and 
nure is the only fertilizer used on the small fields 145 at Loken. Oil upper hill land and in the montn

of arable land, especially on the upper sites of hill tains the moisture, as a rule, is adequate. But down 
land. in the valley it is more variable and many times 

The winter climate in our eastern mountain terri- inadequate. 
tories, particularly on the east side of the Long Another component factor, theltemperaturte, which 
Mountains, has considerable stability and is judged in many cases is the limiting factor, is to) low. Many 
an important factor to wintering plants including times at Berset I observed damage to fescue and 
clover. Deviatiens and variations may occur, but as timothy after one or more nights of tenperature near 
a rule the atun n combined with a light :o\e!r of or under zero. However, the growth was quick and 
snow brings about a slow freezing down of the healthy again when the temllerature went upwards 
ground. The ground continues almost in that condi- for a week or tvo. The situation at and between 

tion with a sparse or hvavier Liver of snow, through the mountains remindedlmeif Troms county, nearly 
the whole winter. Most frequently ia slow, thawing the utnist north of our country. where plants stimu
occurs (ring the month of April and first half of lated h' 24 hours of' daylength could grow very 
May. The severe alternation of freezing anid thawing rapidly indteed, if only the temperature were high 
during an otherwise severe winter seison, which enough ,ind perniinent enough. 
is experienced oin the coast and in the north of our The (lifftrence in temperature hetween Ie3(rset ind 
country, and which may he h upon vigor is, iniirol the Loken for the months june-August a ten-year 
of wintering plants, occurs less frequently. period, 3.2 degres Celsius. For the sait months 

The altitude at which clover is aihh to grow and t1;, temperat oru it l.oken is ohservel] to be. 13.3 
give a yield of some consequence, dep nds on a great degrves and it lierst 10.1. This may be estimated 
many factors, but generally it is able to grow and as normal, and gives us 0.7 degre Imnpertuire fall 
give a consideralbh, compo nt yield hinder suihbe for every 100 i elevation in the mountains. Our 
fertilization) up to 651 or 700 i. In the ceitnral observations on this point iare pretty well in agree-
Valdres area. ani o(:c(asiomally the border localities, nent with the standard factor used by foresters, but 
growth may persisl up to 1(1(0 Ili, but the, vinter our observations Seim to be suggestive oif bigger 
can also be too hard and to) long up the valley differrences in May-June and lesser ones in th' 
or mountainslopes. On the mountain station. lverset, atutunin. 
situated at 1000 m, we haitve experiten:ed that seeded 
clover may survive the winter some tiles, but this 
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Crop Diversification in Lowland Bolivian Hills
 
J. A. Duke 
United States Department of Agriculture, Beltsville, Maryland, USA 

Oin three lifferent occasions, at different times 
of the year, I have been fortunate enough to explore 
a very peculiar, almost eerie, hill ecosystem, one 
I will call the coca hills of Bolivia (c2, 16' S, 
67-680 W). Perhaps a remnant of an ancient Inca 
system, these frost-free hills of Los Yungas of Bolivia 
support very intricately terraced "cocales," ie 
planialions of the plant known in Spanish and now 
in English as coca, Erythroxylimn coca, the source
of ccaine. 

I was there to consider the possibilities of alterna-
tive crops for coca. Apparently coca chewing is 
decreasing in Boliviaand Peru while coca production 
is increasing.

Not tolerant of frost, coca occurs in at fiveleast 
life zones in Bolivia: the Tropical Wet, Tropical
Moist, Tropical l)ry, Subtropical Moist, and Warm 
Temperate Moist Forest Life Zones (without frost).
According to Duke et ad. (1975) coca is reported
from areas with p-I 4.3 to 8.0 soil, annual rainfall 
of 700 to 4000 m, and annual temperature of 17 
to 27 C. It ranges from 200 to 2 000 In elevation 
inBolivia and can be grown at higher and lower 
elevations if heat an(d frost are not lethal. It flowers 
well as far north ias 3eltsville (in greenhouses), hence 
problems with daylight length are not readily appar-
!nI. 


Cochrane (1973) suggests that coca grows from
20 N to 25 S and from 1000 to 2 300 m, preferring

high precipilation and temperatur' 
 of 15 C or more. 
Strong dry winds are undesirable. Coca tolerates a 

wi(e variety of soils, but is sensitive to poor drainage.

Unlike tea, co(:a does not need 
an evenly distributed 
rainfall nor exact soil conditions. There are hints 
that sulfur and magnesium may be liiliting factors 
insonie ex-coca Coroico soils, 

Although larger coca plants ire being produced
in the tropical lowlands, the coca produced from 
the smaller bushes of the Yungas Hlills is preferred
by the coqoero, or coca chewer, and the contraban-
dista or coca Iraffiker. Recent analyses performed
by Dr. Norman Farnsworth, tiniversity of Illinois, 
suggest that hill co:a contains more cocaine (dry
weight basis) than lowland coca. Although the 
lowlands may produce more coca leaf per ha, avail
able data suggest that coca from the classical terraced 
hills is higher incocaine, hence more desirable for 
those who want a lot of alkaloid in a little leaf. 

Emphasizing crop diversification potential for the 
coca hill ecosystem, Iwish to indicate some problems
of the upland as compared to the lowland cocales 
that make crop diversification proposals more diffi
cult. 

Gaskins et a]. (1974) suggest several reasons: 
a. Less water in Yungas 
b. Rougher topography in Yungas 
c. Poorer soils in YUngas
d. Poorer communication via road, river, or air 

with the exterior from Yungas
wt Poe eepio from th l -t e 
Yengas farmers. 

For the hill cocales, the team, after reviewing a 
list of more than 500 species that can grow in coca 
life zones, refined the list using cultural, ecological,
and ec:onomic criteria to five woody species groups:
(a) citrus, (b)coffee, (c) quinine, (d) grapes, (e)
macadamia nuts, and four herbaceous intercrops:
(a) strawberry, (b) off-season vegetables, (c) tomatoes 
and (d) tobacco. 
The purpose of this paper is to enumerate other 

crop species which combine certain attributes which 
make them viable candidates for crop diversification 
programs in the Yungas cocales. 
METHODS
 

M 
The Plant Taxonomy Laboratory has developed 

a Crop Diversification Matrix. Details of the matrix 
technique are published elsewhere (Duke and Ter
rell, 1974; Duke et al., 1975). The 1000 species in 
the matrix have been scored for various cultural,
ecological, and economic factors largely from the 
classical literature and from abstracted documents 
for 1970-1976. The National Agricultural Library 
at Beltsville alerts our Laboratory to new documents 
on the 1000 species. We have paid more attention 
to unusual than to usual species and have the data 
stored in manual anl computerized information 
systems. These retrieval systems quickly tell us 
which of the 1000 crops are reported to contain 
any given combina tions of characters. 
RESULTS
 

Hill Species 
Most plants, except certain aquatic and paludal

species can be grown on hills. Many cases in the 
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literature suggest that hills are favored over flatlands 
for several species. A few of these are mentioned 
for the benefit of symposium participants. Most of 
this information is taken from our Crop Diversifica-
tion Files and yTheWealth of India (CSIR, 1948-69), 
•avery useful third worl son rce, 

Of Cory us a vollana L.: -It is coinmon in gardens 
On hill stations. Attemlpts to raise pla nts in the plains 
have proved unsuccessful" (CSI R. 1948-69). Tu-
merit (Curcuina doinostic, ) cultivated in the hills 
is report(( to e of better quality than that raised 
on the plains. (tod air circulation around quin-.e 
(Cv'donia ohlonga), such is provided on slope', is 
desirable. 

Lemongrasses (Cyvinhpogon spp.) produce more 
oil on well-drained slopes than in wet bottomlands, 
where more foliage with lower oil content is pro-
duced. Citronella (Cynbopogun nmrIus) thrives on 
poor soil, especially on slopes or hills. 

Artichoke suckers (C "narascolynh us) for plIanting 
on the plains are obtained from the hill gardens, 
where established plants may be cropped(l for 3 or 
4 years. In the plains, the plants rarely survive beyond 
the first crop. C'vphonailnra heticoa (tree-tomato)a 
is more often planted in hill regions, the growth 
being poor and sometimes fruitless in tropical I()%-
ands. 

In India, Eucalvpltus is divided into species a(;-
ceptable for (1) the plains, (2) the hills, or (3) both 
of these. Feijoa does bett,.r in hill stations than on 

plains stations. 
Even in the U.S., slope may be recommended for 

strawberries (Fragariaspip.). Select a site that slopes 
to the sonth if you want an eariy crop, to the north 
for a late crop. On the negative side, sunflower 
(Helian us anniuus) is said not to su rvive well on 
steep slopes, though I have seen it intercropped with 
other species on gentle slopes in Iran as wvell as 
in my backyard. Jerusalem artichokes (Ieliithus 
tuberosus) and sunchokes (1-1.anniiusX tuberosus), 
although perhaps originally derived from alluvial 
species, are said to do better on slopes. Like olives, 
artichokes do poorly in mid-latitudes where 
photoperiod varies but little. In India, most Ihevea 
plantations have been established on slopes up to 
350 m. 

Broad-leaved lavender (Lavandula latifolia) flour-
ishes best on a warm slope with a south to southwest 
exposure. Limnanthes alba does best at 6.2 pH, 
especially on slopes. Litchi does better in the hills 
but the lower temperature may be more important 
than the slope. 

Apple orchards (Mahs) should be SO situated as 
to allow (;oll air to settle below. On tops of ridges, 
wind may damage apples. Morinda thrives on slop-
ing ground. Even a watercress (Nasturtium offici-
nale) ted should have sufficient slope to allow good 
flow of water. Olives (Olea europaea) do best on 

Mediterranean slopes (hut since they are said not 
to flower at latitudes below 250, they are not to 
be recommended for Bolivia, unless new strains have 
been developed). 

North slopes in dense shade are recommended 
for American and oriental ginseng (Panax spp.). 
Parsnips (Pastinaca sativa) thrive in a cool climate, 
and in India, hills are best suited. Kikuyu (Pennise
tWn clandestinurn) is considered to be particularly 
suitable for moist hilly situations in India, where 
it is good for soil binding. The scarlet runner be:,n, 
Phaseoluscocciieus, is difficult to cultivate satisfac
torily in most parts of India. It thrives with little 
care on the hills. lay. Pimenta racein(osa, grows in 
heavy clay on hilly slopes with 60 per:en t or more 
gradient, too steep for growing other crops. 

In Ihe northern hemisphere, such plants as black 
pepper (Pipernigruni), like ginseng, are preferably 
located on northern slopes to avoid intensive sun. 
Peas (Pisuni sativon) are grown as a cool season 
crop or hill country crop in the tropics. 

Plum (lrunus domestics) is best suited to hilly 
areas (850 to 1450 in) in India, at least. Peach (Prunus 

persica) types of high quality a exquisite taste 
thrive well in mil hill areas. Sweet cherry (i'uiiS 
avium), peach and )ear (Pyrus conn unis) shoul 
be located on sh0)1s above the cold-air drainage 
pockets. Most pome and stone fruits of the temperate 
zone do better on slopes than oil flat terrain. 

Sandalwood, Ptlrocarpussanalinus, unlike the 
swaninp Plerocarpus, requires perfect drainage and 
grows typically n dry hilly ground, sometimes on 
precipitons hillsides. Biest areas for Rauiwolfia coin
hine high rainfall with proper soil drainage, such 
as slight slopes. Where wint ers are severe, raspberries 
(Ruhus spp.) planted on hillsides are in less danger 
of winter injury, or late spring frost, than those 
planted in valleys. In sout hern areas of the northern 
hemisphere, sites with a northern r northeastern 
xposure are better in that they retain moisture alti 

humus. Most if not all temperate berry crops fare 
better on slopes than on flat terrain. 

The lIulo, Solanmn quitoensis, thrives on wlll
drained slopes of humi d tropical and subtropical 
valleys. Chocolate species ('heobroina), like coffee 
species (Coffea ). may thrive better on shaded hills. 
Slopes are preferred to flat ground for Theohlroma 
bicolor. Being intolera nt to wind, '. cacao often is 
planted on hillsides for wind protection and better 
drainage. With highbush blueberry (Vacciniim 
corymbosin), air drainage is important. Hence, 
slopes are recommended. For grapes, like Vilis 
labrusca, areis on hillsides around large lakes are 
considered ideal. 

By now, you may correctly suspect that there may 
he more crops tolerant than intolerant of hill silua
tions. Hence, the criterion hill tolerance does not 
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eliminate many candidates from consideration as TABLE 1. Crops cultivated in Los Yungas

alternative crops for coca in the Bolivian hills.
 

Yields of some oBolivian crops are presenled below. These dalaLongevity art presented to suggest with which native crops a new introduc-

In steep slopes, the intense cultivation of annuals, lion might need compete.
 

except as carefully nursed intcrcrops, is lialble to Agapanthus sp. Ilydrangva sp.

induce erosion. Therefore, I suggest that we should 
 Allium cepa L. Ipomicna hatitas (..) Lan.
consider only perennials, like coca itself, as major Ananas comosus (L.) Merr. Juglans sp. 
crops for thte hill uncaies. There are more perennials Annona cherimola Mill. Lallah purpureus (L.) Sweet
than annuals in our Crop Diversification Matrix, so Arachis hypogpea L. Lactuca saliva L. 
the perennial criterion eliminates few (andidates. Arracacia xanthorrhiza Bancroft Lens culinaris Medik. 

Linum usitatissimnuom L. 
Life Zone Adaptability Asparagus officinalis L. Luffa sp. 

Hasella allbaL. Lycopersicon esculentumRainfall in Los Yungas (based on data from Coroi- B3eta vulgaris L. Mill.
 
t:o, Chillltlmani, Irupa na, and Los Anguia) ranges Bela vulgaris var. iicla L.
 
from about 900-1 500 mm, averaging closer to 1 200 Ilixa orellana L. Mangifera indica L.
 
min. The meian annual temperature illcoca-growing Brassica sp. (cabbage, Manihol esculenta Crantz
 
levels ranges from about 18 to 21 C, averaging closer cauliflower, kale) Medicago sp.
 
It) 19 C. This suggests thal much of the coca is Cilathea allouia (Aubl.) Lindl. Musa paradisiaca L.


C. Tis uggststha ofthecoc Canina edulis Kermuc isgrown in the Subtropical Moist Capsicum spp). Nicotiana tailacum L.
 
defined roughly (Holdridge, 1947) as the zone with Carlo, papay. L.
 
the anntal temperatures hetween 18 and 24 C, an( Chrysanthemum sp. Passiflora spp.
 
anltlill preipitation between 1 000 and 2 000 ilmi 

Forest Life Zone, capni.um spp.KuNtia Opuntia sp.t um 

Cicer arietinum L. Persea americana Mill. 
rainfall. More species seem to tolerate the Subtropical Cinchona sp. Petroselinum crispurn (Mill.)
Moist lorest Life Zone, eliminating few candilates. Citrus spp. (orange, tangerine, Nym. ex 

grapefruit, lime) A. W. Hill 
Exotic to Yungas Coffea arabica L. l'haseulus lunatus L. 

Colocasia esculenta (L) ScholtYields for Yungais (:o(d be improved with better (and Xanthosoma sp.) Phaseolus vilgaris L. 
gernipliism of extant crops. However, I exclude from Crotalaria sp. Ilimpinelh anisum L. 
Ihe Crop t)iversification concept crops that are al- Cocurhila slpp. Pisum sativom L. 
realy grown in Yungas. The team observed or heard CtIcuilis Sativs L, Polianthes tuberosa L. 
reliable reports of the following species being grown Cynmhopogon sp. Raphanus salivus L. 
illLos Ytnigas (Table 1). Cynara scolym is L. Ruuhos sp p.Cyphomaidra btlacea (Cay.) Solanum tuburosum L. 
High Calcium-High Iron Srndt, Sorghum t)icolor (L.)Dilalcnl.nsL.carota Mounch. 

If food were our main objective in an alternative Eriohotrya sp. Spinacia oleracea L. 
crop for :oca, we should( select foods, like coca, Ery hroxylum coca Lam. Tephrosia sp.
high in iron and calcium. No pilant in the Food Eugenia janmhos L. 
Composition Tabhle for Lalin America (Wu Leung Forluinlla sp. Tetragonia expansa Murr. 
and Florer, '1961) is as high in calium on an Vigna radiala (L.) Wilczek 
as-purchased basis as is coca. Fragaria spp. Xylopia aelhiopica ([)unal)

;lycine max (L.) Merr. A. Rich,The following items, some not ustally consumed (;ossypinin sp. Zea mays L. 
as fo(od, a;re high-ilhcIni, h igh-i ron: AteW catechi, Ildysarumn coronariun L. 
Brosinun alicastriin,(ianwllia sinensis, Ceratothe
(:a Isvs,dnoides, Cheopodinin anbrosioides,Cicer 
arietinn, Corchorns olitoriis, Cocurbila maxima, 
Cinznin c'inininn, heusine coracana, 'ryhroxy- Economic Considerations 
Jh1i1i coca, (;l(:ile ImiX. Lell.iIl(l? lillisiliqua, Mil'- According to Bolivian agricultural import statistics 
ra.va koenigii. Ivrilla frutsce;ns,Phaseols vilgfiris, awilable to the team, the items in 'Fable 3 are 
IPinlpinmellitaallisiuI, Sesiam nln itldialli, Sinapis aha, imported into land-locked Bolivia. 
Slallni nigrun, Ioerlilitllia cltappa, ilnid Vigna Many of these imports could be satisfied by crops
miguiculatta. ()Il!
part or another of Ihe species is that could be raised and produced in Los Yungas
high illclcit in itnd( the saime or another part is with appropriate infrastructure. Good wheat varieties
high in iron. These (except for Areca, another "nar- for this life zzone are not yet available in Bolivia
coltic") light he (:onsi deredl to sullplement the diets (or elsewhere?), at-d the slopes are such that mecha
of :ocI chewers who give up their coca, with its nized cultivation of any cereal shoulh be discour
high iron intl calcium content (Duke el al., 1975). aged. At the lower elevations where coca grows, 
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TABLE 2. Some Bolivian crop yields 

l
(Hilsod oilunpublished f iles,~ t till 

liolivian Ministry of Agrictlltir) 

Crop Yield Kg/ha 

ippl 5:300 

kiillal 23 500 

irlvy 700 

lI,!,i (tdr) 400 

clb;~bigi 1500" (4 500)" 

ciarrot (3000 

Cdssdv 13 300 

(:hcrry 1 500 

A)Iotl 600 

t.itrus 12000 

(:(n,l 250 
(ct)ci. 850 
corn 1 250" (300)" 
c:lltolrl 1 000 
fhl, imiin 1150 


irililizos 500 

gcrli-: 2 500 

griin' 0 700 
grpefruit 21 450-24 320' 
killnqihdtl 5 460' 

lenti 900-9 4110' 
lin 4 500-21 930'
1J.1 675 

MA:, 3 600 :1(10(1.irolela 

mlioll) 7(0(1 

h)rdilge 16701'; 1'111-1:(120 

l)w:l(h 4 000 


p 51000 
rH4antll 1p10[0 


J)Cd 700' (30(00) 

plintalin 16 000 

plutit 7100 

quinoa 750 


rice 2(100 
soybenii 700' 0(1)0)) 
strawliurry 17500 
stringleiin 100(1" 
sugar 40000 
sinflower 100-1 440 

sweet potilto 7500 

tangerine 14 100": H3670-20 240" 
tomato 10200 

utl uco 1 90 
wheal 75 


'Chipiriri 
"Ytungiis 

TABLE 3. Itemization of some 1971 
Bolivia 

Producl Kilos 

Honey 
O1' 

7 11: 
12 2115 

Pdllli 91595 

Onion i1 5 

Tomiato 176 304 

Zapdhll 550221 

Frijol 16211 
Dehyd. \ egvt.ihle 13 275 

a130 
I lab, 465 

Lentil .1 25 1 

Aii sieun :17669 

Swi..t )litlilt 415 
nhishelied [lilt 170 

Shelled nut 16 
Dart with pit 2111 
),ntt withotll it :107 

Grilld (Ai()inut Ii;. 24 4911 

)riedI Fig 14:1 
(,1 pe, 1221154 
Raisin 211495 
Aiiplh :172111316 

lear U 141 
Apri.it (p us leailh) 
Ce,ria 

I 351 
3•:.1(15 
-.'25.2..2 

W'teuil mlon 1060 

Grond cff.c 44 
Te'l 303I 596 

lraguay tea 171217 
Ipper (Piper) 77(041 
(;rui)nd l)up)'r Iil(1 
Vantill 225 

CanvIa (iiinimoull) 77 1132 
;round cinna nmon 5 763 

Clove (claivo) 7757 
Nutimeg (wholv) 3 3:16 

Nutmeg (ground) 1(7 
Anis, seeils of )adiman, hinnjo, 

cilantrio, coinino, aluisira y 

Comi no (whole) 117419 

Conino (ground) 36 
Ai's + badiana 

(Anis estrellil) :141 
1
Tomilhoi laur l,afraii' 

Not ground 119 

Ground 252 

imports to 

U.S. Value ($) 

3,431 
977 

1126 
1-.(1 
12,445 

2,135 
1911
 

10,02
 

15 
I1l 

12,3711
 

7,102 
239 

30 
69 

1,74:1 
2511 

12,655 

149 
17,1061 
l:lt(i 

143,121 
1.406 

3(f;
39:19 
22' 

117 
3513 

3141,506 

33.9144 
75,169 
2,270)
 

:17 

104,107 
7,1102 

:12,500 
4,415 

587 

122,42(1 
124 

:166 

1,109 
7:16 

(Continued) 
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TABLE 3. (Continued) 	 the chill factor requirements of most varieties of 
apples and other pome and stone fruits could not 

Product Kilos U.S. Value ( be satisfied. The literature suggests that olives will 
Cereals not flower at low latitudes. Cloves might require 

Wheat 44105635 3,09,30,O a more humid tropical environment, as might black 
Harlvy 12 23 pepper. Flax was observed as a weed in one coca 
Oats 273 093 45,152 field, hinting that linseed oil, though not recom-
Corn 5462 1,oo6 mended as an alternative, could he produced in hill 
Ri:e 30 30 cocales. Although different species might he in
lhvr cereals 2974 969 volved, cereals, oilseeds, fruits, teas, liqueurs, and 
Cirral total 48 309991 4,962,1:0 spices imported into Bolivia coul1 be produced in 

.iuilh (I lp) 98091 125,22(0 Yungas, but perennial tree sources are to be recom
;arrofas (:raonia) 77 223 m ended instad of an nuls. 

(;urns and resin 311569 24,585
Pork lard 17733608 5,832,407 More important, coca, like opium and even mari-
Chicken fat 10812 3,394 huana, is a crop with a high-priced, labor-intensive, 
Pork fat 66140 55,1154 low-weight end product. The more remote the Boliv-
Fish liver oil 87611 :1,471 ian coca field, the more important it is that proposed 
linseed oil 199311 7,784 replacements have such attributes. Several species
Sunflower oil :145 911 142,114 share these economic attributes, btl many of them 
Olive oil 1:10602 56,026 may do better in ecological situations other than 
Refined vegetale oil 3 2:14 5(2 1,013,639 the Bolivian hill cocales. 
Crude vegetable oil 2 216 221 826,111 
Linseed ± 125 000 1 45,000 

TOTAL OILS ANtD FAI'S 202115711 1,562,928 REFERENCES
Othe~r small cnategories(lucosea 41 305 6(097 Cochrane, T. T. 1973. El potential agricola del uso de latierraen Bolivia. Un mapa de sistemas de lierras. Division de RecursosChewing gum 124824 160,097 de Tierra. La Paz, Bolivia. 
Caodies, etc. 70 032 74,038 Council of Scientific and Industrial Research. 1948-69. The welth 

Total confectionery 255 02 252,493 of India. 8 vols. New Delhi. 
Chocohat.. and products 11 430 104,511 
lour and noodles 1:357205 437,250 Duke, 1. A., Aulik, D., and Plowman, T. 1975. Nutritional value 
Liquers an(] vinegar 562897 225,1117 of coca. Botanical Museum Leaflets 24(ti):11:-19. Harvard 
lDiverse prepared food 297333 4117,637 Univ., Cambridge, Mass.
 
Tobacco products 466619 805,117 Duke, 1.A., Hurst, S. J., and Jones, IV. 1976. In Multilingual
 
Fertilizer 4917417 584,536 crop diversification matrix. Sutmitted t- ihe XII International
 
Pa per 6414 11110 1,130,16 Botanical Congress for demonstration and puhlication.
 
Flax and ram ie 1305 2,427 Duke, 1. A., Hlurst, S. I.. and Terrell, E. 1. 1975. Ecological

Cotton and its products 183 795 5301,86- listrihution of 1000 econom ic plants. Iifornaciona) Dism Alerts.
 
Peanot Ieull er 4139 662 Agronomia No. 1,IlCA-Tropicos. Turrialba.
 
Ketchutp 1934 24,765 
 Duke, 1. A. and Terrell, F. E. 1974. Crop diversification matrix: 
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Appraising Land Potentials for
 
Commercial Apple Production*
 
R. F. Gorman 
Washington State University, Pullman, Washington, USA 

Interest in appraising the suitability of land for 
apple production has increased in recent years (cle 
to the high rate of returns which (:an be obtained 
from relatively small orchards. 

Several features associated with su itaIle orchard 
sites are found in hill lands: fields, often limited 
in size and shape, are suited to high intensity 
agriculture: land is available for orchards sinc, imany 
hill areasare used for such non-cultivated procluction 
as pasture, hay. and timber: and since ipple pro(duc-
tion is labor inteisive. it is well suited to the small 
family farm. ltowever, orchards require sizeable 
investments, and proper site selection will dire(:tly 
influence the fesiility of apple pr()du(:ti)n (Gardner 
et al.. "1922). 

This study attempts to (es(:ribe what constitutes 
a favorable apple orchard site. In doing this it w%,as 
necessary to learn why soe apple pro(lu(:ing areas 
have devl(loped. why some,: have failed, and why 
still others in seemingly less favorabh areas have 
persisted. 

Relative to general agriculture, apple orchards. as 
a mono(:ultural system, are young. Prior to the I170's 
most apples were grown on general farms, along 
with other garden (rops. an(] sold locally. These 
apple trees were grown from seed and consequently 
the apples were extremely heterozygous. 

In the late 1800'F i.s cities expanded and agricul-
ture became more spe(,:alized, the farm orchard plots 
were increased in siz- to produce fruit for the 
expanding urban pOp1lL. ions. Orchards often were 
relegated to hillsides ano other sites not suitvd for 
extensive farming. Marketing apples in distant cities
required development of orchards which coul pro-

duce quantities of standardized fruit. Conseriently. 
standardization meant fewer varieties having consis- 
tently better quality and yield were grown. Also 
mixed plantings of seedling trees were replace(d hy 
plantings of a few varieties propagated by grafting. 
This trend resulted in increased pest problhms, 
making pesticides and improved control measures 
essential. Furthermore, as production costs in-
creased, better orchard management was requirel. 

* Basd(t on MS. thesis, Wshinglon State l.nivrsily, 1976. 
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In a period of 50 years, apple orchards became 
viable enterprises. Unifrt untely, millions of dollars 
were lost as entrepreneiiias and unexperienced grow
ers planted thousands of acres ill unsuitable locations 
as in Dufu r, Oregon, and western Colorado (Ure and 
lBinkley, 1976). A study of the d(evelopment arl 
decline or continuance of apple production areas 
provides insight into the sele(:tion of favorable or
(har( sites. Folger and Thompson (1921), Maynard 
(1923). Rees (1926). t1pshall (1976). and the Wash
ington State University L.ibrary Archives provide 
much historical background used in this study. 

MATERIALS AND METHODS 
The problem of ht't'rininint a system of appraising 

land potentials was approa(he(d in three different 
ways: (1) a literature seairch to (etermine the factors 
limiting the growth and(ldevelopnent of fruiting 
apple trees ,ind to evaluate various studies which 
have been utilized in orchard site selection: (2) crop 
'nd acreage statistics to identify major worldwide 
apple producing areas and changes which have taken 
place: (3) literature and on-the-site analysis oif Ihe 
changes which have laken place in local fruit-grow
ing areas in Washington. 

In this approach, partic ular attention w,,is given 
to the literalure, statistics, and the historical resumes 
of apple producing areas of the Ujnited States, since 
this information was most readily available. It was 
gathered from industry. comm)olity groups, and 
horticultural organizations, Ile US. Census, the U.S. 
Statistical and Crop Reporting Service, Still( Land-
Grant Universities, and the UJSDA. 

In the major a pple pro ducing regions of the worhl, 
production is centered in hilly or mountainous areas,
along river valleys and near large hodies of water. 

Textbook (hes(:ri pt ions of apple orchards, such as 
those found in (;ard ner e/u4. (1922), Chandler (1925), 
and Childers (1969), stal( that the selection (f a 
favorable orchard site is a major factor ill its profit
ability. Kramer and Kozlowski (1969) grouped those 
factors important to favorable sites in three catego
ries: edaphic, climatic, and biotic. Other factors not 
mentioned by them but e(lually important are those 
related to managenenI, marketing, and commerce. 
Many of the factors can be com)ensatedl for by 
horticultural pract ices in moderately unfavorable 
conditions. For example, irrigation can supplement 
low natuoral precipitation. 
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Pruning Can increase light intensity and spray
penetration into the tree as well as regulate cropping.
Orchard heaters and other frost control devices can 
reduce frost hazards. Fertilizers can compensate low 
soil fertilily. Marketatle cultivars grafted on locally
adap'ed rootstocks enable production in colder cli-
mates and in unfavorable soil Conditions and provide 
control of tree growth and fruiting. All these are 
examples of hortmiultural practices designed to 
m1inimize environmental factors. 
EDAPHIC FACTORS 

The edaphin factors common to favorable sites 
iare related to soil, topography, and land. 

The soil provides anchorage, nutrients, anti water,
all of which are essential. Apple trees can be grown 
on a vide range of soil textures and types, but 
infertiIe soils, highly variable soils, poorly drained 
soils, shallow soils, or soils with toxic substances 
will result in significant management problems
(Chandler, 1942). However, deep fertile soils :an 
minimize the effects of some less favorable aspects
of the physical environment, 

For example, deep volcanic soils with high water-
holding napacity have enabled the non-irrigated 
production of apples in the White Salmon River 
area of Washington. lhe summer rainfall deficiency
in this area is offset by retention of winter precipi-
talion in the deep soil. 
LAND 

The availability of land and Compeling land uses 
significantly influences orchard site location. In 
marginal apple orchard locations, more profitable
alternative Crops wvill he grown if environmental 
Conditions are favorable. The possihility of prodtuc-
ing an alternative crop acco:unts for some orcharls 
going out of produ(lction, while others have no option
but to continue raising apples (Krueger, 1963). For 
example, more profitable row Crop farms replaced 
many Orchards in soulhern Idaho and many Midwest 
states (Ilorn. 197(i). 

Another alternative land tise is hrban develop-
mrit, whicmh is a coinstanit threat to orchards located 
Close to :onsti mers. Urban development is more 
likely to absorbI lhe smaller, more marginal orchards 
instead( of large orchards. 'lhe latck of alternative 
landitse is one reason why apples will be grown 
inseemingly less favorable locations aid Conditions. 

Orchards often octcupy specifin sites and are fre-
quently associated with otheragrictultural endeavors. 
The common loca tion is on a hillside or sloping
ridge above pastures or Cullivated lowlands (Kimball 
and (ilbert, 1967). U1pland sites, being less suited 
for ctultivated Crops and land dexvelopment, hecome 
prospective orchard sites. Orchard slopes should beat hiast 3% to provide air ani water drainage.
Ilowever, orchards have terrain limitations resulting 

from mc-ern mechanization and labor preference -
and topography limits field size anl orchard opera
tions (Childers, 1969). Slopes greater than 20%, 
unless terraced, are difficult and hazardous for farm 
machinery operation (R. B.Tukey, 1971). Orchards 
must l)e large enough to provide the grower with 
sufficient income while providing for necessary 
replant area. 

CLIMATE 
Climate has a major influence on growth and 

fruiting potential of a tree. Included are light inten
sity, quality, and duration; seasonal and diurnal tem
peratures; amount, form, and distribution of precipi
ration; and wind and air movement. Extremely
cloudy locations can cause redluced photosynthesis, 
increased susceptibility to fungal diseases, an(l re
duced yield and grade. However, cloudy nights are 
an advantage in spring frost prevention since the 
earth's heat, given off at night, is trapped below 
the clouds. A greater importance seems to be the 
light intensity within the tree canopy itself. Studies 
by Heinicke and Hoffman (1933) indicate that light
intensity within the canopy limits fruit color when 
it falls below two-thirds of full light and limits fruit 
production when it falls below 40',, of full light. 

Temperature 
Temperature is probably the most limiting climatic 

factor in apple production (Blampied and O'Ken
nedy, 1967), (Kramer and Kozlowski, 1960),
(Childers, 1969). It is influenced by altitude, wind, 
hum idily, light intensity, slope, ground cover, tree 
spacing, andi proximity to large bodies of water 
(IHogg, 1970). Apple trees require sufficient cold 
during the winter to fulfill dormancy, thus enabling 
flower development. Most marketable apple cultivars 
require at least 1000 hours at temperatures below 
7.2 C (Magness and Tratob, 1941). This Chilling
requirement has limited production in warmer parts
of the world since failure for a tree to fulfill dormancy
results in erractic bearing and reduced yields
(Kramer and K)zloxvski, 1960). However, extremely 
low temperatures are often credited with the elimi
nation of entire apple production dIistricts, such as 
Kansas, Illinois, Iowa, and portions of New England
(Folger and Thompson. 1921). Furthermore, certain 
varieties such as Baldwin and Rhode Island Greening 
dropped out of prodtiction due to severe and wide
spread winter freezes. 

Spring frost is a major hazard since it (:an kill
the young bud. A growing season of at least 135 
lays, and preferably 160 days, is needed for most 

marketable nultivars (R. 13.Tukey, 1971). During the 
growing season, temperatures between 0 and 35 C 
are preferred. At temperatures greater than 35 C,
respiration exceels phot osyn thesis and fruit devel
opruent ceases (Hleinicke an(l loffmar, 1933). 
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TABLE 1. Interaction of factors significantly affecting apple orchard location 

toxics, 11n1ifornii itysoil sait, 
soil fertility
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Largely because of temperature effects, worldwide 
apple production is restricted to higher altitudes 
in lower latitudes and to lower altitudes in the higher 
latitudes (Chandler, 1925 and Kramer and Kozlow-
ski, 1960). For example. apples are grown in the 

outer Himalayas of India at 1525 to 2 745 m eleva-
tions and at 976 m elevations in the Lebanese Moun-
tains of Lebanon (Rajput, 1969 an( Kamper, 1965). 
The moderating effect of warm oceanic currents 
permits apple production in Norway, Finland, Swe-
den, Washington, and British Columbia. Conversely, 
the cool Benguela ocean current makes production 
possible in South Africa. Orchards are often located 
in hilly terrain because such terrain not only provides 
the necessary temperature modification, but at the 
same time, provides air drainage to reduce frost 
hazards. 

Wind 
Wind and its effects substantially and often nega-

tively influence tree growth, fruit quality and yield, 
and orchard operations. Although some wind is 
desired on frosty nights to prevent air stagnation 
and bud freeze, excessive winds damage the tree 
and fruit (H. B. Tukey, 1974). Wind effects are related 

to the frequency, duration, and occurrence of wind, 
as well as the speed of the average winds and gusts. 
In many instances, orchard wind speeds can be 
reduced by planting wind breaks, bul these are 
successiul only for a lin ited distance from the wind 
breaks (Van Rhee, 1957). 

Since hill lands generally are associated with 
winds, wind effects need greater consideration in 
site selection (Wang, 1972 and Gloyne, 1967). High 
winds accompanied with low termperatures will 
increase winter injury, while high summer winds 
in association with high temperatures arnd low rela
tive humidity will dessicale a tree, reducing fruit 
growth. During the growing season young unshel
tered trees exposed to persistent winds result in fruit 
bruising and tree flagging (branches bending in the 
direction of the prevailing wind). Tree hearing sur

face, and consequently yields, will be greatly reduced 
by this bending. In windy parts of England, the 
Netherlands, Argentina and South Africa, tall wind 
breaks are considered essential for apple production 
(Van Rhee, 1957). Aside from the effects on tree 
growth and development, wind may interrupt or 
reduce the effectiveness of such orchard operations 
as sprinkler irrigation and spray application. 

338
 

http:conpens.it
http:imstm.nt


GORMAN
 

TABLE 2. Description of a prime apple orchard 
site in Washington 

Soil deptllh (;reatr than 76 cm wit hoot any 
impervious layers 

Soil texture Sandy lii 
Effective prelipitation At least 100 cm dislribuld 

throughout iwi growing 
saso,or irrigation water 
availahh: when needed IDaun.onis needed 


nights al)rl)\iniaitly10-itt 

Sunlight Cloudy winters and springs, 
Chlodlfss ),'Wowing season 

Average wind velocities Not over 7 kph 
Winter temperatures 1000 hours with temperatures 

less than 7.2' C,no 
temnperatures below,,-20 C 

Frost-frle period 165 days, no frost following 
1000 degreit tys than 
d0 C) tegining :ess.I until 

Sunulr ilnponitrls 
-r ~ ~ ~ 

harvest 
Days lproxintllv 2 C 
asnp hii)mttmpproimhy 1% 1 

Orchard size Iti ha total with individuhl 
fildl, of 4 ha 

Land slope :t to 5'N' 
Availablility of land No significant clnipelition from 

other lanior agri:ultural use 
Pests Readily cntrllld with 

liviailable liho.r, itltiilnienl.an1d h rchhi
ltgy 


Fruit :ropping Consisttil ihls of iiirketabe 

qualit, 

Varieties M~irkelable ind %,6irli varieties 

grow ,0iriall 
Marketing RIeliable lo.ll imirkits ,id/or 

iirgniz-ed long distlit 
markets 

Coiniunnity support ;rowers in sufficient nuin ers 

and sie tr huriiigni id asa 
viabli vntvrprise in Ithe
Ciinmnit 

Iquipifmit, supplies and 

skilled labor Avuitlile within cotmimutting 
tislanc 

"l'ecilicalaIssistance tritUent :onisultation. at leaist 

weekly 
Storage anditransorttffion 

fu:tititls Readily accessible 

Precipitation 

Tree growth and fruiting are (pendent on ade-
quate soil moisture since photosynthesis can occur 
only when thel tree has sufficient moisture. Therefore, 
pret:ipitation or irrigalion are needed during the 
growing season to maintain proper soil moisture. 
Optimal prec ipitation is related to several variables, 

including the evapotranspiration rate, relative humi
dity, air temperatures, light intensity, wind, soil 
waler-holding capacity, and the cultivar (Chandler,
1942). Apples are successfully grown in England 
despite low annual precipitation because of uniform 
distribution throuohout the growing season and low 
evapotranspiration7 :'Iate.riot all precipitation is wel
comed however. Som comes in the form of hail 
which can destroy both crop and trees in minutes 
(Childers, 1969). Also, snow can refle:.t the bright 

winter sun ontco a tree trunk and (.ause internal 
temperature gradients that will sh itter wood and 
kill the tree. Conversely, snow cover can insulate 
cold-sensitive roots and permit apple production in 
areas of low winter temperatures (Gardner et al., 
1927). Snow also aides in soil moisture retention 
by enabling melt water to penetrate the unfrozen 

ground. Often not considered in classification 
schemes is the effect of precipitation, including snow 
on orchard operations such as pruning, spraying,
and har.esting. 

MICROCLIMATE 

The spacing and orientation of trees in the orchard, 
the presence and type of ground cover, and growth 
and fruiting habits of different cultivars combine 
to form a microclimate within the orchard (Lands
berg, 1972). This can influence orchard operations, 
the incidence of pests and diseases, fruit set, yield, 
and fruit quality. For example, rows planted perpen

dicular to slope will retard air drainage, especially 
when dwarfing rootstocks are used (H. B. Tukey, 
1964). Poor air drainage increases frost hazards 
(Chandler, 1925). Row orientation will influence 
light intensity anl penetration in the canopy (Cain, 
1972). Most ground cover insulates the soil, prevent
ing loss of soil moisture and heat. The cooling effect 
of groulnd cover tends to retard flowering in the 
spring and reduces frost hazard. 

BIOTIC FACTORS 

Most biotic factors of the environment can be 
readily controlled by modern pesticides and other 
pest control techniques which have generally mini
mized the effects of most orchard insect pests, 
diseases and weeds. But frequent and severe out
breaks of diseases and insect pests reitcc the eco

nomic stability (if an apple industry. For example. 
failure to develop adequate coddling moth control 
measures led to the decline of the apph industry 
in the Ozarks (Folger and Thompson, 1923). Another 
biotic factor is man whose activities may advetrselv 
affect apple produoction, due, for cxamilh, to urban 
encroachment, air pollution and adjcent neglected 
orchards which harbor insect and disease pests. 
Furthermore, extensive orchar(l plantings wvill often 
result in population shifts in the natural biota and 
growers must (evise methods that will compensate. 
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For example, wildlife such as deer, mice, gophers. 
rabbits, and birds may be serious pests in isolated 
areas where other, more common orchard pests are 
not prevalent, 

COMMERCE 
A group of factors commonly overlooked are those 

related to commerce. Their influence on orchard site 
suitability is difficult to assess. In selecting all 
orchard site, consideration should be given to the 
availability of skilled labor and technical assistance, 
the availability of supplies and equipment, conimo-
nity support, political stability, storage and trauis
portation facilities, mnd the availability of favorable 
markets. Modern orchards require that sufficient 
labor be available to engage in necessary orchard 
operations. Even experienced orc;hardists require 
technical assistance to repair equipment, to ad vise 
on technical problems such as soil fertilization and 
pest control, and to access ntumerous other anc illary 
services. Orchards require reayl access to supplies 
and equipment su:h ds fertilizers, pesticides, growth 
regulators, irrigation equipment, and farm machin-
cry. Producing apples for the best return on thv 
investment depends on adequate storage facilities 
in order to hold the apples until the market is 
favorable, and transportation ficilities to ge't the fruit 
to market is ileeded and in good condition. 

MARKETING 
Orchards locited near urban markets .tre consicI-

ered to havei rnirketing advantage (Rees. 1921). Some 

growers, such as those in the Pacific Nor)hwest, 
must sell apples to distant markets. Successful 
long-distance marketing developed ias a result of 
standardization of grades, consistent yields, storage 
facilities, and transportation (Maynard, 1923). The 
advent of (:old storage an(l transportation resulted 

in a major shift in acceptable varieties. For instnce, 
the Baldwin, Ben Davis, and %Vinesapvarieties were 

replaced by other, more suitable varieties. Areas 
unable to switch to more marketable varieties wenit 

out of production (Folger an(i Thompson. 1921). 
The Bitteroot Valley apple district of Montana died 

out, not due to climatic adversity, but because of 
inadequate marketing (Metcalf e al., 1976). Growers 
in Doniphan Cou nt%,, Kansas, have long been cited 
for their cooperation in keeping their district, the 
only significant one in the Midwest, alive (Folger 
and Thom pson. 1921). Grower coopera lion in Wash-
ington is largely credited with the growth of that 
state's apple industry (Maynard, 1923). New England 
growers also united in the 1920's to salvajge their 

declining industry (French, 1976). 
Grower cooperation has proved necessary to assur 

the nonphysiological factors affecting pritme orchard 
sites. Failure to develop regional pest management 
had disastrous results in the Ozark apple growing 

region (Vaile, 1976), as well as in much of Maine's 
apple growing area (Folger and Thompson, 1921). 
Growers need to be concentrated enough to justify 
specialized technical assistance, supt ies and equip
ment, and commun ity support-loans. Only groups 
of growers Call attract these factors of commerce. 
Growers serving local isolated markets fare well, 
but those isolated from markets a0(l other growers 
generally fail. Isolated growers have to be exceptional 
orchardists, nechanics, and businessmen. They get 
little advice or service and must convince creditors 
of the worth of an unfamiliar business. 

POLITICAL STABILITY 
Apple production and marketing also are depen

dent upon political stability. For exarnple, Argentina 
is sometimes unable to transport its fruit as a resuIlt 
of civil strife. Tasmania's apple industry was signifi
cantly shaken when its prime customer, England, 
joi ned the Europeani Common Market. Even in the 
United States, government regulations, labor an( 
finances, all subject to political influence, affect 
orchard site selection and operation. 
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The Central Atlantic states of Pennsylvania, New available. At Kearnysville, near the Berkeley-Jeffer1ersey, Delaware, Maryland, Virginia, and West Vir- son border, there were 3 199 growing degree daysginia were responsible for 19% of the United States (50 F) in 1968 as compared to 2679 at Elkins, W.commercial apple cr6p in 1975 and 11% of the peach Va., which is used as a release point because it iscrop.The so-t:alled Cunberland-Shenandoah region the nearest record station. Although the elevationis roughly geographically contiguous across the of Elkins (607 m) is considerably higher than Hampseveral states, produces a unique combination of shire County's median elevation, it should be percultivars, and supplies a common group of markets. missible to infer that Hampshire County is somewhatIn sone of these states, particularly Maryland and cooler than the lower valley. Martinsburg in BerkeleyWest Virginia, references are commonly made to County (175 m) has a growing season of 177 clays"valley" and "mountain" orchards. In 1964, the last between killing frost while Romney in Hampshireyear for which the appropriate data seem to be County (194 m) has onhi a 144-day growing season
available, 68'!1, of the West Virginia apple crop was 
produ(:ed in the Shenandoah Valley counties ofJefferson an(d Berkeley and 24"%o in the mountain TABLE 1. Some geographical and topologicalcorunties of Hampshire, Morgan, and Mineral. Al-I characteristics of West Virginia's principal treethough all these counties lie within a radius of 58 fruit producing counties
kin, and within the same ninutes of longitude (78-79
W) and latitude (39-40 N), there are considerable Totaldifferences in soils, elevation, topography, and cli- Relief Meanmate, some of which are shown in Table 1 (Lee Median (nil SlopeN al., 1973; Lee et 4., 1976). Elev'ation (Maxiinuii ninns Inclination

No pretentions are male that these differences County (1)oilmintin) (%)
are overwhelming or that valley and mountain areas 
never overlalp. Lee et al. (1969) found that the nean Berkeley 17:1.7 562.1
anntal temperatura e decreased about 1.50 for each Jefferson 1511.5 451.1 7.2increase of 300 in of elevation at a given latitude Ilarnpshire 360.3 1169.2 16.7in the Northeast, including West Virginia. Satisfac- Mineral :12.7 B24.4 19.0tory climatological data for many points are not Morgan 249.9 59L3 20.6 
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(USDA, 1941). Over a 38-year span of record keeping 
ending in 1941, Romney had about 100 mm less 
annual precipitation than Martinsburg. but essen-
tially the same distribution. 

Soils can also be used to distinguish the valley 
and mountain orchards. Essentially all the orchards 
inl Berkeley and Jefferson and adjacent counties of 
Virginia and Pennsylvania are planted on Franks-
town (Typic Hapludult), Duffield (Ultic Hapludalf), 
Frederick (Typic Paleudulf) soils, which are deep, 

lime-medium-textured soils derived mainly from 
stone and underlain by limey shale and limestone 
(Gorman et al., '1966, Hatfield tal., 1973). Outcrops 
are prominent in many valley orchards and necessi-
tate some extra care in planting and operation of 
vehicles, but for the most part cultivation is relatively 
easy. Most of the mountain )rchards are on soils 
of the Berks (Typic Dystrochrept), Weikert (Lithic
Dyst roc hrept) Lehew (Typic Dystrochrept). Dekalb 

(Typic Dystrochrept), Associations (Typic and Lithic 
Dystrocrepts) which range from shallow to moder-
ately deep and are always well drained. Mostly these 
are shaly-silty or cherty-silty soils derived from shale, 
siltstone, and sandstone. They are. therefore, a good 
deal more acid than the limestone-derived soils of 
the valley. A few mountaintop orchards are on soils 

a few are on soilscharacteristic of the valley and 
c:ontaining cherts, which are flinty inclusions re-
maining after limestone is dissolved. Mountain or-
chard soils give the overall impression of being 
shallow and coarse. 

While many histories of the Middle Colonies 
mention tree fruits as common farm and garden 
crops, there are few details about cultivars or cultural 
methods. The Albermarle Pippin (Yellow Newtown) 
is often cited as one of the first, probably the first. 
apple cultivars to have originated in the New World 
as a seedling. Subsequently, a number of other 
varieties emerged from the Mid-Atlantic region and 
became important in other fruit producing regions 
of the United States: Golden Delicious. Grimes Gold-
en (both of which were found in West Virginia), 
and Ben Davis are a few (Bailey, 1935). Originally 
writing about 1900, Bailey considered some of the 
best orchard sites itsbeing strung out along lower 
slopes, particularly of the Blue Ridge Mountains of 
Virginia and North Carolina, where apple trees with 
a girth of three feet had been found. Such trees 
would (late fruit growing back to the beginning of 
the nineteenth century at least. The authors have 
heard stories of orchard establishment by itinerant 
(and unsuccessful) tree peddPers after the Civil War. 

According to accounts by a third generation 
grower, peaches were the first fruit crop grown 
commercially in the mountain counties of West 
Virginia, starting around 1900. This coincides with 
the introduction of longer-keeping cultivars such 
as the Carmen. Better transportation facilities also 

must have been a factor in the establishment of new 
commercial orchards, Peach yellows, a virus disease, 
first appeared in Morgan and Hampshire counties 
about 1910. As peach orchards died off, apples were 
planted as an alternate crop. Apples now i)redomli
nate, although peaches have become important again 
after the introduction of cultivars less susceptible 
to yellows. 

Why wou1( anyone try to grow aplples and peaches 
in the mountains? Cultural operations have been 
difficult because of the steep slopes. The thin soils 

obviously have poor nutrient and waler-holding 
capacity. The parenlt material under the shallow soils 
impedes root penetration and prevents good plant 
anchorage. As expected, growth rates and ultimate 
tree size appear to be much less than in the nearby 
valleys. This conclusion is based mostly on observa
'ion rather than any sort of conventional experi
mental or quantitative data; however, Young (1966) 

Frovides some quantitative support. In 1965, 31'% 
of the York apples from aiHampshire County orchard 
were less than 2 1/4" in diameter while only 3% 
from a Berkeley County orchard were that small. 
It is difficult to see how an experiment without 
countless variables could be devised to measure 
differences between the two growing conditions. 
Mature orchards in Jefferson ani Berkeley counties 

ancommonly yield 12 M'/ha:t1 MT/ha woul be 
outstanding yield in the mountains. 

Soil deficiencies in the mountains are at least 
partially compensated for by climatic conditions. 
The many mountain slopes make it fairly easy to 
find sites with good air drainage, where the danger 
of spring frosts, probably the greatest hazard to fruit 
production in the valley, is comparatively slight. 
In spite of rigorous site selection, crop losses exceed
ing 50% occur one in five years in Berkeley County. 
Grower records indicate that losses are much less 
frequent in the mountains (Weedfall Nt al., 1967). 

Hail, always a hazar'] in the production of any crop, 
is reported less frcquently in the mountains than 
in the valleys. 

Temperature means are somewhat less in the 
mountains than in the valleys. The differences be
come more pronounced in August and September, 
at the end of fruit development. There is some 
evidence of an inverse relation between late-season 
temperatures ani fruit-keeping quality. Growers in 
the mountains believe that their fruit keeps better 
than fruit from the valley and, in general, allow 
themselves a longer marketing season. 

The quality of tree fruit, particularly apples, is 
largely defined by color. In the United States, red 
cultivar fresh market apples are gradedlExtra Fancy, 
Fancy, etc., on the basis of the fraction of the fruit 
surface colored with red. Light is required for forma
tion of the red anthocyanin pigments. Color forma
tion is greatest when light intensity and daytime 
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temperatures art high and nights are cool to slow valleys, mechanization has increased. The large
the degradation of intermediates in anthocyanin air-blast sprayers that used a team of two men rather 
synthesis. High available nitrogen seems to reduce than five were easy to use on slopes of 0-5%; much 
fruit color by increasing leaf area an(J shading of modification and loss of efficiency were required
fruit and perhaps competing for the substrates for to use the same machines when the slope increased 
anthocyanin production. It has always been the to 10-12%. Concentrate sprayers, which apply pesti
contention of fruit growers with orchards at the cides in 30-60 gallons of water per acre rather than 
higher elevations that their fruit is betler colored the traditional 300-500 gallons, require precise 
as well as better keeping. This is supposed to mean speed control which is difficult to obtain on steep
that a large proportion of the mountain-grown fruit slopes. The large pallet boxes or bulk bins holding 
can be sold on the fresh markel while the poorly 300-500 kg rather than 20 kg of the older "field 
colored fruit proluced at lower elevations must be box" reduced the labor required for hauling and 

processing. returns increased picker efficiencysold for Net for fruit sold on 10-20%. Some hillside 
the fresh market generally the forex.:t:,.;Ireturn orchards still cannot use bulk bins effectively.
 
processing fruit. Thus, the greater net return The continued existence
per of the hillside orchardston is supposed to compensate for the lower tonnage presumably means that they are more profitable than 
produced in the mountains ::scompared to the other alternative uses of the resources used in thesevalleys. To evaliun'', the :it;curacy of this cont, ntion orchards. However, it seems fair to ask what would 
it would be necessary to collect a great amount of happen if the availability and adoption of new 
pack-out dala which shows the percentage of orchard technology enabled valley orchards to improve effirun (total yield) fruit that meets grade specifications. ciency to a greater extent than mountain orchards. 
It is not likely that such data is readily available If this situation occurred, it is doubtful that the 
or would be very consistent between operations. mountain orchards could continue production in the 
Furthermore, a few simple calculations would sug- long run. This unique and profitable orchard system
gest that tremendous pack-out differences would be for hillside utilization would fall to a new set of 
necessary to :1t;count for the 50% greater total yield biological and economic forces. 
differences that have been indicated. 

The introduction of budsports or cultivars with REFERENCES 
much greater genetic potential for red color make tailey, L. If.19:15. Standard cyclopedia of horticulture. New 
it possible to produce high "quality" apples and York: Macmillan Co. 
peaches under a much wider range of nutritional r;orman, I. L.,Pasta, I.K., and Crocker, C. D. 1966. Soil survey
and weat her condilions. Some strains of Red Deli- of Berkeley County, West Virginia. Washington, D.C.: USDA. 
cious and Rome Beauty apples grown in the warm SCS. 
humid valleys of Virginia, West Virginia, and New Ilatfield, W. F. and Warner, I. F. 1973. Soil survey of Jefferson 
Jersey pack-out 110-901% of total yield. Further im- County. West Virginia. Washington, D.C.: USDA, SCS. 
proved storage facilities and methods have reduced Lee, R., Chang, M., and Calhoun. R. 1973. in WestElevation 
the influence of growing conditions and fruit condi- Virginia. W. Va. Agr. and For.5(1):5-9. 
lion at harvest on storage behavior. Lvee,R., Chang, M., and fill, S. C. 1976. Land slope in West 

For a considerable period of time, mountain or- Virginia. M'.Va. Agr. and For. fi(3):10-16. 
chard operators found labor more available. The Trent. R. E., Weedfall. R. 0., and Dickerson, W. H. 1970. West 

Virginia climate in relation to weather sensitive industry. W.mountain orchardswere rather isolated and removed 
 Va. Univ. Agr. Expl. Sta. Bull. 591T.from popultion centers and competition from other USDA. 1941. Climate, the yearbook of agriculture,1941. Wash
industries. Many natives of the mountains and val- ington, D.C. 
leys seemed cont en t to stay in place and accept the Weedfall, R. 0., Dickerson, W. H., Davelle, H. C.. and Stirm,
work available. These conditions seem to persist but W. L. 1967. The climate of Berkeley County, West Virginia.
the advantage, if indeed there is one, may be dwin- W. Va. Univ. Agr. Expt. Sta. Current Report 49. 
dling. As the labor supply has contracted in the Young, R.S. 1966. Weed control in orchards. MountaineerGrower. 
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No-Till Corn Production in Tall Fescue*
 
J. E. Box, Jr., S. R. Wilkinson, and L.A. Harper
 

Southern Piedmont Conservation Research Center, United States Department of Agriculture,
 
Watkinsville, Georgia, USA 

Rolling hills and soilsof the 18 million ha Southern 
Piedmont region. SA, are highly erosive when clean 
tilled. A mil (:limate and year-round distribution 
of 125 cm average annual rainfall permits growth 
of sunmer and winter crops when soils are properly 
limed and fertilized. There is a high probability of 
the occurrence of short droughts each year (van Bavel 
and Carreker. '1957) in the region, and crops have 
shown favorable response to irrigation (Carreker and 
Cobb, 1963). Carreker iind Barnett (1963) and Ien-
drickson t al.(1963) showed the seriousness of 
runoff and soil loss in the Southern Piedmont. Adams 
and Barnett (1965) showed that both runoff and soil 
loss are negligible from grass sod, and low from 
row crops following a dense sod on moderate slopes, 
Although no-till planting in plant residue or viable 
sod to redcICe water erosion has been recognized 
as a desirable goal. the developuient of modern 
herbicides makes this goal obtainable. However, a 
coordinated management of plant spacing, soil 
water, and fertility is needed to achieve good crop 
production. 

Early efforts to develop tillage systems that com-
pletel eliminated plowing were not too successful, 
Fauikner (1943) advocated disking rather than plow-
ing for soil preparation. Borst and Mederski (1957) 
developed a system of mulch tillage for production 
of row crops in which soil was stirred and weeds 
killed with a field cultivator, leaving much of the 
plant residue on the soil surface. Neither Faulkner's 
system nor mulch tillage were widely adopted in 
the humid East, USA. Development of modern herbi-
cides reduced the need for frequent and complete 
stirring of the soil for weed control and made 
development of some newer conservation tillage 
methods possible. Some of the earliest work using 
herbicides as a substitute for tillage was pasture 
improvement in New Jersey (Sprague, 1952). At the 
time of these experiments, only a few chemicals 
were available to suppress unwanted vegetation. 
Davidson and Barrons (1954) produced crops with
out tillage in the early 1950's. Herbicides available 
at the time made the procedure laborious. During 

'Mention of a commercial product does not imply endorsement 
by the USDA to the exclusion of other pioducts which may 
he equally suitable. 

the mid-1950's work was done on reduced tillage 
for corn production by C. R. Skogley.' Corn was 
planted in a roto-tilled strip using a conventional 
planter. This research did not produce outstanding 
corn yields. 

Timmons (1970) reported that 1959 was the first 
year for public use of alrazine. In 1959, Free et a). 
(1963) began work on "zero-tillage" for corn follow
irg sod. In 1960, Ioly et a). (19(11 grew corn 

without tillage in Virginia, as did Triplett Ma l. (1964) 
in Ohio. Results were encouraging in all three cases. 
In 1961 through 1963, Adams et al. (1970) grew 
no-till corn in live Coastal bermudagrass and fescue 
sods by stunting the sods with nialeic hydrazide 
prior to corn planting. They bthained good corn and 
grass :'iel(s when irrigation was used. Ilevins M 
id. ('1971) observed during 1969 and 1970 in Kei
tucky that soil water conlent in a silt loani was higher 
throughout the growing season to a depth of 45 
cm under no-till corn in killed sod than under corn 
with conventional planting on clean-tilled land, and 
that no-tillage systems generally produced higher 
corn yields with poor or favorable rainfall. 1). M. 
van Doren f al. (1969) found that incomplete killing 
of crop cover increased competition will) corn for 
moisture and decreased corn yields. The highest corn 
yields occurred where the highest amoount of cover 
also occurred for soils with low structural stability. 
HIerbicides have been tsed to stunt or make dormant 
fescue sod for corn grain production.' 

Literature has been reviewed by Stanford el al. 
(1973) on plant nutrient behavior and requirements 
in relation to mini mum- and no-tillage practices. 
They concluded that on direct evidence alone there 
is meager basis, particularly in the humid USA, for 
evaluating the problems of how recent and dramatic 
changes in tillage practices affect plant nut.ient 
needs and behavior. Considering the broad range of 
no-tillage practices involving sod planting of corn, 

'Seedbed Preparation for Corn After Sod, Ph.l). dissertation. 
Rutgers Uviversily, New Brunswii;k. 

21. M. Spain, G. C. Killingmnan, und C. K. Martin. 196l6. lDormant 

Sod Planting. Progress Report, North Carolina State IhJiversity, 
Raleigh. (These researchers were not able to get consistent grain 
yields in successive years Ieca use of thwir inability to control 
the degree of sod stunting. When stuling wits incom plete, grain 
production was greatly redured.) 
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they concluded that it appears that the relative during 1969 and 1970 an exploratory study was 
cumulative effects on organic N content of soils over initiated to determine the influence of sod treatment, 
tine cannot be generalized. Davies and Cannell irrigation, and N level on fescue growth and corn 
(1975) rf.ported from studies in the UK that the grain yield, as reported by Carreker 0 a]. (1972). 
response of no-tillage crops to N fertilizer sometimes In 1969, corn was grown with conventional tillage
differs from that of conventionally cullivated crops, and in live fescue in rows 1 m apart with corn plant
They reported that in 45 experiment years with populations of 37000 plants/ha. Fertilizer applied
winter wheat the N levels giving the highest yields was 148 kg/ha N and 67 kg/ha P and K. Sprinkler
for no-tillage crops were greater than that for irrigation treatments included (1) no irrigation; and 
ploughed crops in 10 experiment years, but in 4 irrigated when the top 30 cm of soil averaged (2)
experiment years the opposite was the case, and I bar, and (3) 5 bars suction. Delhnhorst cylindrical
in the remainin g 3"1experiment years the highest gypsum electrical resistance blocks were installed 
yield was at the same fertilizer level for both treat- in all plots at 10, 22, 37, and 53 cm deep. Highest 
ments. lowever, Riley m al. (1975) reviewed no- corn yields, 8523 kg/ha, were obtained with con
tillage research in the 11K and concluded that, in ventionally clhan-tilled corn. Without irrigation this 
general, optimum N fertilizer rates for no-tillage and treatment produced only 1 637 kg/ha of v,'ain. Corn 
cultivated crops prolably do not differ greatly for planted in fe'scue sod produced grain yields of 4 603 
non-legumecrops. In a continuous no-tillage system, kg/ha with iigation and 35 kg/ ha without irriga
substantial amounts of fertilizer must be top-dressed, tion. Corn ,.,;ain yields were greatly reduced by
rather than mixed into the soil. l3ased on analysis competition with living fescue sod. 
of corn leavwrs, Shear (1969) and Triplett anti van The 1969 tudy was redesigned in 1970 as reported
Doren (1969) reported consistently higher utilization by Carreker et al. (1972) to provide additional data 
of surface applied P and K fertilizer from untilled on soil fertility and fescue sod treatment effects. 
sod than from incorpora ted fertilizer. Similar results Three replications of a randomized block design were 
for P and K fertilizer were reported in the UK by used with rainfall and rainfall plus irrigation as main 
Riley 0 a]. (1975). It appears that roots growing plots. Irrigation water was applied when the top 
near the soil surface under no-tillage systems are 30 cm of soil averaged 1 bar suction. Sub-plots were 
capable of supplying the P and K needs of corn. killed, stunted, and live sod. The sod herbicide 

Following the experiences of Adams et al. (1970) treatments at corn planting time were (1) 2.2 kg/ha 
a series of field studies was initiated in 1969 on atrazine and 0.28 kg/ha paraquat. (2) 2.2 kg/ha
Cecil sandy loan to (evelop no-till techniques for atrazine, and (3) no herbicide treatment to killed,
growing corn (Zea -ys L.) for grain viable tall stunted, and live sod, respectively. Sub-subtreatain in 
fescue (lFestca ar'ndinace~a,Shreb.). The principal ments were N rates of 112, 22i, and 448 kg/ha
objective was to combine no-tillage corn production with adequate P and K added according to soil test. 
in fescue with irrigation to provide summer grain Sub-sub-subtreatmnents consisted of corn planted at 
production and winter and spring fescue forage populations of 37000 and 74000 plants/ha in 51 
production. Optimtn management of fertility, ir- cm rows. Fescue was clipped to a 4 cm height in 
rigation, corn populations, and row spacing were all plots just prior to corn planting. Corn was planted
developed to maintain productive fescue. Fescue with an Allis Chalmers no-till planter.
competitive effects on corn grain yields from live, Grain yields were not. satisfactory without irriga
stunted, strip-killed, and killed fescue were evaluat- tion, nor with irrigation in the live sod. Excellent 
ed along with measurements of micrometerological yields were obtained in the stunted ard killed sod 
conditions in the double canopy. 'his report briefly with irrigation and high fertility. In the irrigated
illustrates some of the general findings and conclti- treatment with 448 kg/ha N and 74000 plants/ha
sions which are or will be reported in greater detail grain yields were 9700 and 9980 kg/ha for the 
elsewhere. stunted and killed sod, respectively. The 37000 

plants/ha with 448 kg/ha N gave grain yields of 
8000 antI 7200 kg/ha, respectively.

IRRIGATED LIVE-STUNTED-KILLED Fescue yields taken after corn harvest showed little 
FESCUE STUDY 
 grass regrowth in the killed treatment, more in the 

stunted sod, and a good growth in the live sod.Previous studies (Adams et al., 1970) had indicated Highest grass yield was obtained by the lowest N 
that corn could not be grown in stunted fescue and treatment for the corn with irrigation, apparently
obtlain consistent good grain yields with natural because the shorter and smaller corn allowed more 
rainfall. It was hypothesized that if adequate irriga- sunlight to reach the grass in August and September.
tion water and plant nutrients were applied, plant This study indicated a need for a better understand
competition effects could be overcome and good ing of the interaction between corn grain yields,
grain and fescue yields could be achieved. Therefore, fescue production, and corn plant population. 
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CORN PLANT POPULATION-GRAIN AND 
FESCUE YIELD STUDY 

In the 1972-73 season a study was conducted to 
evaluate the interaction hetween fertility level and 
corn plhat population on curn grain an lfescvue forage
yiels, and relative light penetration through the 
corn canopy lo the fescue canopy surface ' The 
purpose of toprod uce corn grain in 
viable fescue sod and retain the fescue sod for winter 
forabe pr odtion. hetitia esign wat a 
forage productin Fhe statistical design wa t 
randomized block with three splits. The splits in 
their order were 102 and 51 cm row widths, plant 
spacings in the (drill row of 15,30, 45, and 60 cm, 
and three fertility lev~d. The fertility levels were 
poultry litter applied 14 days before planting at two 
rates, 9 and 18 MT/ ha, and conventional fertilizer of 
358,134, and 134 kg/ha N,P,and K,respectively. The 
P and K were applied uniformly to all plots at plant-
ing to assure a non-limiting P and Kstatus, and to per-
mit evaluation of broiler litter as a N source. Nitrogen 
was applied in a split application with 150 kg/ha 
at planting and the remainder when corn was about 
60 cm high. Plant nutrient content in poultry litter 
is variable as reported by Perkins et a]. (1964) and 
Carreker et a]. (1973). Average N, P,and K content 
of litter used in this study was 3.5, 1.6, and 2.0 
percent, respectively. The 18 MT/ha poultry litter 
treatment received approximately 630, 288, and 400 
kg/ha N, P, and K per year, respectively. The 9 
MT/ha poultry litter treatment received approxi-mately half these amounts. 

Corn (Pioneer 3009) wn,planted in 20 cm wide 
killed fescue strips with an Allis Chalmers no-till 

planter. Fescue was killed with an herbicide for
mulation applied during the planting operation at 
the rate on spraye~d areas only of 2.2 kg/ha atrazine, 
0.28 kg/ha paraquat, and 375 kg/ ha water. Delin
horst cylindrical gypsun blocks were placed at two 
locations and two soil depths, 13 and 23 cm, in 
representative su b-sub-subpllots. Sufficient irrigation 
water was applied to reduce soil water suction in 
theto30c ofsitolsthn.2brwe 

theop 30 cm of soil o less than 0.2 bar when 
the gypsum blocks indicated an average 1 bar suc-
The significant interactions between reatments 

for corn grain and fescue forage yields are shown 
in grI and2.sche fo ra n ereyields 

in Tables and 2. The highest grain yi ds were 
achieved with 18 MT/ha poultry litter, 30 cm plant 
spacings in the drill row, and 51 cm row wilths, 
However, grain yield in the 51 cm row width and 
30 cm cdrill row spacing was not significantly dif

ferent from the 9828 kg/ha yield in the 102 cm 
row width and 15 cm plant spacing. Table 2 shows 
that fescue yields are significantly different for the 
51 and 102 cm row widths. Best fescue yields were 

achieved with 102 cm row width. Furthermore, 
fescue yields significantly increased with wider 
plant spacings in the dfrill row. This indicates that 
plant nutrients and water were not limiting fescue 
growth, and that as fescue received more sunlight 
through the corn plant canopy fescue yields in
creased. Annual fescue yielcs were significantly less 

TABLE 1. Corn grain yields as influenced by row width, drill row plant spacings, and fertility" 

Row Width" (cm) 

51 102 

Plant Spacing' (cm) 15 30 45 60 15 31) 45 

Yield kg/ha
d 

Fertility 
N-P-K 
315-144-200" 6321 6469 6474 6270 5642 5813 5459 4 61 
630-288-400' 8711 10373 10207 8910 9828 820:1 7048 i481 
358-134-134m 6072 8982 8811 8002 7159 6767 5354 41147 

'Width x Fertility x Spacing probability >F = 0.003. 
"Probability >F = 0.0003, 
'Probability >F = 0.0039. 
"Probability >F = 0.0001. 
"9MT/ha poultry litter. 
'18 MT/ha poultry litter. 
'Conventional fertilizer,""'.01 1:175 kg/ha. 

'Harper, L. A., S. R.Wilkinson, E. R. Beaty, and I.E.Box, Jr. 
1973. Corn-Fescue Cropping Systems for Increased Radiant 
Energy Use. Agronomy Abstracts. p 162. (unpublished). 

346 

10 

http:fertilizer,""'.01


BOX, WILKINSON, AND HARPER 

TABLE 2. Fescue yields as influenced by years, row widths, plant spacing in drill row, and fertility 

Year Effect Row Width Effect Spacing in Row Effect Fertility Effect 
Yiehl Row Widths' Yield Spacing in Drill Row,' Yield Yield 

Years" (kg/ha) (1:11) (kg/hi) (ci) (kg/ha) Fertility" (kg/ha) 

1 6 761 51 4 170 
2 4 9ll1 102 7 5811 

"1972 and 1973. probalbility >F = 0.05. 

"LSD,,, 61t5, prohalbility >F = 0.0003. 


[.Sl),, 515, lridabilily >F = 0.0001. 
'LS),., 517, probiilily >F = 1(0(17. 

for 1973 as compared to 1972, which indicates that 
fescue vigor and/or plant population was decreased 
by the preceding corn canopy. The 9 MT/ha poultry 
litter treatment gave a significantly higher fescue 
yield than did the 18 MT/ha treatment, implying 
that the more numerous corn plants in the highest
fertility plots produced the greatest shading effect 
(Figs. 1 and 2). 

Figs. I and 2 compare corn plant population and 
corn grain and fescue forage yields at the three 
fertility levels with relative light penetration to the 
fescue canopy surface. Relative light penetration is 

S,0 


D 0.30 . c 0.70 0.90C,50 OtO C001 .7: 0 JO .30 ..10 
CORN PLANT POPULATION x 105 

Figure 1. Relative light penetration through the corn canopy 
to ,escue canopy surface, as influenced by corn plant population 
for all fertility levels and both row widths, 

the ratio of the within-canopy radiation at the fescue 
canopy surface to the above-corn canopy radiation. 
Radiation at the fescue canopy surface in each phl 
was measured by placing radiometers as descrihed 
by 1-larper (1972), except that they were modified to 
measure incident rather than net radiation. Incident 
radiatiol immediately above the corn plants wias 
measured with an Eppley pyranoneler. Daily radia-

N-P-K 
15 3 Will 315-144-200'* 6 645 
30 5 40) 630-28-400f 5 729 
45 6 635 351-134-134" 5 263 
60 7 492 

"!)Mfj/ha poultry litter.
 
1111MT/ha poultry litter.
 
'Conventional fertilizer.
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RELATIVE LIGHT PENETRATION 

TO FESCUE CANOPY
 

Figure 2. Corn grain yields for three fertility levels and fescue 
forage yields as related to relative light penetration to the 
fescue canopy surface. 

lion measurements were made from two hours before 
to two hours after solar noon, and during the two
week period immediately following first corn tassel
ing. Limitations on radiometers and data logging
capability restricted light penetration measurements 

'These relative light transmission data were taken when clear, 
mid-day solar radiation was approximalely 1.4 ly/min. 
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to all plots in replications two and three. Data 
presented in Figures 1 and 2 are the two-year average 
for each treatment. Corn plant populations were not 
statistically significantlv different between years or 
replications. Figure I s,. ws the interaction between 
actual corn plant popalat ions tor all fertility treat-
ments and both row spaciigs. with relative light 
penetration to the fes' ue canopy surface. The data 
represent p [ poplulations from t129 257 to 19 734 

plants/ha. 
The relationships between corn grain yields, an-

nual fescue forage yields, and fertility treatments 
withIi relativ,! light transmission to the fescue canopy 
surface are shown in Fig. 2. Fescue yields ranged 
froma pproximately 2 000kg , ha / earat0.10 relative 
light transmission to 105001 kg/ha/year at 0.65 
relative light transmission. Fescue yields represent 
the total harvested growth under the corn canopy 
and r:growth during fall and winter prior to replant-
in" corn. The relation;hip vts linear and has a 
correlation iif 0.97. The decrerasing yields with de-
creasing relative light transmission were related to 
the fescu, stand disappearince. There was not a 
statistically sionificant three-way intera(:tion among 
fescue forage yield, fertility, and row spacing. Corn 
grain yield had a statistically significant interaction 
with fertility level. A turvilinear relationship existed 
in all cases between fertility level, relative light 
transmission, aind grain yields. Curvilinearity in-
(:reased with i:reasing fertility level, 

Optimum i.i:and fescue vields ,vere achieved 
at 0.30 .".iative light transmission at the fescue 
canopy surface (Fig. 2,. This corresponds to corn 
plant population of approximately 60000 plants/ha, 
and favors grain yields. Grain yields were 10500, 
7000. and 9200 kg/ ha for 18 and 9 MIT/ha poultry 
litter, and the conventional fertilizer treatments, 
respectively. Annual fescue yield was approximately 
7000 kg/ha for the 60000 plants/ha population. 
The best overail corn grain andi annual fescue viells 
were achieved with high fertility, adequate soil 
water. 102 :m row widths and plants spaced 15 
cm apart in the row (60000 plants/ha). 

1973-75 WATER REQUIREMENTS STUDY 

In 1973 a three-year study was initiated on strip 
killed and completely killed fescue sods to evaluate 
irrigation requirements. All plots had the same corn 
plant populations and fertility levels. Corn plant 
populations were approximately 60000 plants/ha 
and fertilized with 458 kg/ha N each year. N was 
applied to all plots, except the 5 cm per week 
irrigation treatment, in split applications of 168 and 
290 kg/ha at corn planting and when corn was 60 
cm high, respectively. The 5 cm per week irrigation 
treatment received 458 kg/ha N in four equal ap-
plications and was applied when the corn was 4, 

8, 12, and 16 weeks old. The 5 cm/week treatment 
was intended as a simulated sewage effluent treat
ment, and was included to evaluate possible effects 
of excessive water applications. 'lhe first year '112 
P and 224 K kg/ha were broadcast prior to corn 
planting. In subsequent years P and K were hroadcast 
annually prior to corn planting at the rate of 112 
kg/ ha each. The statistical design was ai randomized 
block with six splits and replicated three times. The 

first split was a 20 cm strip of killed and com)letely 
killed fescue sod. Winter rye xvjs planted on the 
completely killed fescue plots each year, following 
corn. Each rye and fescue plot was split fi%,e times 
to accommodate five soil water treatments. The five 
splits gave plots eight rows, 102 cm wide and 600 
cm long with a minimum of 3 horter rows between 
plots. Yields were obtained for 400 cm of the two 
middle rows. Atrazine and paraquat were applie-d 
to kill fe;cue at the same rates as used in the 
previously described experiments, and corn was 
planted (Pioneer 3009, 1(973; 30913, 1974; and 3147, 
1975) as described in the plant population, fertility, 
and row width study. Delmhorst cylindrical gypsum 
moisture blocks were placed 10, 22, 37, and 53 cn 
deep at three sites in all plots. Block reat ings were 
taken three times each week. When the desired soil 
water levels were reach,;d in each plot irrigation 
water was added with sprinklers to redu ce soil water 
suction to less than 0.2 hars in the top 40 (:im of 
thesoil profile. There were fivesoil water treatments: 
(at natural rainfall only, (h) 5 crm per week, (c) 1 
bar, (d) 5 bars, and (e) 15 bars. Water was applied 
to the irrigation treatments when the 10 and 22 cm 
moisture block averaged the desired soil water stc
tion value. 

Three-yearaverage corn grain yields and irrigation 
and rainfall water during the corn growing season 
are shown in Fig. 3. Grain yields were not signifi
cantly diffetient for years or replications. There was 
no significant difference in the ] and 5 bar treatments. 
The completely killed sod treatment gave signifi
cantly higher yield in all (;ases except for tt 5 cm 
per week treatment. Weeds (crabgrass, Ligitariasan
guinalis)became a problem in the completely killed 
5 cm per week treatment. Grain yields for the 1 
bar treatment averaged 10166 and8116(0 kg/ha for 
the completely killed and strip killed treatments. 
There was 42.5 cm avrage rainfall on all plots during 
the growing season and the 15 bar, 5 bar, 1 bar, 
and 5 cm per week plots received 11.6, 14.0, '19.7, 
and 77.8 cm irrigation water, respectively. 

The authors wish to gratefully acknowledge the 
excellent technical assistance provided during the 
course of these studies by R. N. Dawson, 1. Kozachyn, 
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Figure 3. Corn grain yields on 100% and 20% killed fescue, 
as influenced by irrigation treatment. 

al R. C. MngmrAgricultural ResearchRM C.ontgo mery, Agriculturon
Tech nic ian s, Southern Piedmont Conservation Re-
search Center, Wa kinsville, GA 30677. 
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DISCUSSION 

E. R. Leng (AID, USA). Is irrigation economical 
in the (Piedmont) area? 
Box. In a recent bulletin of the Georgia Extension
Service it is indicated that for a cable-towed, high
volume irrigation gun-which is probably the type
that's best adapted for irrigation in this hillof the Piedmont-Ihe cost for 5 

area 
inches of waterapproximately $45 per acre.	 

is 
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63. 
Tillage Options for Corn Production on 
Sloping Topography 
S. W. Bone, D. M. Van Doren, Jr., and G. B. Triplett, Jr. 
Ohio State University and OARDC, Columbus, Ohio, USA 

Since man began cultivating to enhance food 
production, tillage has been a very important aspect 
of crop production. Changes in tillage tools began 
more than 200 years ago in France with improve-
ments on the plow. This was further refined by 
Thomas Jefferson who designed what has been re-
ferred to for the last 200 years as the moldboard 
plow. 

In the United States during the 1930's and early 
1940's some effort was directed towards decreasing 
tillage through changes in equipment. At that time 
herbicides were not available. In the 1950's attention 
was directed towards reduced tii.,Lge after plowing 
as a means of reducing cost, improving water use 
efficiency, and decreasing soil erosion. In the early 
1960's two main research areas became evident ,mid 
resulted in innovative approaches in tillage. Nuch 

directed developing equipmenteffortto wasseed in unplowedtowards soil re, ,rdless of thteplace
toplresidue on the surface (Triph. et of th. 
crop esame therfce were -ev al 1ill 
At the same time, herbicides were developed to kill 
vegetation at the time of crop establishment and 
to suppress weed competition throughout the grow-
ing season. 

Major changes took place in agriculture (luring 
the same period. Farm units became larger, with 
more monoculture. Larger equipment was used to 
till larger areas in less time. 

The amount of tillage used for crop production 
has caused much t.oncern. Each year, conventional 
tillage methods move enough soil in the United 
States to build a freeway from the East to the West 
Coast. This is a matter of concern since it requires 
considerable investment in equipment and fuel. 
Additional concerns relate to the influence of the 
tillage system on the ability of farmers to effectively 
control potential soil losses, 

Research work in many states showed that de-
creased tillage did not necessarily result in decreased 
corn yields. In many situations, reduced tillage 
improved the opportunity for profitability. Research 
by private industry and public research institutions 
dramatically affected the practices available for crop 
production. One of the earliest indications of this 
was the shift in sale of tillage equipment. In the 
1960's, the sale of plows began to decrease in relation 
to other tillage tools such as the chisel and field 
cultivator, 

In Ohio, as in other states, research was cdirected 
not only toward reduced tillage but also to no-tillage. 
This included an array of tillage practices that coul 
be called minimum, conservation, and conventional 
tillage (Bone et al., 1976). Studies were carried out 
on sloping topography in eastern and southern Ohio 
over a range of climatic and soil conditions. On 
Wooster silt loam (Typic Fragiudalf fine-loamy), a 
well-drained soil with averaq,'e May through Sep
tember rainfall of E ,, i. t'uced tillage led to 
an increase in yield (Table 1). Yield increases were 
observed for continuous corn, corn-soybean and 
corn-oats- mea hIw sequences. 

TABLE 1. Average grain yields of corn for tillage 
systems and crop sequence; all plots maintained 
systems n cropsrenedallalotm ntcontinuousilyby the prescribed titla ge treatment 
((13 years). Wooster silt loam. Ohio Agricultural
Research and Development Center, Wooster, 

Ohio (81- 56'W, 40' 47'N) 

(I h. k h, 

(:.'IIIIII I.. (:it..1S, ,bi (r i-t),i,-iI,,v 

'll~igf. (:iir Rotation Hiitutuin 

'mhw dist 
1.tnlt-(II , t. 9.10 7000111 7 9411 

Plwvplint 
Cultivl, 7 1210 71110 Hi)000 

No.lillig,! s1300o 11240 1 1 ll0 

Ul 0.05 440 440 1-10 

This response in corn yield is typical (if those 
found in soulheastern (Oli() farm denmnstrations 
on soils that have water status within the root zone 
that does not impair crop growth. These soils occur 
on slopes tip to 18% and have a medium surface 
texture (silt loam or loam) which plrovides maximUim 
opportunity for storage of available water throughout 
the growing season. Water storage is enhanced by 
residute cover (60} to 80%) on the surface. 

Soils on less sloping topography (2-61%,) may have 
water status within the root zone that affect date 
of planting and crop growlh. The subsoils are gener
ally saturated early in the spring, but by mid-April 

350
 



BONE, VAN DOREN, AND TRIPLETT 
in Ohio most of this saturated condition tends to TABLE 3. Ohio corn production budgets per ha,disappear. An example is Rossmoyne silt loam 1976, Department of Agricultural Economics and(Aquic Fraguidalf fine-silty). There is little response Rural Sociology, The Ohio 	State University,to intensity of tillage on this soil (Table 2), which Columbus
has an average rainfa!I of 61 cm from May throughSeptember. This raises a concern as to the selection For Yield Level of 8700 kg/haof a tillage system fori a specific soil ani climatesituation. What criteria shouldl be use(J for selecting Profit aSnsl Retu rnthe tillage system? g System Total Expenses to Mafagement 

Conventional $667.75 $294.75TABLE 2. Average grain yields of corn for tillage Chisel plow $650.79 S311.73treatments for continuous corn. Average of one No-lillage $631.40 $331.10
7-year and one 2-year study on Rossmoyne silt
 
loam. Ohio Agricultural Research and
Development Center. Southern Branch, Ripley, economics of tillage system selection. In a recentOhio (830 47'W, 38 47'N) study of yield response of corn following corn on 

soils on sloping topography (Tables 1 and 2), theWith (bw Withiut profitability ranged from $30.00 to $97.50 per ha'l' 1i, Cill(iti on Cult ivat ii, 	 depending upon the yield increase with reduced 
tillage (Foster et a,, 1976). 

kg/haPlow-di ic.pl.iit 81120I 11180 
Data from the Agricultural Research Service, Co-


Rolotil shoclon, Ohio (Harrold, 1971), indicate that no15 cm-illiiit 80 
Dis: 1(1ci)-plant 	

18750 tillage came close to eliminating soil loss by erosion11700 8700 compared to 	 conventional tillage underChisel plow 22 cm-plant I0(0 8112 rainfall conditions and soil properties. 
the same 

No.-lillag harvestling corn for The Universalsilae 	 Soil Loss Equation (Wischmeier,82)
No-tillige harvesting corn for grain 	

1965) serves as a guideline in determining the8140 effectiveness of tillage systems in decreasing poten,s2) tti5 030 h3o tial soil loss. An Ohio adaptation has been made 
of the Universal Soil Loss Equation (Nolte et al., 

In tillage system selection it is important that the 
1975). The following example is taken from Nolteet al.:area be c:haracterized accordingthe growing 	 to rainfalltnhrna season and soil properties includingduring Wooster silt loam occuring on a 3% slope 76.2 mgrowingeeason and s propepe.oil nlexug long has a T soilinternal drai nage, 	 loss value of 9000 kg/ha. Usingtext ure, and slope. Soil 

relates lbnt h 	
texture a crop sequence of continuous corn under climaticto available mositure ad 

for crusting. The following criteria have 
to potential conditions in eastern Ohio and conventional tillage


been used wilhout conservation practices produces
as guidelines in the selection of tillage systems in 
a potential


soil loss of 16700 kg/ha. A chisel-plant system pro-
Ohio: duces approximatelv 6110 kg/ha soil loss, while a1. Grain yield. (If the grain yield is higher with no-tillage system produces a potential soil loss of 3 000
reduced tillage there is a tenlency to select this kg/ha.
 
system without regard to other criteria.) 	 RECOMMENDATIONS2. Costif heof tillage system. There are several steps which can help to enhance3. Effectiveness of the tillage system in cotrolling the success of the selection and carrying out of ansoil eroson. appropriate tillage system for a specific soil and 

Economic studies by the l)epartnenl of Agricultur- climatic Iocation.al Economics andi Rural Sociology, The Ohio State The hybrid selection is exceedingly important.University, have indicated that in a corn-corn se- With reduced tillage systems soil temperatures mayquence, costs are reduced and profits are increasedby reduced tillage. Costs were based 	
be lower thain with conventional systems. A hybridon the same should be used that has the ability 	 to germinateyield response for all tillage systems, and showed and growat temperatures near 12'C and has seedlingit profit a(vanltage per ha of about $17 for the chisel vigor that will enhance emergence under a wideplow and about $31i for no-lillage compared with range of soila conventional tillage system 	 surface conditions of roughness and(Talile 3). However, of residue cover. In Ohio, percent emergence is usedthere are situations where the yield of no-tillage as a guide in selection of 	a hybiid for no-tillage.may Ibe higher (Tale 1) than the yield with conven- This is listed in Corn Performance Tests (Jordan,tional tillage. This adds a new (imension to the 1975). The fertility aspect of the crop must be met 
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in such a way as to enhance optimum yield response 

based on a soil test for the yield response anticipated. 

Early planting for optimum yield also increases 

profitabi lity: hybrids are available that will respond 
plantingto earlier planting dates, and earlier does 

have incre,sed yield response. 
The hybrid selected must be planted at a seeding 

rate for the optimuni yield response. In addition 
to this, the planter must place the seed in the soil 
over a wide range of soil condition at a depth of 

approximately 3.7 to 5.0 cm. 
The use of insecticides is important to obtain 

desirable plant stands. This may involve both a seed 
treatment in the seed box plus placement of insecti
cide over or in the row at planting time. Insecticides 
must be selected with a target species in mind. 

The spraying equipment used to apply herbicides 
is an important part of the tillage program. This 
phase begins with the identification of the vegetation 
to be controlled and selection of the herbicides. The 
application of material in an effective manner and 
rate is a critical aspect of vegetation control. 

Even after these steps hatve been followed, it is 

very important to make observat ions in the field 
to see if plant stands have been accomplished, 

been met, herbicides havenutritional needs have 
been applied properly, and insecticides used are 

effective. 

Bone. S. W.. Van Doren. D.NI.. Jr., and Triplett. G. B., Jr. 1976. 
Tillage r'so,rch in Ohio, a gilide to tillage sys ems eVidiiationi 
and selection. Ohio Coop. Ext. Ser. Bull. 

Forster. D. L.. Rask. N., Bone, S. W., and Schtre, 13.W. 1976. 
Reduced tillage systems for conservatioanidprofitability. Dept. 
Agr. Econ. and Rual Socioi., The Ohi(o Stale Univ.. ESS 532. 

Harrold. L.L. 1971. Studies in h'drology ,(d water quality of 

agriculturalwatersheds, .\tr. Res. Ser.. USDA, Coshocton, Ohio. 

Jordan, D.NI. 1975. Ohio corn performance test. Dept. of Agron.. 
Ohio Agr. Res. and lev. Center and Coup. Ext. Ser.. Dept. 
Ser;es 215"). 


Nolte 3. If., Bone,S. W.,Christman, R., Feusner. L. M., Schmidt, 
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and Doren,Triplett, G.B., Jr., Johnson, W. It., Van 1). M.. Jr. 

1963. Performance of two experinienrtl planters for no.tillage 

corn culture. Agron. /. 55:4011-09. 
1. M., Jr., and one, S. W. 1973.

Triplett, B.B., Jr., Vanl Doren, 
An evaluation of Ohio soils in relation to no-tillgqag !:orn 
production. Ohio Agr. Res. and Dev. Certler Bull. 10611. 

Wischneier, %V.I1.and Smith. 1). 1).tti5. lrdicting rminfall 

erosion losses from crop Laid eamst of the Rocky Moutains. 
Agr. Res. Sr.. USDA, Agr. IHandhook No. 222. 

DISCUSSION 
H. F. Massey (Kentucky, USA). How widely is this 
technique being used on suitable land in Ohio? What 
percentage of land is being planted by this method? 
Bone. In some eastern Ohio counties where the 
don stra i d es b Jherwot(, 
demonstrational programs described by Underwood
 

have been going on, the corn acreage is 70 or HO", 
no-tillage corn. It varies, but the method has been 

well accepted where it was introduced in the dem

onstrational program. 

E. R. Leng (AID, USA). What's the disadvantage? 
Why isn't it used more widely? 

Bone. The disadvantage probably relates to tradi

tion. The skill involved in these systems is sonewhat 
more than in other techniques and this may be why 
more people have not adopted them. Where we work 
with an individual in a demonstration program for 
the first year, this gets him over the humps and 
into the system pretty well. 

Leng. How about planting speed? 

Bone. Planting speed in a no-tillage system w,'ill be 
less than with a conventional system. Most planters 
now with plateless units are designed to plant at 
7 or 8 miles an hour, which is about (Iolibhe what 

should be used for no-tillage. There are definite
detrimental effects to planting fast. 
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64. 
Factors Influencing Hazelnut Production in the Giresun 
and Ordu Provinces of Turkey: An Analysis of Relative 
Efficiency Based on the Profit Function 
H. Kasnakoglu and K. Somel
 
Middle East Technical University, Ankara, Turkey
 

INTRODUCTION 
()rdli anid (;ireson provinces are in Ihe northeast 


of Turkey on the Black Sea coast. 
 Both provinces

have a land structure which rises very fast from 

sea level to mountains wihot passes in the south, 

some of which are over 3000 m. Limited cultivatable 
hinds are restricted to the northern slopes and] tothe low belt near sea level. The region is one of 
the most denselytw s t populateden i f olp ov nc y areaspo intioTurkey. In thetwo, 	 pro)vinces, density of ar ly fa lpo~pulatio)n rarely falls
hbelow 50 people per sq. kmn. and ca i go) up ais highanas 250 people pr sq . k. Such high densities of
its 2p eopl epn, s)q.Iill.uh hideniieise Iof
popelatnion, coupled with limited land, give rise tothey
considerable migration. The people from the north-
east are stereotypedlt as industrious, business-like and
 
clannish in behavior, Given the extreme scarcity of 

and pressure on the reso urircts of the region, such 

b~ehavio~r would I,, o)nly fillingq, if only is a prereq'i-

site of survival (Ministry of Reconstruct ion and
Settlenle~nt, 1972).Theteonomic livelihood of Ihe population, about 

155 percent of which is rural, is (erive(d mainly from 
three agrictillural prodLucts which are exported
abroad or to other regions of Turkey: tobacco, hazel-
nuts, ani tea (Ministry of Reconstructtion and Settle-
ment, 1972). (rdu and Giresun specialize in hazel-
[inuts. IlazelriLtts are among the significant export 
itens of Tourkey, and Turkish haztelnutls are sought 
in world markets as being of high quality.

Our ai in in this palper is to look at various factors 
which can be hypothesized as having an effect on
the efficiency of hazelnut production. The tool of
analysis that we shall employ is he profit function 
as developel by Lai and Yolopoulos (1971). The 
dala that we shall titilize are based on a survey 
conducted in Girestn and Ordu in 1970 by the
Turkish Ministry of Agriculture. Limited use was
also made of another survey conductedt in 1974 by
i'iskobirlik, the hazelnut (:ool)erative, in Giretsun and
Ordt . '['be saime data were the basis of one of the 
atil hors' Ph.D.. dissertation [Kasnakoglu, '1972]. 

EFFICIENCY AND THE PROFIT FUNCTION 
Whatever the criteria of differentiation between 

economic tinits or sets of economic units, a criterion 

of relative economic efficiency should account for 
three factors (Lau and Yotopoulos, 1972): 

a. Technical efficiency; different production units 
can produce different levels of output from given 
inputs. 

h. Price efficiency; different production units willdiffer in their success in maximizing profits. 
c. Different econom ic: units face different outputand 	input pric~es.


i pu prcs
 
"It is clear that two firms of equal technical efficiency,whichhave stC(essfully maximin ized profits would stillfac 

vdifferentprices'" (La and Yotopoutos, 1972).o 

Usually, the production function is utilized as a 
tool in the analysis of econoinic efficiency. However,
because it cannot account for the factors stated above, 
the production function is an inadequate tool inthis 	respect (Yotopoulos, Lau, and Somel, 1970).A more efficient tool for the analysis of economic 

efficiency, especially for the purpose of comparing 
different forms grouped according to various criteria, 
is the profit function. As the theory of the profit
function has been dealt with in detail elsewhere 
(Lau and Yotopoulos, 1971, 1972: and Yotopoulos
and Lat, 1973), we will present only an outline 
here. 

Given a production function 

= Z 
where Q is output, X is the row vector of variable 
inputs, and Z is the row vector of fixed inputs, profit,
P, is defined as current revenues nlinus current costs, 

=P - Xc' 
where p is the price of output and 6 is the row 
vector of variable input prices.

Based on the asstimptions of the optimization 
process, it is possible to obtain a profit function 

I = g (p, Z) 
which gives a relationship between the maximized 
value of profits for each set of p, e- and Z. 
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It is possible to reduce the relationship to a 

Unit-Output-Price (UOP) profit function, 

i1 =and 
- = 1 = g (c, Z 

where c = 1/p c is the row vector of normalized 
variable input prices (Lau and Yotopoulos, i971). 

With the UOP profit function, tests for relative 
efficiency can be held by testing some of the parame-
ters. This is best illustrated by specifying a functional 
form. For a Cobb.Douglass production function 

... .. 

Q A H x'," H z,, 
I 

where 

S= < 1 

the UOP profit function is 
,,M 

[1= A H 
i ,/,,1 -.1.) 
-, 

By differentiating between the profit functions of 
different groups of firms, it is possible to test different 
facets of relative economic efficiency by conducting 
certain tests on the parameters A, , and . 

A test of equal relative economic efficiency can 
be held by testing if the coefficient A differs between 
groups of firms. In a Cobb-Douglas specification this 
test is achieved by testing in a linear logarithmic 
estimation whether a dummy variable representing 
a grouping of firms is significantly different from 
zero or not. 

Below, we shall represent several such tests on 
hazelnut farms grouped according to various criteria. 

THE DATA AND FUNCTIONAL SPECIFICATION 

The data are specified in detail in Kasnakoglu 

(1975). Here, we shall give only a general description. 

The sample that was used in our study consists of 

202 hazelnut farms. A certain plot in each farm is 

included in the analysis according to the survey 

design. For each plot we define profits (PRF) as 

the difference between the total value of the product 
(TVP), and total wages (TW) for hired and family 
labors utilized in prod uction and harvesting, plus 

'It ispossible to test between groups of firms for: ta) equal relative 
economic efficiency, (h) equal relative technical and price effi-
ciency, (c) absolute price efficiency in each group, and (d) 

returns to scale. Due to computer program limitations 
constant 
we could not conduct all those tests, so confined ourselves to 
the test of equal relative economic efficiency only. 

total current and capital expenditures in monetary 

terms (TCAP), Family labor is valued in terms of 

opportunity cost as equivalent to hired labor. Current 
capital expenditures include such things as 

fertilizer, pesticides, dlepreciaition, etc., all converted 

to monetary terms. The price of labor is wages and 
the price of current and capital expendilures is taken 
as the opportunity cost of such expenses, (1 + r) 
where r is the interest rate. The normalized prices 
of these variabh inputs are labeled as WT and FT 
respectively. The fixed factors of production are the 
number of hazelnut trees in the plot (TOCAK) and 
the area of the plot (CSHA). Ilence, with the prefix 
L depicting natural logarithms, the estimating form 
becomes 

LPRF = A + a, LWT + a., LI'T + 1), LTOCAK 
+ b.,LCS1A + X d,D,, 

As stated above, the variable TCAP incorporates 

as an aggregate both current nonlabor expenditures 
the timeand service flows from capital inputs. At 

of this study it was not possible to disaggregate 

the data. Hence, we conducted the exercise of an 

alternative specification, viz. the specification of 

TCAP as a fixed factor of production. Then the profits 
in this alternative specification, denoted as PIRFA, 
are defined :is the difference between TVP and TW. 

The estimating form of the profit function in this 
alternative specification is 

LPRFA = A' + a, LWT + b, LTCAP 
b, TC + LCSHA + d D,. 

+K 
(Please refer to the appendix for the specification 
of the variables.) 

TESTS OF HYPOTHESES 
We consider nine citeria which can he hypothe

sized to be effective fa: ors in creating differences 

in economic efficiency. hese are: 

1. Total family size. 
2. "Fotal land area of the farm. 
3. Place of sales. 
4. Time of sales. 
5. Channel of sales. 
6. Total hazelnut area of the farm. 
7. Province, as representing the quality of soil. 
8. Altitude of the surveyed fild. 
9. Average age ot trees on the surveyed field. 

Hypotheses with respect to these criteria will be 
given below. In general, the profit functions appear 
well behaved. Ilwever, the inilial specification as 
presented in Table I indicates that the wage rate 
variable is statistically insignificant in most cases. 
The rest of the variables are significant and have 
the righ signs in both specifications. A method of 

over one of the specificationsestablishing preference 
can be looking at the duality relationships between 
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TABLE 1 

Regression A IWT LI'7" LTOCAK LCSIIA D1 D2 D3 D4 R4 

1. No duminy 

2. Tohid family size 

3. Total Land A 

4. Total Land 13 

5. Total Land C 

(i. I'lce of sales 

7. Time of sles 

fl. Sales channel 

9. TItal hzlnlot 
area 

1(0. Province 

31. Altitude 

12. Average age of 
trees 

0.56313 

I 
0.5374 

1 
0.9477 

.75 
0.4473 

1 
(3(409 

.75 
0.4496 

I 
0.4916 

1 
0.58335 

1 
0.239 

I 
-(0.6615 

.75 
0.4419 

I 
-u.70111 

.75 

-0.011487 

1 
-0.02:1 

I 
-0.0559 

I 
-0.07211 

I 
-00960 

I 
--0.0460 

I 
(.0(07 

1 
--0.04611 

1 
-00321 

0.1544 

1 
-0.0517 

1 
-0.0552 

I 

-1.1045 

- 1.0995 

1.0211 

--1.1033 

1.0(1 

--1.1705 

-1.2153 

-1.0959 

-1.2130 

-1.6873 

-1.736 

-1.4869 

0.3525 

0.3575 

0.348 

0.3553 

0.:3476 

0.3621 

0.4210 

0.3506 

0,3589 

0,5298 

0.3618 

0.4625 

0.41101 

0.4719 

0.4372 

0.5045 

0,4675 

0.4667 

(0.4338 

0.4809 

0.5198 

0.3073 

0.4599 

0.3441 

0.1249 

.75 
-0.2132 

0.1102 

.75 
-0.0804 

I 
-0.0896 

1 
-0.3364 

0.0148 

I 
0.1670 

I 
-0.4567 

-0.0383 
1 

-0.1065 

-0.2573 
.90 

0,1271 
I 

-0.1502 
.75 

0.5146 

-0.0709 
I 

-0,2438 
.75 

0.4109 

0.0797 
I 

-0.2479 
.75 

0.4681 

0.4707 

0.4733 

0.4694 

0.4766 

0.4692 

0.4766 

0.4681 

0.4729 

0.4950 

0.4749 

0.5085 

TABLE 2 

Regression A' LWT I'I'CAP LI'OCAK LCSHA DI D2 D3 D4 R 

I. No dummy 1.11644 -(0.43110 0.2199 0.3405 (.3856 0.6061 

2. Total family size 

:3. Total la nl A 

4. Total land 13 

5. lotal Lind ( 

0. Pl:ie of sales 

7. lime of sales 

(3. Chouiil if sales 

9. hlthil hizel nut 

1.8592 

2.0549 

1.76019 

1.9414 

1.36112 

1,11697 

1.9051 

1.73115 

-0.4214 

.90 
-0.41:39 

.90 
-0.4582 

-0.4379 

-0.4357 

.90 
-0.40111 

.90 
-0.4162 

.90 
-0.4756 

0.217:3 

0.2211 

0.2214 

(.2245 

(.2191 

0.2220 

0.21037 

0.2241 

0.24:36 

0.2352 

0.2426 

0.2369 

0.2400 

(.21115 

0.2350 

(.2397 

0.38211 

0.3506 

0.4049 

0.37111 

0.31164 

0.3t566 

0.31166 

0.413 

0.0660 

.75 
-(0.1356 

.75 
0.0912 

.75 
-0,03:311 

1 
0.0054 

I 
-0.2023 

.75 
-0.0441 

1 
0.081019 

-0.1691 

.90 

0.0543 -0.0716 0.0732 

0.6071 

0.6092 

0.6074 

0.6119 

0.6061 

0.6105 

0.6066 

0.6095 

3(0. Pirovine: 1.46:16 - 0,.5207 (}.2270 0.3349 0.2917 
I 

--(.24:34 
I I I 

0.616 

11. Altit ude 

12. Avirage age of 

triis 

1.13:305 

1.243 

- 0.47:33 

-0(.5967 

0.2229 

0.2251 

0.2653 

03125 

0.3612 

0.29411 

-0.0676 

1 
-3.0771 

-0.13:31 

.75 
0.3377 

-0.2293 

.90 
0.2633 

-0.2706 0.6 147 

0.6321 
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the profit function and the production function 
coefficients. However, this requires further tests for 
conclusive results. As stated above in footnote 1, 
these tests could not he conducted, Hlence, we present 
both specifications. It (:an be observed that the 
indicators of relative efficiency, the signs and signif-
icance of the dumly variahes are quite invariant 
between the two specifications. And, as relative 
efficiency is our main concern, we will turn to the 
hypotheses and analyze each one briefly. In each 
case, the reader is referred to the appendix for 
numerical results. 

t1 vypothesis I. As hazelnut production is quite a 
labor intensive process, it can be hypothesized that 
larger families, utilizing this larger family labor more 
intensively, would be more efficient. This hypothesis 
is acceptale according to Regressions 2. -lowever. 
the margin is small; a factor of 7-13 percent and 
quite a low level of significance. Hence. this result 
should be vi,,.-..,i d ,,Utiously. (A similar line of 
analysis, using a weighting scheme for the different 

members of the family, did not improve the results.) 

Hvpothesis 11. The total size of a fmrm is usually 
a crucial Variable in economic analysis. The usual 
controversy is around two views: 

(a) Large farms, though being more capital inten-
sive in a labor-abundant environment, make tip for 
this by having better access to credit, technological 
information, and other scarce inputs. Hence, larger 
farms can be expected to be more efficient. 

(b) Small farms, using family labor in the farm 
intensively, usually establish better managerial per-
formance. Hence, small farms can be expected to 
be more efficient. 

our hias is towards the latter view as 
Although r bial experds he dotteieve 

a restult of our empirical experience, we do helieve 

that the problem requires the titmost cruinyandandthattheprolemreqire theutmst scrutiny 
care. We will show this with a little exercise that 
we conducted. Regressions 3 (Case A) indicate that 
if the border-line is taken as 25 decares, small farms 
are relatively less efficient. However, Regressions 
4 (Case B), in which we take 10 decares as the 
borderline, show that small farms are relatively more 
efficient. The crucial thing then is to be rid of one's 
biases and determine borderlines empirically in an 
interactiwye manner. Regressions 5 (Case C) joined 
Cases A and 13, and we observed that medium sized 
farms between 10 and 25 dhecares were at a disadvan-
tage in employing labor in a larger area and at the 
same time were unable to use some of the implied 
financial and informational economies of scale, thus 
making them relatively less efficient than smaller 
and larger farms, 

Hypothesis 11. Considering costs of transpor-
tation, one would expect that the closer the sales 
take place to the field, the more efficient the opera- 

tions. Regressions 6 indicate that this factor is not 
effective, and the place of sales is rejected as an 
efficiency criterion. 

ttypothesis IV. 1-lazelnuts are sometimes sold on 
the tree, before they are harvested. This is due to 
the cash needs of growers, as well as to the structure 
of support prices (see Kasnakoglu [19751, Appendix 
F). One would expect that those who sell exclusively 
after the harvest wouldhie more efficient because 
cash needs usually lead to eploitation by money 
lenders. We get diametrically opposite results from 
Regressions 7. This might hie attributed to minimiz

ing the risk of uncertainty about future prices. 
However, our tests are not indicative of any unequiv
ocal explanation in this respect. 

Hypothesis V. We compared the relative efficiency 
of farmers who sell their produce exclusively to the 
Fiskobirlik cooperative with those who sold to 
merchants, middlemen and Fiskobirlik, i.e., who had 
diversified sales channels or non-cooperative sales 
channels. The indication was that this was not a 
significant dimension for purposes of relative effi

ciency comparisons. 
There is substantial correlation Ietween farmers 

who sell after the harvest and farmers who sell to 
the cooperative. The results Of hypotheses IV and 
V might suggest that the cooperative is not playing 
a strong and competitive role in the market, Further 
tests in this vein can shed light on this issue. 

Hypothesis VI. A hypothesis similar to hypothesis 
II was tested with respect to total hazelnut arv in 
a farm. There is not a one-to-one correspondence 
hetween total farm size and total hazelnut area. 
Furthermore, total farm size must be the doominating 
factor. Various trials with total hazelnut area all lead 
to its rejection as a factor of efficiency. Regressions9, in which all class dutm mies are not significant ly 

9,iwhc lcasdumearnosgifatydifferent from zero, is one example of our trials. 

Hypothesis VII. The land structurean(l soil quality 
of Ordu are superior to Giresun. In some cases the 
slope in Giresun is as high as 70 percent, whereas 
rarely over 40 )ercent in Ordia. Furthermore, Ordt 
is a newer hazelnut production area with younger 
trees. These considerations indicate that farms in 
Ordu would be more eflicient. The results of Regres
sions 10 support this hpoth,s. 

Hypothesis VIII. Technical considerations of pro
duction, a, well as proxiirity to urban centers along 
the coast, transportation fi:ilities, etc., lead to the 
hypothesis that the higher a farm, the less efficient 
it becomes. This hypothesis seeims acceputable ac
cording to the results of Regressions 1 1. 

lypothesis IX The productivity of hazelnut trees 
increases up to around tho age of 25 years arnd then 
decreases. A hypolhesis of initially increasing and 
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then declining efficiency according to the average 
age of trees in the plot is supported by Regressions 
12. 

CONCLUSIONS 
Our results lead us to generalize tentatively that 

hazelnut producers are not differentiable in terms 
of relative efficiency with respect to predominantly 
economic factors, whereas natural factors do cause 
differences in relative efficiency. It will be possible 
to condu(:t further tests to pinpoint other dimensions 
of efficiency. Our results are tentative and prelimi-
nary until these future plans are realized, 
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APPENDIX 
Profit Function Estimates-Regression Analysis 
Variables (L sigifies natural logarithms). 

A or A': Constant term for intercept, 
LWT: Wage rates per hour in Turkish Liras 

(T.L.) divided by price of output. 
LFT: Cost of capital; 1 + r where r is the 

interest rate, divided by price of 

Regression 6: Place of Sales (PLACE). 
DI = I for sales at the field or village or both. 
Sales at any other place (such as the town or 
the city) is absorbed in the intercept.

Regression 7: Timing of Sales (TIME). 
D1 = I for sales after the harvest. 
Sales before the harvest or sales both before and 
after the harvest are absorbed in the intercept. 

Regression 8: Channel of Marketing (MARKET). 
D 1 = 1 for sales to the Fiskobirlik Cooperative. 
Sales to various places or to places other than 
the coopera!ive (middlemen, merchants, etc.) are 
absorbed in the intercept. 

Regression 9: 'otal Hazelnut Area Owned, in 
Decares (CTHA). 

D2 = 1 for CTHA _5 
D2 = 1 for 5 < CTHA :- 11 
D3 = I for 11 < CTHA _<20D4 = 1 for 20 < CTH A_<: 30 
CTHA > 30 is absorbed in the intercept. 

Regression 10: 
D1 = 1 for Giresun. Ordu is absorbed in the 
intercept. 

Regression 11: Altitude, in Meters (HGT). 
DI = I for 50 < HGT _ 250 
D2 = 1 for 250 < HGT _ 350 
D3 = I for 350 < HFT _ 550 
D4 = 1 for 550 < HGT 
HGT s 50 is absorbed in the intercept. 

Regression 12: Average Age of Hazelnut Trees 
in Years (AGE). 
D1 = 1 for AGE 5 10
 
D2 = 1 for 10 < AGE -<20
 
D3 = 1 for 20 < AGE _ 50
 
AGE > 50 is absorbed in the intercept
 

outpu t. h 
LTCAP: Current and capital inputs (service The estimated linear-logarithmic form in Table 1 

flows) in T.L. is 
LTOCAK: Number of hazelnut trees. LPRF = A + aI LWT + a., LFT + b,LTOCAK 

LCSI-IA: Surveyed hazelnut area in decares (1 + b..LCSHA + Xdi Di. 
decare = 0.247 acres). The estimated linear-logarithmic form in the alterna-

Dummy variables: the e i atd p in Torm is 
Regression 2: Total Family Size (TFPOP). tire specification presented in Table 2 is 
D1 = I for TFPOP > 8. LPRFA = A' + a', LWT + b,LTCAP + b,;LTOCAK
TFP0P --8 is absorbed in the intercept. + b1 LCSHA + edD,

Regression 3: Total Land Owned in Decares In the tables below, all the coefficients are signifi
(ITTA); Case A. cantly different from 0 at _->a probability level .95,

) I = 1 for ITTA s 25 except where indicated under the coefficients by:
ITTA > 25 is ahsorbed in the intercept. .90, implying significant difference from 0 at

Regression 4: Total Land Owned in Decares probability level > .90, but not at probability
(ITTA); Case B. level L- .95;

1)1 = I for [rTA _<10 .75, implying significant difference from 0 at 
ITTA> It is ahsorhed in the intercept, probability level _>.75, but not at probability

Regression 5: Total Land Owned in Decares level > .90;
 
(rI'TA); Case C. 
 1,implying insignificant difference from 0 at

) 1 = Ifor ITA < 10 probability level _ .75. 
)2 = 1 for 10 < ITTA -_25 All F-values indicate significance at probability level 

ITTA > 25 is absorbed in the intercept. 2t .995. 
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A considerable proportion of the sub-tropical areas 
on the east coast of Australia is undulating to hilly. 
For example, in the Richmond-Tweed Region 

' (2 8 01 7 '- 2902 5 S, 152035'-153035 ' E), on the north 

coast of New South Wales, about one-quarter of the 
area consists of moderate slopes (3-8% slope) and 
a further one-fifth consists of steep hills (8-30'%, 
slope) (Anon.. 1972). Near the coast, in the higher 
rainfall areas, much of the hill land is utilized for 
either non-agricultural activities or intensive enter-
prises such as horticulture. In areas away from the 
coast. much of the hill land of 3 to 30% slope has 
been cleared of timber. The pastures consist of warm 
climate species, the dominant one being carpet grass 
(Axonopus affinis). 

The region lies in a transitional zone between 
tropical and temperate climates. From November to 
March. warm humid conditions associated with the 
northerly winds prevail and tropical cyclones can 
occ;ur, while from July to September the weather 

pattern is dry with some occurrence of frost. Average 
annual rainfall on the coast is 1(350 mm, and this 
decreases to 1025 mm in the west of the region. 

December and January are the hottest months andi 
July is the coldest (Anon., 1972). Temperatures along 
the coast are modified by sea temperatures, but there 
is little variation along the valley floors (Murlagh 

el aL., 1975). Hill land temperatures and frost inci
dence are dependent on local effects such as topog-
raphy, aspect, slope, soil type, soil moisture content, 
and the type of vegetative cover. On the average, 
evapotranspirat ion exceeds rainfall from July to De-
cember, at least for areas away from the coast, 

The main feature of the soils in the region is the 
great variation in types (McGarity, 1956). Those hill 
soils developed on ferruginous parent rock are gen
erally well structured, have a moderate to high 

fertility and are amenable to pasture improvement. 
Those hill soils developed on non-ferruginnus, 
quartz-rich parent rockgenerally have poor structtre, 
low pl1, and low fertility. Little in the way of pasture 
improvement has been done with the latter, although 
cool climate legunmes can be oversown successfully. 

The major enterprises on hill lands are beef pro
duction and dairying. One of the major limiting 
factors to high animal production is low pasture 
production from the warm climate species during 
winter andi spring. Cool climate perennial pasture 
species grow well in autumn and winter but are 
rapidly replaced by warm climale speci:s in sunmer 
(Colman and Mears, 1975). The danger of serious 
erosion precludes cultivation for forage crops, ;,l
though annual cool climate legunes i:an lie success

fully oversown into pastures dominatel by warm 
climate grasses using s0d-seeding machinery (Mur
lagh of al., 1964). No technology is yet available 
for the growing of cash crops on hill lands in this 
environment. Therefore in experiment was conduct
ed to evaluate a number of lupine (Ltpintzs spp.) 
species for forage and grain (cash crop) production, 

MATERIALS AND METHODS 

The experimental site (28'50' S, 152'52' E) was 
on chocolate soil (Stace .I al., 1968) oni a hillside 
with a southerly aspect. This soil is a friable brown 
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duplex type classified as Db 3.12 under the Northcote on the following six occasions: June 24, July 8 and
(1965) system. The dominant species in the base 22, August 5 and 26, September 16, 1975. The
pasture was carpet grass. harvested material was weighed and two sets of

Four lupine varieties were compared at four sow- subsamples taken; subsamples were dried at 800 C.
ing rates in a randomized block design with three One set of subsamples was bulked over replications
replications. The varieties and sowing rates, adjusted and then analysed for total Kjeldahl N and in vitro
for seed size, were: dry matter digestibility (IVDMD). Extra subsamples 

Variety Sowing Rates from harvest two were separated into leaf and stem, 
... dried, and analysed for IVDMD.L. Jiteus Grain yield estimates were taken, in mid

cv. Weiko Ill 40, 80, 120, and November, 1.975, from the mean of three 1 m;
L. angustifolius 160 kg/ha quadrats per plot, and subsamples were analysed 

cv. Unicrop for N.
L. aihs line WBI 75, 150, 225, and DM yield and grain yield data were subjected to
L. alhus line WBII :300 kg/ha an analysis of covariance with plant density as the 
The site was mown prior to fertilizing and sowing. covariate. 
All plots received a basal fertilizer dressing of 37 
kg of phosphorus ha ' nd 48 kg of sulphur ha '
 
b)oth ap)lie(l as superphosphate, and] 50 kg of potas- RESULTS AND DISCUSSION 
sium ha 'appli(d as potassium chloride. Fertilizer Temperature for the experimental site and rainfall 
was applied through a sod-seeding machine. Plot for Kyogle (6 km distant) are shown in Fig. 1.
size was 20 x 2 in and row width was 30 cm. Comparisons of 1975 data with long-term means at

Seeds wer ino(culated with the appropriate rhizo- other locations indicated that the 1975 monthly
biaI strain, lime pelleted, and then sown by hand maximum temperatures were approximately 0.5 to 
on April 23, 1975. Plots were sampled for dry matter 1.00 C warmer than the long-term means luring May:
(DM) yield from 1 m ! randomly placed quadrats to July, and monthly minimum temperatures were 
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Figure 1. Monthly mean temperatures for the experimental site and rainfall for Kvogle. 
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approximately 0.5' C warmer from August to De- season (Greenvood et al., 1975). However, the 
cober. Rainfall in 1975 was somewhat above variability in the data from the list two harvests 
average in February and March, low from April to suggests that some unknown factor also influenced 
July, and well above average from September to branch development. 
Decmer. IVDMD of Weiko Ill was considerably greater than 

Dry matter yields (Fig. 2) of Weiko IIIwere lower that of the other three varieties over the first four 
than lhose of the other three varieties (P < 0.01). harvests (Fig. 3). IVDMD of leaf and stmn at harvest 
However, Weiko Ill has a slower emnergence rate two were Unicrop, 78% and 531% We!iko II,77% 
and takes longer to develop nodules following late and 78%: WBI, 711% and 65%(;: and W1311, 72% and 
sowing than does Unicrop (Farrington, 1974). DM 63(%, respectively. This is in accord with dala on 
yields of Weiko Ill from sowings in March or early lignification of stalks of the three species (Tomas-
April can be expected to "('uai or exceed those of zewska, 1966). The decline in IVDMD of Weiko Ill 
Unicrop. Correlations .v,en plant population at harvesls 5 and 6 differs from results obtained 
densities and DM yield were high (r = 0.64-0.92) by Royal and Hughes (1975) in which Weiko IlI 
for the first two harvests but d ecrea.ied wilh subse- IV DMD remained above 70";, as late as yarlSep
quent harvests. This appeare~d to he partly doe to tember, and animal produtioni was equivlent to) 
the complex branching habil of lupine which is that from oats (Avena sativa) and ryegrass (Lolium 
known to be influenced )y population density, inulliflorimn). The increase in IVDM1) of WI and 
growing conditions, and the length of the growing WBII at the last harvest may have been due to the 
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Figure 2. Growth of four lupine varieties oversown into grass pasture. 
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Figure 3. In vitro dry matter digestibility of four lupine varieties. 

contribution made by deveol)ing pods and seeds and grain yield were non-significant for each of the 
(Davis an(I Offutt, 1975). Significant differences varieties, indicating that for grain production lower 
between these four varieties in their value itsforage sowing rates can be tused. 
crops are not known at this time itsthere are no The results show that lupines have a number of 
comparative data on utilization or animial produtc- attributes that make them particularly useful in hill 
tion. lands in stil-tropical areas. High yields of high 

No grain yiel estimates were made for [nicrop, quality forage are produced at a time when pasture 
because rats selectively harvested this variety. Grain production and luality are normally low. With 
yields of W131 (2300 kg ha ') anid W1311 (2300 kg conventional forage crops the optimal area is diffi
hia') were higher (P < 0.01) than those of Weiko cult to determine bIecause of variation in seasonal 
I11(1100 kg ha '). Grain crule protein (N x 6.25) conditions. If excess hIpines are sown for forage, 
levels wer! 33.7%, 34.4%, and 30.9%, respectively, then the portion not required for grazing can be 
Grain yields andl prolein levels of Weiko IIIwere left to produce grain. Grain yields are high enough 
low compared to those reported elsewhere (Glad- to make the crop economiL.ally viableh as a cash cro). 
stones, I970; Farrington, 1974). Possible reasons As neither cultivation nor herbicidhs are required, 
were tei high rainfall anl high winds experienced botdh costs and detrimental effects on the environ
in (ctober and November. The basal branches of ment will be minimizel. The base pasture not only 
Weiko Ill were particularly vulnerable to the effects remains intact but responls to any nitrogen fixed 
of high winds. The regressions for plant density by the crop. 
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S. 	 Powles (M ichigan, USA). This was a very high
ieldlint g crop in its first 'm not sore whatyiel(Ii year andI 

tht fert ilityvvel of that soil was, especially as regar(ds 
thel N status, hut I would like to know if you have 

anoy inforai tion oil tht efficie(cy of nodtuliltion? 
Swain. There was nt N usel. These Iupins were 
,ffertively no(lulated. Superphosphate was used at 

224 kg per ha and potash ill112 kg/hia. The 
lupins perform very well if yu get then effectively 
tir lt l and there has been a lot of %vork done 
with lupin Rhizohia in Australia. Ad(equate P anti 

K are required, hut this is a lower cost fertilizer 
regine thin if you have to supply N. An(, of tourse, 
you are producing a high-protein crop. 

Ironbark Ridges-Problems of Utilization
 
W. H. Johnston 
Wagga Wagga, New South Wales, Australia 

Mugga ironbark (Ecalyptus sidero.xylon ) is a 
dominant native tree species forming a disc(on-
tinuous dry sclerophyll forest cnommunity in inland 
southeastern Australia. Its general distribution is 
shown in Fig. I (Hall et id., 1970). The community 
occurs in areas receiving ietween 450 mm anld (606 
mm median annual rainfall (3adle. 1,948; Anon.. 
1974). 

Ironhark ridges have been studied in Ilhe "Temora 
District of southern New South Wales. Their dis-
tribution is shown in Fig. 1 (Johnston, 1975a). Their 
occurrence is related to geology and soils (Johnston, 
1975b) which have been related to landform and 
erosion hazard (Crouch, 1975). 

Ironhark ;ommnunities occur on elevated areas tof 
Silurian and Ordovician slates and shales. Where 
the sediments are overlain by more recent deposiIs, 
vegetation changes abruptly Ioa savannah woodlaind 
of gray box (Eoc. woollsiana). Dwyer's Mail!e guin 
(Eti:. dwyeri) replaces ironbark on elevaleIe areas 
of igneous or miela morphic origin. 

Soils include liithosols (U.ml .21) (Norht;otl e. 1974), 
yellow an(I brown solo.it zi(; and sodlodi; soils 
(Db2.33, Dy:3.42) and red podzolit; soils (Dr2.21). 
With the exception (iffihe lithtjsols, soils are duplex, 
having coarse to medium ,, upperxl urel horizons 
and clay subsoil. They are slony, of variable dept h, 
and often contain coarse gravel and sand seams 
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Figure 1. Vegetation-Temora District, N.S.W. 

paralel t) the surface. They are usually highly respectively. Cover differences could not le attrilhut
dispersibh e. ed to soil type, bulk density, soil strength, or moisture 

Ironbark ridges, although of low relief, are highly content after rain. It is doubtful if light penetration
erodible. IUnder natural con(itions ground flora is is limiting and ia phytotoxic infltuence on other 
sparse, consequen tly runoff yi!I(ls are high. Once species is suspected.
:Iearw:l for agricultural production, significant ero- Living ground cover and hlnglh (f slop! have been 

sion can occur, found more important inl dtermining erosion r',, 
A compairative study (unpub.) of an ironhark and than ac:tual slope or iltural forest litter (Williams,

yellov box 1. wooliot at Wagga 1972). On ironhark ridges. slopes rarely exce d five(l flliodora ) 
Waggal showed that living grass provided 9% and (egrees but .nav' excet,d 1.5 km in length. Whem 
25% an11ad fallen litter 77% and 615% ground cover, cleared, ground" :ove!r. including litter, de(:line!s, 
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runoff is concentrated to flowlines lnd accelerated 
gully, tun nel and sheet erosion results. 

Climate is the main factor limiting overall produc-
tivity. T'he( climatef f the Temora and adjacent areas 
within the upper Murrunhidgee Ri\'er calchmnent 
is essentially rmedilerranean (Johnston, 1975c: Ed-
wards and Johnston. 1975). A large seaisonal increase 
in evaporation redutces the! ffectiveness of summer 
rain. 

There is slightly more rainfall during the coolm 
months, May to( October; varihility is high(st during 
summer, 

Median annual rainfall decreases from 550 mm 
in the east to 450 itun iln the v(est Fig. 1). Annlal 

evaporation is approximately 1340 nm. Mean tell-
7" values 

of - 5' C and 45' C have hen recorded. lh average 
frost-free period is 192 diy; lFolv. 19-15). 

The effect of climate on plant growth has heen 
assessed using a manitlly illistill-ii bid|lncc'a d 
growth model (Lynch, 197(i). This is shovn for 
Flemora in Table I Igether with the mnffithly median 
rainfall and percentage frequency (ot wa.ter surpluses 
which are assumed lost is runoff. 

The prohability of an tip to four-nmonth droughlt 
at Tlemora is shown in '[able 2. 

Greatest erosion hazard occurs whei ground cover 

C to *peratures range from 232 C: ir 

is depleted and there is a high risk of intense rain. 
Daily rainfall analysis for Temora (unpub.) shows 
311',, of January rainfall and 38% of the raindays 
involve falls exceeding 30 mm per day. I' corre
sponding values for July are 5.4% and 0.5%. There
fore, land manage ment during summer is very 
important. 

Land use on ironlack ridges inchluds winter cereal 
growing and sheep and cattle grazing. Property sizes 
vary from 200 to 2000 ha. On farms smaller than 
250 ha. increased soil erosion often results when 
an attempt is made to offset reduced earnings by 
increased lamd use'. rodhuctivity from th(se areas 
is iow. 

The effects of land use practices such as grazing 
intensity, hngth of :rop) rotitions, summer fallowing, 
a1nd stule hohIrning on erosion rates are significant. 

(ilctiliaiti(s using (diii given hy Kohn et al. (It966) 
show that al Vagga Vagga, whi(:h is climatically 
similar Tl'emora, an increeis in soil moisture 
storage as ,i isull of sullller f,allowing w.ill (ti;:tlir 
less frequently thin on! yeilr ill four. )espite this. 
summetr fallo\ing is widespr(ad. Soil loss froim siill 
pl)ts during thei, fallov wheal phse of at three-yer 
rotalion is six limes greatder than during the first 
year of ley pasture ad seventmn times that from 
the seconl year tist tre (Anon., 1975). Loss rites 

TABLE 1. Growth indices for Temora, New South Wales 

Ian Feb Mar Apr May Jun 

35 48 

SMI1 0.2 0.2 0.2 
MMR 32 26 24 :i 

1.4 05 1.0 

TI 0.8 0.8 1.0 0.i (i.4 0.1 

G1 0.2 0.2 0.2 (1.4 0.4 i.1 

% surplus 0.0 0.0 0.0 2.2 4.3 12.O 

Magnitude 00 0 27 56 21 

"Inftex numltr of 1.1) represents optinmin growth (modilfions for cool 

MMR: Medi.n monthly rinfall (rm).
SMI: Median soll mtoisfu~rv index. 

'T: Trinperit ire inire\. 

;I: ;rowth ijhrex-m,)sl limuing olLu'rfSmI or I. 
; surplus: '' O(.(u rri'imi of c:dllIfid('e ] rulnoff. 

Magnitudv: R latike magnituf(if f .,ilt ulalvdl runjff-median vituii. 

0. i 0.2 
0.1 0.2 

21.7 21.3 
23 22 

seasont species. 

TABLE 2. The probability of drought periods, Temora, 

No. of 
c-onsemitllivef 

Jiul \ug: Sop )00 Nov Dec 

40 -2 36 45 311 ?1i 

1.0 1.0 L.0 if 0.5 0.2 

1.5 (.It 1.0 0. 
0.5 (.81 0.5 0.2 

14.1 i 1.7 1.1 0i0 

2(6 1M 10 0 

New South Wales 

months Jan 1I.1) Mar Apr May Jin Jlil A\ug Set) (Oc Nov Dec 

1 0.83: [).H5l 0.75) 0.60 01.231 0.02 ROOO 0 .00 0,02 0. l16 0. 5% 0.77 

2
3 

10.7: 
0.54 

0(65 
0).45 

10.51 
01 

0. 116 
0(.0 

0.12 
0))1.00( 

(.(1
0,00 

0 (
0.001 

(.0(10
0.00 1 

1.)02
0.02 

0.14 
0.12 

0.45 
0.381 

0.63 
0.57 

4 0.37 0. 1:1 0.00 0.00 1.00 0.00 .0 O 0,0(1 0.00 11 .09 .:15 1.41 
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on ironhark lands are expected to be in excess of is not cormiercially available in Australia. 
this. The limiting climatic factor of the district is 

Erosion rates would be reduced if land preparation modified by the ironbark ridges to give a more arid 
(lid not comrnience until early autumn and if stubble microclimate. Comparative estimates (unpub.) of 
from the previous year were retained. By calculation infiltration capacity (after Rogers, 1970) show a rapid
from Table 2 the chance of adequate moisture for decline letween topsoil. mixed topsoil, and subsoil 
land preparation over three months commencing in of a low profilte bank mid subsoil of the channel. 
March is 0.85. This compares with 0.43 for a similar Rates after 60 Minutes were 50 mn hr ', 20 nm 
period (:ommencing in Decemnber. hr ', and 3 mm hr '. respectively. Low infiltration 

A delay in cultivat ion may also reduce the effeclive rates limit rainfall effectiveness while higher runoff 
stocking rates during summer as inure land will he results in the seed of annual species heing washed 
available. down slope ani contributes 1toiahbcline in persis-

Soilt conservation practices on ironbark areas in- tence. 
clude bainks (terraces) to control runoff, earth (lams While infiltration rales are low any practic:e which 
lor gu lly control, waterways iand luns for runoff, ponds water on the surface shouldl inrease water 
disposai, mid (ldeep ripping of harpan and eroded absorption. 
areas to promote infillration. Contour cultivation, A comparison was made(unpub.) between contour 
stubble mulching. short autunin fallows, strategic sowing with and without trailing harrows using a 
grazing, c:o)nservation stocking, ani pt sre ini- cool sea.;on annual pasture mixture and a wide, tine 
provenients are en:ouiragel., and in s)e:ific: circlum- chisel seeder. The harrowed treatment resulted in 
stances low-interest loans are avaiiable for Iinlhold- a uniform soil surface, whereas without harrows the 
ers to carry out their priograms. soil surfate was furrowed. Gypsum was applied at 

lstillishment of impro(ved graiss! legume pasture rates of zero, 2 500 and 5 0010 kg ha '. The first season 
species requires heavy fertilizer application. Trials was one of the driest oin record: the second was 
(11u1pub.) hilve shown initial application rates in ahnormally wet. Measurements of dry matter yield 
noin-erode( situations oif :0 to 40 kg P hi '. Subse- all( soil moisture to a depth of 10 cm were made 
(lti'nt appiications of 10 kg 1) e:ach year art usually in June, August, and October. The first and last rating
reconimenlded, particularly oin arable land. On correspond with the usual commencement and end 
exl)osed suhsoil. reomfmenlehd initial application of the growing season. 
rales are generally higher hy a factor if 1.- to 1.5. Soil moisture differences due to harrowing were 

Pasture species for ironbark areas must either be significant only at the first rating. The use of harrows 
annoals to escape the sunmer drought or strongly reduced mean moisture content from 13.4 to 11.5% 
summIer dormant or irought tolerant perennials. oven dry weight. This measurement was made four 
Annual species include subterranean clover (Trifo- days after rain, whereas the subsequent ratings were 
lium suhlerraneumn) aril Wiinimera ryegrass (Lolium made within 24 hours of rain. The effect of gypsum 
rigidinu ): suinmer dormant species inclinclde Austra- was significant only at the end of the season where 
liin commercial and Sirocco plalaris (Phairistu- moisture contents 9.2%, ovenof 8.5%, and 11.6%(y 
herosa ): anil drought tolerant species include Currie dry weight corresponded with the zero, 2500, and 
ci:cksfoot (1)acfylis glonrata), Perennial veldt grass 5000 kg ha' treatments. In August, harrowing 
(Fhirhiarta calycina), African lovegrass (Eragrostis reduced yield from 1373 kg ha ' to 904 kg ha - ' 
s p.), and unter River Iucerne (Medicagosaliva ). dry matter, and in October from 4850 kg ha ' to 

Species Irials on ironhark areas (unpub.) indicate 2 710 kg ha ' 
(;rallto, Daliak, and Sealon Park cultivars of sbill- Yield increases of 53%, were found with gypsum 
terranea o(:hver, which mature y tih endll(l(f October, applied at 5 000 kg hal ' in hoth August and October. 
are essenlial because of the high Idrought risk in There is no doubt that the furrowed seedbed 
November (Table 2). The growth of Winmera rye- improved moistore relations and plant growth and 
grass in years su sequen t to sowing is variable. such a practice should be recommended ol ironbark 
Annual pastures, although imporlant in ley farming, lands. 
(lo iot provide adequate soil protection during sum- Moisture distribution in an adjacent 64 m X 25 
mer and (o not persist when sown on soil conserva- in trial area defined three moisture zones (11mnpuob.). 
tion earlhwi ks (Johnston, 1975d). Of the perennial A very dry zone occurred Ibhove a zone of interme
species, Sirn,,:co phalaris was found most suitable, diate moisture content which separated the dry zone 
aIlthough under cootinuous heavy grazing it will from a lower an(d much wetter area. Soil profile 
not persist. The strongly (Irought-tolerant suinmer examination in each zone showed differences were 
growing grass, African lovegrass, was superior to due to the presence of a gravel sean between 10 
cool seasn(i grasses in two trials on ironbark areas and 20 cm benealh the surface in the dry zone and 
(Johnston, '1974). In one trial it survived for six years close to the surface in the wet zone. 
in ai area heavily grazed during sumier. The grass In the dry zone the gravel searn was cemented, 
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forming a hard impermeable layer. Mean moisture 
content of the soil above the seam was 5%, while 
below the seam, at the top of a clayey B2 horizon, 
it was 9 % oven dry weight. 

In the intermediate zone the gravel seam was 
disi:ontinuous. Surface moisttre content was about 
12%N'. while subSoil moisture content in creased to 

35 to 40% at 40 (:m depth. In one profile free water 

was present in a gravel aquifer. 
The wet zone was characterized by an inverted 

moisture profile decreasing from 20-23% to 14% 
at 50 (:im depth. A moisture content of 8" was 
assoc:ihitd with a cemnItt san( seali 15 cil below 
the surface. 

Ulnequal soil moisture distribution and concentra-
tion of lateral flow have important implications in 

lind use an(l soil conservalion. 

In extreme situations variable moisture availability 

mayliladversely affect grain yields and result in 

Une.,!ven pasture growth. The presence of aquifers 

and gravel seams may influence the stability of 
they are close toC:onservation works and whr 

dispersible subsoils. may proimote tunnel erosion. 

Deep ripining oif celf(ited gravtl seitt to proftt 
infiltration should reduce these effects. 

The experimental findings reported here indicate 
certain routine soil conservation mea(isures as more 
effective than others in maintaining stability of 
ironbark ridges under agricuIlt ural prod uction. These 
are: 

1. Graded banks to reduce length of slope and 
avoid runoff concentration in flowlines. 

2. Deep ripping of impermeable hard pans to 

promote infiltration and uniform water distribution. 

The use of gypsum in critical areas will he of further 
benefit. 

3. Contour cultivation to maintain surface 
roughness. Revegetation of disturbed, eroded, and 
water disposal areas requires heavy fertilizer ap-
plication arid judicious spe(ies selection as identi-
fied by field trials. 
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67. 
A 20-Year Study of Pasture Development Through
Phosphate and Legume Oversowing on North Island Hill 
Country of New Zealand 
F.E.T. Suckling 
Department of Scientific and Industrial Research, Palmerston North, New Zealand 

The'Te Awa hill pasture research area is situated 
ahout 320 in above sea level on the watershed 
between the Pohangina and Oroua rivers, approxi-
mately 30 km north of Feilding (175'50 , E. 40008 , S) 
and has a climate well suited to grassland farming. 
Annual rainfall over Ihe period 1948-68 averaged 
1062 mm, ranging from 782 mm in 1963 to ' 259 
mm in 1956 and was generally fairly evenly spread 
throughout the year: however, monlhly falls varied 
greatly (e.g., [iinuary rainfall from 23 mm in 1954-55 
to 175 mm in 1959 to 196 mm in 1961). 

Sepmtemberand March were the driest months, with 
average falls of 61 and 66 im, respectively, and 
Decem ber the wettest with an average of 110 mm. 
The wettest period wits from May to August and 
thre were occasional summer droughts. 

The soil, classified as Raumai sandy loanm, hill 
soil, is an intergrade hetween a yellow-grey earth 
and yellow-brown eitrih (Rykse, it,press). It would 
be classed s a ilystrochrepl (Soil Survey Staff, 1976), 
moderately firm on lhe surfact with pockets of gravel 
showing as remnants of old river terraces. Beneath 
this gravel is atn almost pure friable sand subsoil 
some hundreds of met ers in depth. This soil type 
is typical of about 114 sqt km of inodleralely sleep 
hill country with slopes of 20 to 40 degrees. Most 
of the area is deeply and closely dissected. 
The district was settled in the 1i13O's, and large 

areas of native forest were felled, burned, and sown 
to grass. tinder the original forest, the land was 
reasonably stable. I lowever, after felling, severe ero-
sion took place. Fetility, built up over centuries 
of forest litter, yielded heavy production for a short 
Ieriod. I lowever, lax grazing through understocking,
erosion of the surface soil, and cash cropping such 
as seed harvesting tt) provide grass seed for the new 
burns, resulted in the spread of bracken fern (Pteri-
dimn aqtilinum L.), ma nuka scrub (Leptospernum 
scoparitnli Forst.), toetoe (Cortaderia ftlvidih (Bu-
chall) Zoltov.), and sedges (Carex spp.). 

By the '1920's scrub reversion was a major problem. 
By now stock was more plentiful and control of 
scrubgrowiii ty culling and burn ing, sturface sowing, 
and stock r;,anageient was possible. Realization that 
heavy stocking was nwcessary to maintain clean 

pastures resulted in a decline in fertility and acceler
ated erosion as stocking rates were increased. As 
no fertilizer was applied, pastures deteriorated to 
the stage where they would support only 2 to 3 
ewes/ha plus some cattle. 

Seeds mixtures sown on the ash from the hush 
burn generally contained some ryegrass (Lolium 
perenne L.), crested dogstail (Cynosurus Gristalus 
L.), cocksfoot (Dactylis glomerata L.), browntop 
(Agrostis tenuis Sibth.), and white clover (Trifolium 
repens L.). 

-eavy stocking rates were necessary to control 
secondary growth, but tinder this management 
cocksfoot was nearly eaten out of the s-ward and 
the poor strains of ryegrass and white c.L.er rapidly 
disappeared leaving clover-deficient pastures domli
naled by browrtop, Notodanthoniaspp., Yorkshire 
fog (HohIcus lanatus L.), and flat weeds. Clover 
deficiency was also induced by smother from rank 
grass when it was seen that heavy stocking was 
causing severe erosion. 

PASTURE COMPOSITION 
At Ihe commencement of the trials at Te Awa 

in 1948, pastures had deteriorated markedly. There 
was 6.2% of bare ground, 21.4% browntop, 14.1% 
catsear (I-yt)ochaerisraicataL.), 10.7% sweet vernal 
(Anthoxanthijm odoralum L.), 7.5% Chewings fes
cue, 7.2% Yorkshire fog, 6.8% ryegrass, 6.5% Nolo
danthoniaspp., 5.4% crested dogstail, 1.5% cocks
foot, 2.4% other grasses, 3.,8% suckling clover 
(Trifolium dubitm Sibth.), 1.5%, white clover, and 
4.7% other species on aground cover basis (Suckling 
1950a). This turf was not strong or dense enougi, 
to prevent soil loss by runoff or to support animals 
in a thrifty condition. Consequently, resuarch was 
considered necessary to determine methods of pas
lure improvement. It is still an o!, n question as 
to whether pasture iinprovement or reforestation 
offers the best prospects for soil conservation. There 
is need for more information on the potentialities 
for improvement of hill pastures from both ia farming 
and soil conservation point of view. Research at Te 
Awa was intended to supply some of this inforina
tion. In the early stages, emphasis was on improving 
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the productivity of pastures. Soil (onservation prac-
tices which could ite developed consistent with 
increased produc:tion vould he more beneficial and 
more rad II adopted hy the farm er, the thinkig 

PASTURE IMPROVEMENT AND 
THE NEED FOR CLOVERS 

In New Zealand, grasses and clovers grow well 
and animals may biegrazed ()n pastures throughout
the year, ()ur fariing pattern, consisting of the 
animals harvesting fled for thenmselves all the year 
round, may rightly be considlred to he the chealeSt 
system in t1he world for animaIl production. Research 
at Grasslands Division. Palnerston North. New Zea-
land, has shown that fertility building (epentds on 
our ability to gro) vigorous leafy clovers which 
are grazed by stock to pro(lictt large quiantities of 
nitrogen which is (istributed intheirltin iand urine 
over the pasture. thus encouraing the grass cotnpo-
nient of the sward to prodicett greater quaintitifes of 
herbai'e than would otherwise have been lroducetd 
by grass or clover alone (Sv,rs and Newbold. 19.42). 
Sears ot A.. Il148t) reported t33 ., increase inpasture 
production fron ding in urine retirnedl to the 
pasture. They also showed thai iihigh producing 
grass andl (:1over sward yiedfing t0000 kg/ha of 
dry natter requires for its growth nitrogen equivallnt 
to that in 3000 kg of sulpihate of aimlmonii per ha. 
phosphate equivalent to that in 800t) kg of superphos-
phate per ha. potish equivalent tol 1800 kg of 30W'4 
potash salts per hi, ad lin equivalent to that in 
400 kg of c,,rhonatie of lime per ha. 

iiuia \hite (.l'over growing in a high-producing 
mixed grassland sward extr cts fromn the air per ha, 
per yeiar. nitrogen equal to that (cmntained in 2000 
kg of sulphate- of amm nia per ha. In New Zealand 
we feel this nitrjen t.'y'le is vital to fertility .. ilding. 

A notieable feature (if New Zealand hill pastures 
is the hck (if produictive clovers, and since it has 
been demonstrated that clovers can largely make 
good any nitrogen (eficien(:y on our hill pastures, 
the research area was ovursown by han with in-
proved strains of clover as the initial step. The seed 
mixture used was Certified NZ perennial ryegrass 
(Lolium permene L.) 22 kg/ ha, crested dogstaiiI 
(Cynosurns uristatus L.) 6.6 kg/ha, Montgomnery red 
c:lover (Trifolium pratense L.) 4.4 kg/hi, broad red 
clover 4.4 kg/ha, certified white clover (Trifo/iuin 
repens L.) 4.4 kg/ la, Mt Bark,:r subterranean clover 
(Trifoliin subterran'uni L.) 2.2 k,/hi, Tallarook 
subterranean clover 2.2kg/ha, and 1.1 kg lotus major 
(Lotus pedunculatus Cav.)/ha. Sowing was coin-
pleted by April, 1948., Establishment counts ('Table 
1) determined lhe percentage establishment of viahle 
seed sown, two and four m(onths after sowing, 

TABLE 1. Establishment counts of clover 
seedlings: % of viable seed sown 

Red White Suthhrramacmn Lotus
Lengh of litme clover (:lovr clover maoir
after sowing (%) tt () 
 )
 

2 months :1.2 :1.5 9.,4 0.5 
4 1.0 1.7 13.1 0.4 

These low establishment percentages promnpte!d 
experiments to determine optiutilm conditions and 
time for ovursowing. On most hill country inNew 
Zealand, the steep and ofthn deeply-gtdlied hills 
prleclude any possibility of preparing a seed led 
for the introluction of ilnJ)roved spec(ies and slrains 
of grass and clover seed except by the use, of large 
flocks of sheep ind/or herds of cattle which break 
w turf with their hooves when driven around a 

piaddock. 
Trials were ii(down at sites selected to cover 

a wide rangeo of soil types and climati(: conditions 
to determine the best f)onth for suirfac(e sowing. A 
total of 42 ha was sown experimlentally with (:ovi'rs 
iand grisss, iind illiost CIasvs lhe ari sown wiis 
topdresse(l with suiplrphosphite at 2150 kg/ha. ;,.
ings we'(,re niiolh at six different times of the vear. 
These trials showed that alnst withoult excel)tin 
early autumn sowings in NMrch were sulrior to 
sowings in April or May. or in the! spring nioths 
of August. September. and October (Table 2). I 
gernral. it was iapparent that sowing should take 
place when there was an asstured (:ontiluity (If 
noisture suipply (Stckling, 19501)). In ireas wher 
rainfall wa,.'s more evenly spread over tl stinimner 
spring sowings were ias good itsllittinll sowings. 

I'hle influence o(f managenent oinlthe establishment 
of leguno, species was investigated in small p)It 
studies at l'Awa in 1951. Close (:ontinu!ols grizing
to theI to 3 (inlevel before sowin, resulted in 
itsignificantly higher percentage estal)lshnlItl than 
did lax grazing (5 to 10 ;in). Applicot itons of 250 
.. 'h-i sUlperphosphat, at sowing (liiiot iniprove 
I!",' .!stahlishmtent. 

Ire wis no ditference in the eslallishmient of 
..:over, sulblerrarnean clover, and lottus nil or 

oInoter the three I)Ost-.owi ng treatments o1 cont itI
ous grazing. short spelling, and long spelling hil 
white clover establishinent was reduced hy long 
spells (4-6 weeks) between grazing. 

There were indications that long spelling prior 
to sowing did riot reduce greatly the establishnit 
of subterranean clover, but w hn grazing did lake 
phce, losses were recorded .tev. to defoliationm of 
the seedlings below the crown. 

White clover and rediclover established signifi
cantly better on turf cut to 1-2 cr:i before sowing 
than on 5 to 10 cm-long pasture. 
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TABLE 2. Percentage establishment of viable seed sown 

SUCKLING 

Month of 
stwing Red Clover While Clovitr lotus Sj~p. 

Strawlbrry (Ame.ir 
(T.fragil'oron ) 

Suhtchrrinvan 
(lIov r 

April 
May 
A oust 

2 monlhs 

30'fh:(0 

25 
3 
i 

12 months 

10 

7 
6 
5 

2 nmonths 

27 

22 
5 

I 

12 mionhs 

-

-
-
-

2 monlhs 

15 

It 
1 
:1 

12 months 

Trace 

T'race 
0 

Trate 

2 monlhs 

9 

:t 
:1 
I 

12 months 

Traci 

'l'rac( 
"l'race 
.1'rac 

000ths 

H:3 

47 
2 
4 

12 m~oths 

40 

17 
4 
6

S1.ep111tm , 91 7 - I 
( )ctollr 14 Ii 2 -2 

Niviol 15 7 14 5 

'Itwas not possihh: ifdistinguish volumnteer clover from oversown 

Leguime seedlings were attacke(d se riou,ly by in-
sectls an d slugs at the radicl e emergence s!age. Birds 
played alninsignificant part in the (lestruct ion of 
leguine seeds anti see(dlings; seedling losses were 
more severe under bird-proof cages than (o unpro-
te(;ted siles (Suckling, 1951, 1952). 

lstablishment counts were lna(le to assess the 
results fron the large-s:ale sowings at Te Awa 
(Suckling, 1954). These showed eslablishmnit rates 
of 3.2% for red clover. .. for white clover. 9.4%"o5'%', 
for subterranean clover, and 0.5',, for lotus major. 
Strawberry clover (Trifoliurn fragifrm' ) sown on 
part of the area failed to establish,

During a five-year field trial at "l'e Awa where 
the effects of sutperphosphate and surface sowing
with clovers on hill pastures were measured, clover 
eslablishmnent was also recorded in permanent qual-
rats. Shortly after sowing, 30.5 % uf red clover had 
establl ished, 41.5% (If white (:lver, 22% of subter-
raiean clover, int] f lotts major. After anotherand 
rmonthIhe figures reduced to 2i"%red clover, 22% 
white :lover, and lw%sthterranean clover, but lotus 
increased to 4%. A final neasurment ten montlhs 
after sowing revelehd that 17% of red ,:lover, 2% 
of subterranean clover, ancd 1% of lotus major had 
estaIblished. It was not possibleh at this stage to 
identify sown plants of whie clo \, ( r. The conclusion 
was that losses occurreld through grass smother from 
topdressed )asture (Suckling, 1959) as well as from 
insect depred ations, 

In a more recent study comparing establishment 
rates of ]luia and P1itau white clover sown at the 
rah. ofr 6.7 kg (f seed/Iha, ;ln average (If 9.6% of 
thet seed sovn became established (Suckling, 1976).
NATURAL RESEEDING 

(ecause(f the high (:osts invollved in oversowing
hill coountry, seed iates oIf (:lovers for oversowing 
prog l llins iaiire rgeneally lover than those used when 
s wing prelare(d see beds aid are often less than 
1 kg/ ha for the three main clovers. The proportion 

Trace 
1.4 

(06 

Trace 

Trace 
1(0 

7 
7 

12 

Trace 3 Trace 26 14 

clover 12 m(onlhs from sowing. 

of seeds which develop to estahlished plants is 
generally much lower in a sward than on cultivated 
ground, hence even with favorable conditions for 
oversowing the resultant clover stand is likely to 
be sparse (Tabhle 2). An improvement of the clover 
stand can be achieved relatively easily by allowing
plants which are already established to act both as 
itsource of seed and as a distributing agency. Trials 
at Te Awa determined the optimtum (late for resting
pastures for reseeding c(lovers ind measurements 
were taken of the results by extracting buried seed 
from the soil following these summer spells (Hyde 
and Suckling, 1952). Shutting a paddock inmid-to
late December after the bulk of spring grass produc
tion had been consumred resulted inapredominantly
clover aftermath with heaivy seed setting of the clover 
plants. Also, it took 18 (lays front floral initiation 
to seed maturity for most of the clover species, hence 
the period of rest could be relatively short and not 
disrupt farm nianagemient prograns. 

More than 200 kg/ha of huried clover seed re
mained in the top 5 cm(iof soil in the following
winter after the sunmer rest which allowed the 
clover to reseed. Samples of sheep aind cattle dung
after grazing of the spelled paddock yielded a mean 
figure of 7700 inixed clover seed per kg of dung.
This seed was mainly in the hard condition and 
was distributed around the farm oy the animals. 
Suckling (1952) found only 2% germination in 
hand-harvested white clover which was not subject
ed to any scarification during cleaning and harvest
ing, the remainder being hard seed. When this seed 
was fed to sheep incapsules, 30% of a samiple of 
impermeable seed was recovered, as opposed to 3% 
of a sample of scarified commercial seed. 

Thus under New Zealand conditions, it is prac.
ticable to graze areas of clover which are in the 
ripe head stage with large flocks of sheep which 
can then be turnledl out onto clover-deficient hill 
country. The natural impermeable condition of this 
seed is of significatce not only in regard to survival 
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in the passage through the animial, but also because 
of its intermittent germination spread over a long 
period. 

Striking examples of the effectivenless of delayed 
germination in e!nsuring survival of clover have been 
noted on hill country in old stands of subterranean 
clover. Successive lots of seedlings emerge during 
summer and alUttln, only to be ( estroyed by subse-
qent periods of drought. Seedlings emerging later 
when the r is it continuity of moisture supply persist 
and ensure it satisfactory stand. In, difficult and 
droughty areas, reseeding clovers in this miner, 
by building i large restervoir of hrd seed in the 
soil, could result in the estitblishnint of persistenqt 
stands of clover. Peren niil clovers. when grown 
under adverse t:onditions not normally suited to their 
growth and survival, (can be treated as annuals and 
reseeded fr(quently until a reservoir of hard seed 
is built up. 

TOPDRESSING 
The natural phosphate deficiency of New Zealand 

hill country is one of the most important factors 
limiting pasture production. Insufficient phosphate 
largely caused the legume species to disappear from 
the pastures sown on the bush burn. In turn, ryegrass 
and other high fertility grass species also dis-
appeared, 

Although there is a definite need for phosphate 
on most of our hill country, disappointing results 
from topdressing have occurred frequently. The 
point to be stressed is that applications of phosphate 
on hill pastures are virtually wasted inless clovers 
are present. 

The requirement for lime to reduce the acidity 
of hill country and thus enable better grasses and 
clovers to grow has also been investigated. To cause 
an appreciable change in ph. large quantities of lime 
would be necessary, causing application problems. 
At Te Awa pl-I ranged from 5.1 to 6.6 with a mean 
of about 5.6. At this level, clovers may be grown 
successfully when phosphate is applied (McNeur, 
1953). Because of the cost factor no liming was done. 
Topdressing trials were c:ondu(;ted over the period 
1955-59 at Te Awa on sloping hillside which htd 
been fenced to exc:lude stock. Pasture product ion 
was measured by mowing. Applied phosphorus 
increased yield, and there was no sulphur effect. 
Potassium applied alone reduced yield, but the 
application of potassium together with superphos-
phate increased yield above that of superphosphate 
alone. There was no response to lime or molybden um 
(Suckling, 1975). 

Shortly after the oversowing was completed at 
Te Awla, sown areas were, topdressed with 250 kg 
of superphosphate per ha. lUp to 1958 the area was 
topdressed annually in auturnn with th,- same q..an-
lily of fertiliir, making a total of .,_500 kg of 

superphosphate per ha. In 1959 most of the paddocks 
received a dressing of 750 kg/ha in one application 
coinciding with a change in program to fertilizer 
rate and stocking rate trials. Only two paddocks 
received the normal 250 kg/ha dressing at this time. 
li the remaining nine years 250 kg of superphosphate 
per ha were applied by aircraft, so that the major 
part of the area had then received 5500 kg of 
superphosphate p'r ha and two paddocks 5000 
kg/ ha. 

EFFECT OF OVERSOWlNG AND TOPDRESSING 
ON PASTURE PRODUCTION 

When the trials began in 1949, brown top was 
dominiant on the area with danthonia on the dry 
knolls and faces, a small scattering of ryegrass, 
cocksfoot, cre;ted dogstail, Chewings fescue, Poa 
platensis,sweet vernal, hairgrass (Vulpia bron-oides 
(L). S. F. Gray), Poa annua L., oa itrivialis L., 
Yorkshire fog, lpasI)alurn (Paspalrmn dilatatmnr Poir.), 
flat weeds, yarrow (Achileamillefolin L.), piripiri 
(Acaena anserinifolia (Forst.) 1ruce), toeto e, sedges, 
rushes, manuka, bracken and water fern (Histiopteris 
incisa (Thumb.) 1. Smith), and it very thin sprinkling 
of white and suckling t:love!r. The shady faces were 
more liable to scrub and fern invasion and were 
generally doininatd by thick mats of moss. ()n the 
steep parts there was much C;onnora spp.. Nerte a 
dlepressa Banks 4- Sol. ex Gaert n., and N. settilosa 
t-took.f., rennants of the native forest flora. 

The most outstanding features of the :hange which 
took place over the 20 vears between I94tt anId 1969 
was that ryegrass increased markedly whih York
shire fog, browntop, ind sweet vernal decreased 
considerably (Table 3). White clover increased momr 
than five-fold and subterranear clover and lolus 
major also increased. Catsi!;ir 1(d other flat weeds 
decreased as the oversown species incrl ased. It vas 
noteworthy that the relatively high-producing pas
tures after 20 years of inproverment were far from 
being pure stands of ryegrass and white (lover, such 
as one would find on fertile flat land. 

For measurement ')f plasture production, frame 
enclosures were placed on the area and the berbage 
grown within therm was cut monthly, weigh,.(l , and 
sarmpled for dry matter (I)M) yield, botaiical 
c;omposition, an(d protein analyses. Fig. I shows a 
(omparison betw een irmprov(l an(d unimlroved 
hillside produlction over the first seven years of the 
trial, while control pad(ocks were still maintained. 
The improved pastures produced an a verage of 
17615 kg DM/ha while the unimproved pastures 
produced 112811 kg DM/ha. This showed a 56% 
increase in overall pasture production as a return 
for the input of one sowing of clover seed and annual 
dressings of superphosphate at 250 kg/ha, or a total 
of 3500 kg of superphosphate per hit. 
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TABLE 3. Percentage botanical composition of hillside pasture in1948 before oversowing and 
topdressing and in 1968 after 20 years of improvement 

U Q 

0j cu 0a 

2 7 4 >I22 ( 5 4 1
J4 '4II .2 ,! 5 } 

191 4 2, 3-a 11 2: 5 4 1 

19611,~ 33 5 1 4 1 5 22 1 

Prodtl ionover the remaining periodl of the tril in deciding the opt imumnstocking rates for utilization 
averaged 11182: kg DM/ha o}nthie hillsidhs, and f their pastures. When ample supplementary feed 
183A{. kg DM /ha ol the smnll flat area o)fhilltops, is available the problem is less difficult. However, 
where (lung an{I urine from stocrk wexe lrgely m ny hill farms have little or no land suitable for 
deposited. Pasture prodhctio}n vriedc greatly fro m hay or silage c:oservation anti most is too} steep 
year to year. Flu:tuation in seasonal and annulal t6 e :UltiVate for ropping. W ith differences in
 

produin;itz recotrdedl at Te Ava shows that farmers pasture p~rductlion als as 30 ., betweengrealt years, 
oil unphowable hill co(untry fac~e spec;{il problems it is obvious that the farmer without supplements 

kg/ha 

25000 

1 1g00 /hao th sml fltaeaoniltp, ispravle tepolmi es ifcl.Hwvr 

20000 

1949-5 : 1 9501 2 515 1952-53 19 5 5 225 -5 19 5 5 .959 0 196 06 

Pir1o mtison of thereaniprovd ohle trlctin, deciding The orptimuextokngfrtes fmpoeutliastion
0150000 / 


Fiepori t. oparsnotir p n nmpoeproductioinvari.vrm a or48-5i.lahe gsrv ioxtndad ot isooget ilie t pstue 

giving a mean for 1960-69 Control paddocks became invaded with clovers and were no longer a valid comparison.
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PA STIJRE DEVELO)JMENT INNEW'l1 ZEALAND 

kg Lamb Weight 
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Figure 3. Daily gain in lamb weight on improved and unimproved hill pasture. Ewe stocking rates are also shown. 

.TD.. his direct lack of sunshine results in miarked 
C..'. .. . , ,. .', ., ...... changes in soil hemperature. ,i\n i\' ra ed iffeI'e l ;e 

- - -- .Itq. 4,f , B o f 2 .1 ' C a s r 1O c: dhp th ,,.nI , I 1 I wv re c o(d e d id t n h ( : 
> .... ~northern anld so)uthe;rn slope(,s oin siti s ap]prl'(xiinall!] 

-!7_.. 1 00 n0apart oleither si oef a ri(lge runn ing east 

and west. There is a much greaoer differen(e in20 , -- . i 
. .7.. surface soil tempenriture. In Ih(North Island one 

C finds most hill farmers have prohlms vith p)isWure, 

to ~improvemient projects onl shaidy faces. Thel( grazing 
- " ...". animal lends to congregate on the wairm sunn, f,:es 

0.-. and to neglect almost completely the shady ones.0 
As a result pastures oin the north aspits lend to 

JO Sp(,t- ),J ,Ae h, overgrazed, wvhile! the southern aispects beoime
rank, mossy, and unpalatable. This neglected coitdi-

Figure 4. Improved pasture yielding 20572 kg/ha/annum lion encourages scruh, fern, and secondary .owlh. 
compared with unimproved hill pasture yielding 12586 The one answer to lhisproblem isho fencethe aspects 
kg/ha/annum. Estimated ewe requirements are shown for 7.4and 12.4 ewes/ha. sep[)ra Iely.

At Te Awa experiments were carried out to detelr
mine the prodUction and (;arrying (capIacity of" north 

NORTH AND SOUTH ASPECTS and south aspects over a ten-year period (Fig. 5). 
Varying proportions of the total area of hill farms Mean annual production from north aspects was 

consist of north- and south-facing slopes. On south- 121117kg DM/ha against 9681fkg l)M/ha from south 
ern slopes the sun does not reach considerable faces. Winter production for the months of June, 
portions of the area for long periods during winter. July, and August was 940 kg IDM/ha or 7.3'%. of 
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Figure 5. Mean annual production in kg DM/ha/yearare shown 
for hilltop stock camps, sunny hillside, and shady hillside for 
1961-69. 

annual production onl the nor~h fac and . 440 
kg tiM/ ha or 4.5% on the shady soulI face. This 
difference in produclion meant that improved sunny 
slopes were (:apable of carrying 12.4-13.6 ewes/ha 
all the year round, whereas the soulh faces carried 
10 ewes/ha viiht comparale thrift. (ver Ihelperiod 
'1959-69 wean annual productiion was highest (n
tihe stock camps (1535(} kg DM/I). There were 
(decidedadvantages wilt fi-nming off north from soutlh 
faces as even in (h'v sumniers the shady faces seldom 
dried (lit, whereas the suiny fai;es frequenlly suf-
feired severe drought. 

STOCK MANAGEMENT 
Early in the trials in experintent c(mpared the 

effects of set slocking with those (f rotational grazing 
on the generall thrift (f sheep and pasture (Suckling, 
1959). This six-year trial showed that theIheaviesl 
ewes were produced fron tile hieavily set-stocked 
pa(dhocks ('13.6/ha) whiclh had len oversoiwn and
topdllressed. Those under rutali)nal grazing were 
lighter. It general, rotational grazing onia regular
shift basis througlhout the year resulted ila d(lri-
nmiental effect at amliing ti ie on laimht weight,
lambing percentage, wool weight, and general thrift. 
By comparison, heavy set sto(:king with no move-
nmenl of stuck p~rd(luce(d satisfactory lam, a good
wool weight, and heallty stock. A feature otf rota-
lional grazing was the ease of shifting stock from 
paddock to Iaidhck once the habit had been formed, 
parti(:ularly when sheep wemr dry.'' Thte period from
lambing to weaning, however, presentied sonle lrb-
lems as roatitalIly grazed ewes becaime so accus-
tfoued to shifts that they were in a state of constant 
ulnrest and unovedI at tIte sligl (list urbiance. This 
was of coitseqtience when tIe liainbs were new-born 
and unable to travel; whein ewes were left to drift 
through to the next paddock, sleeping or new-born 

and weak twins were unable to follow. Mis-mother
ing was a constant worry with rotationally-grazed 
sheep, and resulted in lower lambing percentages
than when ewes were set stocked. 

[Under rotational grazing there was also an increase 
footrot above that experienced in the set-stocked 

paddocks. This nmy have been dtie to increasean
in scald (interdigital dermatitis) because of the longer 

One of the main reasons for the failure of rotation
aliy grazed pastures on hill country to support stock 
satisfactorily was the suppression of grass tillers due 
to the management system. Pastures grow quickly
during spring and autumn with the result that 
shading at the base of grass plants red uces tillering 
under rotational grazing. In sumrmer and winter, 
during periods of little growth, pastures open op 
and fail to respond between grazings. By contrast 
set-stocked areas are more uniformly grazed, usually 
at a fairly low level, which promotes maximum 
tillering and a large number of leaves per unit area. 
Under set stocking oin improved pastures there was 
an average of :35 480 tillers/ i :,whereas under rota
tional grazing there were 20410. Other figures taken 
from lowland dairy farms as a comparison showed 
an average of 7 780 tillers/sq inl(Mithhell and Glen
day, 1958). 

Another observation with rotational grazing was 
fouling (f pastur, during wet weather, caused by
restless sheep moving when (lisiurhed and when 
being shifted. A large pr(portitn of pasture was 
trampled dowin and rendered unfit for consumption. 

Set stocking, while appearing to be the most
satisfactory management system for hill country 
stock, has weaknesses from a stock and pasture
viewpoint. Ewes Ibecone tolo fat at certain tines of 
the year for hest husbandry practice, whicih increases 
incidence of hearirtg trouble (vaginal eversion) 
(Suckling, 1959). 

When pasture growllh is not fitted to animal re
quirements. ewes are also subject to pregnancy 
toxemia and milk fever. Obviously, the aninals 
under this system were sulbjecte(l to feed shortages 
antd surpluses. Thus, there were no feed reserves 
for summer drought or for winter shortages. It was 
apparent that a compromise syster inust be sought 
to combine the best of both systems. This resulted 
in the conclusion that the farm should be subdivided 
into a satisfactory number of paddocks to enable 
flexibility in stock management (preferatly 16-20 
paddocks).

After weaning of Iams, ewes shouldt Ite toned 
dowin to enable flushing before tupping. Flushing 
should then commence alout three weeks before 
the rams are put out aid cotinue(d for altout a month 
after (Wallace, 1953). Pastures for this pturpose must 
be conserved by shutting improved pastures during
the stummer, Ipreferably as laltein sulininer as possible. 
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Reverted country of ti-s nature can easily be brought back ito high production by subdivision, topdressing, seed sowing, and 
efficient stock management. 

A 7
 

Oversown and topdressed hill pasture summer-spelled for reseeding. Note short grass and strong white clover flowering when 
spelled after hard grazing up to mid-December. 
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catle except for short periods in the wetter sommers.
In these heavily stocked paddocks (]over and rye-grass (:)nterrt of lhe pasture substantially increased.

At all stocking rates in the padcdocks grazed bysheep ilone coarse weeds rapidly invaded the Ias-
lre, especially ill the lower slocking rates of 7.4
and !.m ewvs/hi. Ilowever, at 16 1 ewes/ha fern
and Imaurik, were Irrmler reasolnable control. loeto,rushls, aid sed(ge!s were uncontrolled il ill sheep-
alone stoc(king rates on both sunny and shady fices;
however when ciaitle were grazed, particularly al
heivy rales, these weed problemns were riot apparent,
All w(ds imerlioned, (v(:!i toetoe, were grazed bycattle when grass was in short supply,

At the end of fi e years one ouf the purposes oftie trial had been largely fulfilled-ai necessary rolefor cittle in hill iountry naiagenient had heenestitlishedl. 'h( trial was, therefor(, reorganized ofn
Illthlsis of swep plus cillle on all palddocks for
Ihe remailining five yvars. 

The Irials shov( Icle;rly thal a bilarice (f sheep
anul r:alle must Ihe man1iinIed even ill the higher
sheep stocking raftes ill order to control (,(or'se w(eds
anld shrubs which sheep will niot (:onsiUrne. Shie(p
alorne ill high stocking rates live been tsuiggtsted ocontrol aidquIihtly All pasture alld weed growth (in
hill cornunrry. 'I'h( 'e ia trials showed thai evenil lvels of 17.3 ('vs/ha sheep will rnt control 
all we growth.vd 
PASTURE QUALITY 

I'lh(, lighter stocked ship-alon pdoi(h sl(:kshaullillit:h uunuil slulrmelh rhilgu ai1 Aa ] ils ll , i dlliper-
C Irhi giv ohof ill IrilheriiI ill th is hirhuig e w ere ill 
i nv rs , propi rtio)nit lt I teel s'uu):k5Pi~i~vin g rati' . e'v c:llthwiri grzis l , c ,h 


wP , grlzvl
slwi( li with shvei), vspi~iall ,it tfhe higherstocking ra'itis, rlativel*y littli' d m',iiinaherir 
r uCIrr''(]. At higher shiep stoc(king thry iritter per-ceihtig(Irohlrl)e(d illd when cttle wer, grazed wilh

sheep it was gmener;llly low'r still. 


Throutghout the Irial, conliotusl,v 
 close-grized
pislllres IInd(ir good sheep illid cittleI ill rlIllentalways hail suhrstantiil ii a iluuu1it of dild Irraterial

in the herrilge samllep]s, 
 the( ov ll(r average being22.7%. 

alu i r:vir rti,.t was higher uri)i r'Ihli ier st:ocki ngra s. Averi ep ,rutin.r, I()iiIvl 
paddociliks %\,is I agalinst il alveralge of I8t3";,in Ihle shliiep-plus-r:itle lirdluicks. I In ler shi( 1i)alolne, Il1( sailliplis fr(i lli padilhdocks stiu:kil( wilh 
7.A ewes/Ii contained 12.7"';, iprohin id tllhose froll"16.1 vwes/ha piil(h (:oks coilitiniiiitl I.o1 protein. 

GENERAL CONCLUSIONS FROM 
STOCKING RATE TRIALS 

slocki rirtes increasedAs so also (lid ryegrasscoitilrit. ()vir'grirzii g wili sheep alone tended toreduceu: slightly fhit crover content aid led to aIn 

SUCKLING 
opening up of the pasture during drought with 
consequent invasion by weeds. Maintenance of itdense, highly productive sward required an adequate
but not excessive grazing, pressure. ''lle optinum
stocking rate for animal and pasture prodLuction
appeared to be around 12.4 ewes/ha plus :I to 4 
ewe equivalents in cattle on improved pastures.

It was shown by Lanciashire and illyijtt (1974) thIaas much of the herbage is possible should be! cro
simeld is it grew. ltrtirla rlv during lh spring
months, to keep paistures patlable ind nutritiow: 
ils long as possibe. Autlun-grown pastures oin the
other hand dill not become "arse aind ,razing
pressure could be eaise(d. Any ar -).'-over of s[)ring
grown roughag(e into the winter resulte(t in comllipilion between cattle and sheep for short succulent
hirbai.e. Only when Al of the fresh griss had been
consumed \)would catitle graze rough gr:iss. This 
meant that during winter cittle c:ould suhsisl on
this dead mriateril while shfep virtuilly starved.

TFhe Irials showedlthalt )etter utilizalion Of pasture
with a resultant higher (outut of animl products 
was iachieved by simply i1rcreasiug socking rile.
At the higher rates if sheep and cattle stocking,
there was i depression in acluill production per
animial but much higher production pir ha. 
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DISCUSSION 

T. Bedell (Oregon, USA). I infer that you simply 
oversowed clovers into the bn tgrass or into ile 

plants that were there. Do you very heavily graze 
those areas prior to the time that you sowed them? 
Suckling. Yes. We graze it hard and progress from 
paddock to paddock grazing right to the butt to allow 
the seed to penetrate to the soil. And wherever 
practical we followed that tip by running the sheep 
around trying to tramp it in, because this is the 
only cultivation that one gets in our oversowing. 

I must say we've got a renewed cycle of effort on 
our oversowing techniques-there atre so many 
things we don't know about it. The costs are rising 
rapidly. We have I)erek Chariton working on this 
and I'm sure he'll bring forth a Itt more that we've 
just not shown in ours. 

S. Barnhart (Iowa, USA). What kind of management 
did you use following the overseedings? 

Suckling. Well, we (lid a lot of oversowing experi-
ments, but very briefly the answer is that we found 
by virtually continuous grazing without overgrazing 
it was necessary to allow a maximum amount of 
light to penelrale to the seedlings. If we allowed 
the grass to come up, the most of our sowing was 
for the autumn rains-the best time of the year for 
sowing according to the e,%periments that we tiid-

and in autumn we tend to get a flush. This tends 
tosmother the plant and so you've got to keep grazing 
to stop it from smothering the seedts. 

R. L. Reid (West Virginia, USA). Could you expand 
a little on the question of the rightness of the 

economic climate? To what extent does this have 
to improve in New Zealand to justify increased 
improvements of hill land pastures? 
Suckling. Well, Dr. Broughain tu(ched on this and 
Iwould say that we'd have to get a lot more livestock 
in terms tf overseias returns before much more 
fertilizer would be mit on. Last year we aclly 

dropped from 2 million to abtut 1.i million tons. 

R. Brougham (New Zealand). It went to aboult 3 
million all over the cottntry. 

J. Scholl (Wisconsin, USA). Do I understml that 
this was forested, ctut off. and then consequently 
your native weed problem wasn't very great? 

Suckling. Oh. yes. We wen IIhrough that cycle. This 
is the first thing we-'!have to do. 

Scholl. Wihat is the naltore of this weed problem? 
Suckling. Scrubby plants, leptospermum is the main 
one. Ini five years frttm cuttling and burning you 
can he hack into a solid mass about .3 or 4 feet 
high. and in 10 or 12 years it's up to 12 to 15 feet 
high.
 

Unidentified. [tlas your program been eliminating
 
this?
 

Suckling. Cutting and hurning again or pulling b
 
handl when it is very small.
 

Unidentified. Not hy cattle?
 
Suckling. Yes, or (:ontrol-as I was saying the hio
logical control factor is most important. Where it
 
was stocked with sheep and cattle at heavy rates
 
they ate all of the leptospermni-they ate it out
 
of the ground.
 
J. Winch (Canada). One of the major prohlems as 
far as ttilization of this and good management is 
concerned is fencing. Fencing is very, very expen
sive. In our country it's about $1.00/foot. Do you 
have any words of wisdom as to how suc:h cost 
might le lowered? 

Suckling. On Land Departmen Ievelopment bItcks 
we use a Pearce fence, at least that's what we call 
it. It's a new fence that's hen designed by one of 
the soil conservation peotle with only ahout 3 or 

4 posts to the chain. The whole thing is it flexi
fence-it swings, it's loose, the batlons or droppers 
are plastic-just looped plastic over the wire and 
this can be electrified for cattle with just one or 
two wires. You ciani use what Ry Brougham showed 
us on his slides, the netting electric fence, this new 
plastic: one, and, at a later late, the ytoung farmer 
who gets this allocated Land Developmenl properly 
(h:ecause this is the purpose, develop it and then 

t.ell it to a young farmer) can pu inor posts in
 
and more wire on1as money permits.
 

Winch. Have you any idea how much a fenc:e such
 
as this piastic one would cost?
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J. Walls (Pennsylvania, USA). I've used some of the 
fences, about 20 000 feet this season, and it's a thin 
121/-2 guage, high tensile wire. Total .ost was 37 
cents a foot, and it's very adequate. 
M. leath (Indiana, USA). You and Mr. Brougham
alludedl to the fact that you have all this input in 
the developmwnt of hill land with your primary
livestock industry and then the price cycle works 
against the (:otinuous use of it. Is there any justi-
ficat ion for subsidies for government partnership
here to hold the progress of this type of land until 
hey work out of the bot tom (if this cycle? 

Suckling. 'here is atvery smsall subsidy on transpor 
suterliIt But there's very litll e

Ilp v Hl 
 vyigovernment

K. F. O'Connor (New Zealand). The country has 
g t to njke its money out of selling the stuff so 
wihat (foes the government use for money if we can't 
sell it? 

Suckling. That's right. 

68. 

R. Brougham (New Zealand). Except, there are other 
things happening in the country. I think the question
has been bothering some of us over the past 3 days.
There are schemes afoot to help the internal cost 
structure, such as acquisition of products from the 
farmer-wool, wheat, bought by the government
because we're exporting a lot of this. They export
and sell it better. fr :tuenlly in terms of external 
price, than the individual farmer (foes and they're
trying to take part of the nmoney in good years. This 
year is a very good year for our products. Wool 
has never been belte' except for the pre-Korean 1952
price, ani ravt has never been better, especiallylamb, so that ,he income at this stage is very high 
this year for the sheep farmer in the country. The

is taking part of the to) off that, puttingit in a pool, investing it and then in years when 
the prices tire not so good the money will go into 
the trough and the farmer will be able to plan better 
in the development state. 

Stabilizatiorl, of Hill Areas Under Adverse Grazing and
Climatic Conditions at Wagga Wagga, New South Wales,
Australia 
C. M. Adamson 
Wagga Wagga Soil Conservation Research Center, New South Wales, Australia 

During the last 100 years, large areas of forested 
hill land in southeastern New South Wales have
been cleared for primary production. Land use is 
diverse, including arable farming, grazing, and for-
estry and is determined by topography, soils, and 
climate, particularly rainfall, which varies from 500 
mm per year in the west to over 1 000 mm, with 
increasing altitude, in the east. Grazing is the 
principal land use. 

Within this area are major water storages for 
irrigation and urhan use. The main catchments 
affected are those of the Murrumbidgee, Murray,
Shoalhaven, and Lachlan rivers. Catchment prolec-
tion is vital to ensure water oquality and (luantity.
To date more than 1 100 kin of grazing country
in these catchments have been protected with soil 
conservation works (Anon., 1975). 

Extensive sheet and gully erosion following clear-
ing resulled from increased runoff caused by ground 

cover reduction due to overgrazing by sheep and 
rabbits. 

Following clearing, pastures were dominated by
low-producing perennial grasses.native Increased 
economic returns were only possible following the 
regular use of superphosphate and the introduction 
of improved annual species consisting of subterra
nean clover (Trifoium subterranewn L.) and Wim
inera ryegrass (Lolium rigidum).

Increased land use intensity will increase the 
erosion hazard, jeopardizing productivity, the 
storage life of water reservoirs, and increasing flood 
risk. Current trends are for increased land use inten
sity. 

The experiments described werehere designed 
to assess the effects on runoff and soil loss of 
increased stocking rate and the replacement of native 
pasture with improved annual pasture. 
The experiments were conducted at the Wagga 
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° 
Wagga Soil Conservation Research Center (35 S, 

1470 E, elevation 230 m) located 400 km southwest 

of Sydney on the lower western slopes of the Austra-

lian Alps. The climate features hot d,,",summers 

and cool wet winters (mean temperature range from 

24 C to 8 C). Mean ainual rainfall is 580 n m per 

year, which is evenly distributed, with high intensity 

convectional storms expected during SLinmer. 
Experiments were (:onducted in plots-the Hill 

Grazing Experinmunt-and in small catchimflnts-the 
ComparativeThe 

EXPERIMENTAL 

The Hill Grazing Experiment 
the effectsThis experiment began in 1948 to assess 

(fhtavv and normal stocking rates. 

Ru noff and soil loss was measured from six 0.01-ha 
plots (41.47 rn \ 2.44 in) on a 15" slope with an 
'asterly aspect. "l'h,plots were randomly lo:ated 
io three blocks to which heavy and noriml grazing 

The soil is a Lithosul.treatmients were ipplied. 
1rn4.il (Northcote,. 1974). foried in situ on Ordovi-
clcan slate and phyllite. The following species are 

dorminant in the native psture: Bothriochloa spp., 
Stipa spp.. and Icanthonia spp. The introduced 
annuals Hordenin spp.. Trifoliun sutterranivurn.andI 
Lolium rigidinn may tccur during winter illthe 
heavily grazed plots. Annual dressi ngs of super-
phosphate were applied. ('r,izing rite varied 

depending oilseasonal conditions. 
to main-The normally grazed plots were managed 

cover and bulk. This equated to 5 (l.s.e.tain ground 
ha (dry sheep equivlents) whi(h (.orresoin(ls with 

the average stocking rate of a similarly grazed atdja-
cent paddock. Av(rage oil thethegroiund riv.or onplots was 8T1;,. Averagev yearlyyearly ground (over 

was r ean g ,.er onntah 
heavily grazed plots was 65, '. and average 
stocking rate tswr hai r t 

heavily grazedplots 


d.sme. 

Both treatments were mob stocked for short pe-


ods. 


The Comparative Catchment Experiment 
This experiment began in 1951 oil similar, 

adjacent seven-ha catchments. Average catchment 
slope is approximately 12%; aspect is easterly. The 

soil is a yellow solodic-Dy2.42. Deepest soils occur 
on the lower slopes while Ordovician slate and 
phyllite outcrops occur on the ridges, 

Initially, both catchments were severely eroded. 
One catchment was treated with ontour furrows 
and pasture improved, the other remained untreated 
as a control. 

Contour furrows were built at one-m vertical inter-
vals to give a depression storage of 40 mm. The 

improved pasture consists mainly of Wimmera rye-
grass and subterranean clover, and annual dressings 
of superphosphate are applied. During summer 
Bothriochloa spp. become evident. 

Both catchments were mob stocked. The treated 
catchment was grazed to maintain ground cover 

while the untreated was intensively grazed. 
During the experiment the untreated catchment 

and sheet eroded whileremained severely gullied 
the treated catchment showe(d no visible deterio
ration. 

RESULTS
 

Hill Grazing Experiment
 

Ai analysis of variance of annual data showed 
differences at the 51%levol between treatments. There 

were no significant differences within treatment 
annual results from he: tworeplications. Average 

1.tremmtnts re presented in Table 

TABLE 1. Average annual results, hill grazing 
experiment, Wagga Wagga Research Center, 

1950-75, 0.01-ha plots 

Nornmi th1.1%.y R-th 

item gb/i INt :n,izling (11;.) (II.(;./N.;.) 

!,king rHi 
d.S I'ihi 5 It 1.6 

Runoff (ra! 
Soil loss kg/ht 

4 
21 

13 
215 

3.3 
9l1 

Soil cjtimd per 
11110tvuhilni of 

,ulput (kgi 1 0.4 1.5 1.7 

No , fruinoff 

tV- its 121 yiears 1 9A 2.2 

(,s.,. dry shipl rquivahviits. 

Increasing stocking rate from 5 to 8 d.s.e. ha 
increased runoff b 3.5 units and soil loss by 11( 
units. 

The restilts from both treatments were strongly 
influenced by seisonil conditions (Table 2). 

Greatest runoff occurred from late spring storms 
in October. but highest soil loss occurredI from 

sumner storms. Soil carriel per unit volume of 

runoff was greatest for these storms, being 15.5 times 

greater than Ihe lowest winter level. 
High soil loss during suimmer resulted from high 

intensity rain when vegetl cover wits low. IlFeb

ru,.ry, up to 25% of rain falls at intensities greater 
than 50mm per hour. 
The Comparative Catchment Experiment 

The hydrological effects of catchment treatment 
have previously been examined (Adamson, 1976) 
and are summarized in Table 3. 

Stocking rate increased by a,factor of 1.8 and runoff 
and soil loss decreased by 69 and 99%,. respectively. 

Differences between all means are significant at 
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TABLE 2. Average monthly results, hill grazing experiment, Wagga Wagga Research Center, 
1950-75, 0.01-ha plots 

Jin 10 Mar Apr May Jil lill Aug Sep Oct Nov Dec Total 

R oniff (inn) 
Nirin l (i 0.I 0.2 0.4 0.2 0. 0 0,0 0.2 0.0 1.6 0.2 0.2 4.4 
Ihiivy 1.2 2.(0 1.6 1.4 ().0t 0.8 0.6 0.4 0.4 2.2' 08 1.2 1:1.4 

Soil Loss (kg/ha) 
Nornma l 7" 2 1 1 0 0 1 0 4 0 1 21 

21avy21 32 12 29 19 10 2 2 5 10 4 39" 205 
Soil carried per tit volume of output (kg/m:') 

A verage 
Normal 0.66 0.16" 0.92 0.111 0.It0 0.25 0.17 , 0.44 0.06 0.21 0.20 0.51 1.5 
Ihavy 1.7 1.4 2.1 2.0 2.6 1.2 0.2 0,5 1.2 0.4 0.5 3.1' 0.45 

"lilicialis highest vmilovs. 

the 0.2% level ("Z" test). Monthly averages are 
TABLE 3. Average annual results, comparative presented in Table 4. 

catchment experiment, Wagga Wagga Research Greatest runoff and soil loss occurred simulta-
Center, 1952-75, 7-ha catchments neously in October when rainfall was highest. Runoff 

from February storms was most erosive in terms 
of weight of soil carried per unit volume of runoff. 

Seasonal differences in pasture production be
14,11 nitween catchments ciused by differences inbotanical 

compo0sition ailso influenced hydrologic response. 
Slou:king ritv (3s.'/h,) 1.5 6 5 1.8 The improved ainnual pastures in the treated catch-
Runoff (Inin) 39 12 0.3 ment grow most vigorously during winter but pro-
Soil loss (kg/h;i) 2011 30 1 Ill vide negligihle ground cover and bulk during sum-
Soil cirrivil 1wr unil vol. of mer. The effect was to increase runoff during sum

,lmlmput(kg.I/l ') 5.42 0.26 i0.05 mer. During winter and spring detention storage in 
Ni. of runoff events the improved pastuore was greater than for the peren

(24 s'ivrs) 655 53 0.2 nial native grasses in the untreated catchment 
DrY i2107r 50r5ductio 
 (Adamson, 1976).Seasonal listure differences were reflected in 

s,,. ,Iryshtp tvquivdils. stocking rates (Table 5). 
Rimir(i Iro 1973-75. Stocking rates in the treated catchment are gener

dlly twice Ihose in the untreated for the xvinier-spring 

TABLE 4. Average monthly results, comparative catchment experiment,
 
Wagga Wagga Research Center, 1952-75, 7-ha catchment
 

xi'lo
'i'l {llilln 
till I %'ti)r \ir Mi 1imo1 Jill Aug Sip ()(:A Nov Dec Total 

tntrnhlld 2.4 1.2 1.6 2.6 1.4 3.6 4.11 3.0 4.4 .11" 2.4 1.4 38.6 
T'r,;atttd 1.2 I ) 2.2 2.11 0 12.0(I 0.4 1.4 0.2 ".6' 0.2 

SoilLoss (kg/ha) 
1hntristeil 243 212 175 115 90 1019 206 65 164 340" 214 87 2080 
Triilhd 5 1 0 1 0 3 3 0 5 10" 0 0 30 

Soil Carriedper tJnit Volunme of Output (kg/ni:') 

A verage 
I itrea led 111.4 111.1 101,11 4.16 6.3 4.11 4.2 2.2 3.8 3.5 11.8 6.0 5.4
 
Trealed (.42 1.71' (19 0.61 0.21 0.19 0.1(1 0.31 0.17 0.26 0.14 0.18 0.26
 

"IndidcatIes highest values. 
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TABLE 5. Average monthly stocking rates,* comparative catchments experiment, Wagga Wagga 

Research Center, 1949-75, 7-ha catchments 

Jan 1Fel Mar Apr May 

2.7 2.2 2.9Untreated pasturi! 3.5 2.7 

Improved pasture 4.3 :1.4 4.7 3.7 6.1 

Inprovd / untreated 1.2 1.3 1.7 1.7 2.1 

Dry sheep equivalents per hI (d.s.e.). 

growth flush. They approach unity for the summer 
and increase with pasture germination in autumn. 

In grazing situations such as this the specific effect 
of soil conservation structural works must also be 
determined. These include (Adamson, 1976) reduc-
tion in the number of runnoff evenlts, the number 
of days of flow, and peak discharge; and increased 
time of rise to the peak, runoff before and after the 
peak, and duration of flow recession. 

These effects were produced by increased depres-
sion storage in thf" contour furrows and increased 
detention storage in the improvtd pasture when 
actively growing. 

Plot and Catchment Relationships 

Relationships between monthly surface runoff and 
soil loss from intensively grazed areas-the heavily 
grazed plots and untreated catchmen'-were calcu-
lated on a seasonal basis. The relationships were: 

Significance Level 
Summer 
y= 0.430x + 0.09: r = 0.86 (0.5 !);Runoff 
y = 4.06,x + 398.3: r = 0.89 (0.5%): Soil Loss 

y= 0.90x - 0.96: r = 0.94 (0.5%);Runoff 
y = 2.58x + 61.5; r = 0.65 (1%): Soil Loss 
Where y = Soil loss, kg ha - I 

untreated catchment} 
x = Soil Loss, kg ha 

=heavily grazed plots 
Runoff, mm 

DISCUSSION 

Plot results showed that increasing stocking rate 

from 5 to 8 d.s.e. per ha increased runoff and hence 

flood risk three times and soil loss ten times. 


The catchment results showed that under intensive
 
grazing, unimproved unfertilized land carried only 

3.5 d.s.e. per ha. Yet, soil loss was ten times greater 

than that from heavily grazed plots. 


With pasture improvement, regular topdressing, 

and soil conservation works, stocking rate was nearly 

doubled and approached that of the heavily grazed 
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ln Jil Aulg Stp Oct Nov Dw: 

3.5 5.A 4.63.1 2.2 2.9 6.3 

5.0 H.1 11.6 7.3 7.55.4 4.9 
I. 1.4 1.61.7 2.2 1.7 2.3 

plot treatment. Soil loss was reduced to the level 
of the normally grazed plots.. 

These results illustrate the difficulties in extrapo
lating plot data to larger areas. 

In these experiments the differences resulted from 
changes to overland flow as determined by slope 
length, while the contribution of subsurface flow 

is not measured in plots. 
Where the length of overland flow was restricted, 

as in the plots and treated catchment by the contour 
furrows, greatest soil loss reduction occurred. With
out restrictions, as in the untreated catchment, soil 
loss was accelerated due to erosion of drainage lines 

caused by runoff becoming channelized. 
Significant relationships, however, were derived 

between the plot and catchment data, providing 
runoff or soil loss resulted from overland flow. 

Replacement of native grass vegetation by im
proved pasture increased detention storage when 

the pasture was actively growing. However, follow
ing senescence runoff coult be increased. In a similar 
environment Dunnin (1965) showed that peak dis

charges could also be increased following senescence 
of improved annual pasture without soil conserva

tion structures. 
The replacement of native by improved pasture 

increased productivity and stocking rate but, due 

to seasonal plant growth changes which affected 
the hydrological characteristics of the pasture, the 
erosion hazard may be increased. 

Pasture management to maintain ground cover and 
senescence is impracticalstorage following pasture 

because the standing dry pasture is used as reserve 
summer feed. Consequently, soil conservation struc
tural earthworks, which increase detention and de

pression storage, are an essential adjunct to improved 
land management practices. Soil conservation works 
also allow greater year round grazing management 
flexibility since erosion protection is also provided 
by the structures rather than the vegetation alone. 
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Dunnin, F. X. 1965. The effect of vegtoative changes Oil parameters however, have loss rates from these catchments and 
for estimating runoff near Bacchus Marsh, Victoria. The tistittu- loss from the treated catchment with the contour 
lion of Engineers, / ustralia. Civil Engineering Transactions. furrows is very great. The effect, I think here, is 
C.E. 7(1): 16-22. 

Northi:ote, K. t. 1971.A factual key for the recognition of mainly caused by the contour furrows. As to the 
Austrdian soils. Adelaide, Australia: Relliur(echoi(:al Putlica- second question, we d-) have plot data and under 
l!ns. improved pasture with no soil conservation, which 

we of course couldn't put into the plots, we did 
get an increase in runoff during the summer months. 
1. Phelan (Virginia, USA). The terraces that you 

DISCUSSION 	 showed, are they level and plummeting, or are they
gradient drainage type? 

K. O'Connor (New Zealand). Could you give us some Adamson. We have two types of terraces. We call 
idea of the difference in infiltration rates between them banks. In the catchments on which the work 
the improved pasture without furrows and the un- was done, these were level or on the contour. In 
treated pasture? Also, what's theeffect on your runoff this case the contour furrows are laid out in that 
and stock-yiult if you just have the improved pasture catchment at I m vertical intervals, and the actual 
without going to the furrows? amount of depression storage within them ap-
Adamson. I'll answer the first question first. We proaches 40 mm. The other type of bank that we 
don't have results on the infiltration rates on the used has a gradient within the channel and this 
native an(d improved pasture. We can only surmise one we call a gradient bank. These are the ones 
that infiltraition rates have been increased. We do, that we mainly use for increa3ing retention storage. 
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Upland Soils of County Leitrim, Ireland
 
M. Walsh 
The Agricultural Institute, Tuam, Co. Galway, Ireland 

County Leitrim (Fig. 1) is siluated in northcentral Glenade and Glencar, and others which are broad 
Ireland between 53'411' and 54'29 ' N and 7035' and with more gently sloping sides, e.g., Glenfarne and 

' 824 W. A detaile(l reconnaissance soil survey of Drumkeeran. 
the c(ounty has been completed by Walsh (1973). Benbo Mountain, near Manorhamilton, contrasts 
The uplands are considered as those areas which with the surrounding mountains because of its 
rise above the drutmlin packed lowland. They occupy smooth dome-like shape. 
about 24 ",,of the aount y. This paper ,ives an account 
of some of the chemical and physical characteristics GEOLOGY 
and genesis of these soils an(l of their general About half of the upland area consists of Lower 
suitability for agriculture. Carboniferous deposits such as limestone, calcareous 

The lowland drumlin soils, derived from glacial shale and sanlstone. Most of the remaining upland 
drift, have a high clay content and a weaker soil consists of Upper Carboniferous deposits such as 
struct ure than the mountain soils which are derived shale with coal measures, sandstone and conglom
from colluvitinu and limestone bedrock. crate (Fig. 2). 

Benbo Mountain contains rocks of the Moinian
TOPOGRAPHY (pre-Cambrian) series-granites, gneisses, quartz-

The uplands occur in the northern half of the ites, and mica-schists-which are highly metamor
c(unty and range in elevation from about 60 m at phosed and folded. 
the base to 610 in at the summit. Most of the uplands CLIMATE 
or mountains are table-like, although the summit 
topography varies from undulating to rolling and The mean annual precipitation, fairly evenly dis
is rarely level. They are incised by deep valleys, tributed throughout the year, is in excess of 1250 
some of which are narrow and steep-sided, e.g., mm, with the more elevated areas receiving more 

385
 



7 

UPLAND SOILS OF COUNTY LEITRIM, IRELAND 
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Figure 1. Relative relief features of County Leitrim. 

than 1500 mm. Mulqueen (1971) estimated that 
annual rainfall exceeds annual potential evapotrans-
piration by approximately 800 mm. 

Mean daily air temperature is about 9' C. It ranges 
from 5' C in winter to 140 C in summer, 

FIELD SURVEY AND ANALYTICAL METHODS 

The primary category used in mapping was the 

soil series. A soil series comprises soils developed 
from a similar parent material with similar type and 
arrangement of horizons. Field mapping was carried 
out at a scale of 6 inches to 1 mile (1:10 560). 

Representative soil profiles were examined and 
described according to the 1962 supplement to the 
Soil Survey Manual, USDA Handbook No. 18, 1951. 
Soil taxonomy of the 7th approximation is also given, 

The analytical methods used are summarized as 
follows: 

ParticleSize Analysis: Determined by the Interna-

386 

o
 

r Co'pS-,d0,o-( .o, Co.h..LJ 
C.oS".U Z 

.......
 

( 

' 

I
 

u . ,,-,t
 
a 3 ,0.
 

a S 

Figure 2. Solid geological formations in County Leitrim-N. B. 
Dhonau (An Foras Taluntais, 1973). 

tional Pilpette Method as described by Kilmer and 
Alexander (1949), using sodium hexametaphosphate 
as dispersing agent. 

Cation Exchange Capacity: Determined by the 
method of Mehlich (1948). Soil was leached with 
buffered BaCl, to (lispla:e exchangeable cations; Ba 
displaced by CaCI., and KCrO, was used in the 
colorimetric estimation. 

Total Exchangeable Bases: Extracted by method 
of Mehlich (1948). Ca, Na, and K estimated flame 
photometrically, Mg by tilan yellow method. 

pH: Determined on 1:2 soil/water suspension 
using a glass electrode. 

Organic Carbon: Estimated by the Walkley-Black 
dichromate oxidation method as described )y lack
son (1958), modified for colorimetric estimation. 
Values were read on a Spekker Absorptiomeler using 
Orange Filter No. (07. A recovery factor of 1.1 was 

used. 
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TotalNitrogen: Estimated bya modification of the is a peaty gley (Histic humaquept) which occursmethod of Piper (1950) by digesting soil with conc. on mountain slopes of 8 to 15', and between 150 

HSO., using selenium as a catalyst, distilling into and 300 m. The parent material consists of glacialboric acid, and titrating with ICI. drift derived mainly from carbonaceous shales, some 
Free Iron: Extracted with buffered sodium hydro- sandstones, and limestones. The rocks are mainlysulphite (Mehra and Jackson, 1960) and Fe deter- of Upper Carboniferous age. The soil profile consistsinined colorimetrically using o-phenanthroline. of 0, Bg, Cg horizonation. The soil has poor naturalTHE SOILS drainage, organic clay to silty clay texture, andmedium to low base status. It is massive, sticky,The soils are considered in two broad groups, and plastic with 70% cay in the B horizon. Themineral and organic. The mineral soils include surface horizon has 57 ,, clay and 36% organic

Crumpaun, lioughmnuirran, and Burren series and matter. 
)ruimkeeran Peat y phase. The organic soils are
 

repesentmd by the Aughty Series. 
 Organic Soils
Mineral Soils The Aughty Series is blanket or climatic peat. It 

covers the summits of all the mountains and is 1The Crumpatin Series is a lithosol (Lithic dys- to 2 m dJeep. The profile is raw in nature with notrochrep!), 5 to 15 cm deep, which occurs on scree evidence of soil amelioration. The peat is relativelyslopes at elevations of 210 to 400 m. Slopes average homogenous throughout and is composed domi40'. The scree material is broken off cliff faces which nantly of cyperaceous plant remains with someconsist of limestone with sone shaley partings of Sphagnum spp. embedded in a greasy humified
lower Carboniferous age. The soil has an A, C profile matrix.
 
wilh a diffuse boundary between the two horizons,

well to excessively drained of silt loam to silty clay SOIL SUITABILITY 
loam texture, and of low base status. Organic matter
 
content varies from 10 to 15% 
 anl cation exchange Mineral Soils
capacity (C.E.C.) from 30 to 49 meqt/100 g. 
 Soil pI The Crumpaun, Loughmuirran, and 70% of theis low, ranging from 5.0 to 5.4, despite the limestone Burren Series (Butren B) cannot be feriilized becauseniaure of the parent material. This is due mainly 
to 

of very steep slopes. There are no experimentalthe high annual rainfall ind excessive stoniness results for grazing potential available for these soils,of the soil. thus their grazing capacity is based on existingThe Louughrmnirran Series is a brown earth (Dys- production (Table 1). This is equivalent to 49 livelrochrept) of variable depth, 26 to itO cm. It occurs stock units per 100 ha (Lee and Walsh, 1973). Aon colluvial slopes at elevations of 120 to 240 m. livestock unit is taken as a E33 kg (10.5 cwt) animalThe slopes range from 22 to :150. The collvium or its equivalent.
is derived mainly from calcareous shales and lime- The remaining 30(!" of the Burr!n Series (Burrenstones of Lower Carboniferous age. The soils may A) is accessihble to mechanization. It has a grazinghave an A, C, or an A, (B), C profile. They are capacity of 235 livestock units per 100 ha withmoderately to imperfectly drained, of silty clay application of 230 kg N per ha.textire, and of low to mediun base status. Organic The Drum keeran Peaty phase is a difficult soilmatler content of the surface horizon ranges from to either farm or r,;tclaim successfully. Any farming11 to 17% and the C.E.C. averages 45 me(l/100 g. enterprise is hampered by the very weakly structuredSoil structure is weak. or structureless topsoil. Reclamation, es[:eciallyThe Buirren Series is a shallow rendzina-like soil drainage, is hampered by a plastic, impervious sub(Lithic e'trochrept) 20 to 35 c:i dee). It occtus on soil and by frequent occurrence of sandstonehill and mountain topography which rises from 70 boulders. Most of the area, however, is acccssileto 400 m. Slop, ranging from 10 to 15' are common, to mechanization.

The parent iialter ia consists of bedrock of Lower Animal produoction and pasture dry matter outputCarboniferous age : cl,ds limestones and (data from.Whic i An Foras Taluntais Research Stationc:alcareous shales or o! shallow glacial drift which Ballinamnore, which occurs on a fairly similar soil,
at 

is derived from these iks. Ili: soil has ain A, C/R provide the basis for the grazing capacity estimates 
profile. 'he soil is well to excessively drained, of for this soil.high base stat us, aint] of clay loam texture. The The grazing capacity of the remaining soils isorganii ic matrcontenlt of thesurface horizon isaboot estimated by comparison with stocking rate trials15% and C.E.C. 44 meq/ 1(1 g. Soil structure is on An Foras Taluntais farms which occur on someweak to moderate ani rock outcrop is frequent. what similar soils. 'lhus in these estimates, optimum71e DruinkeeranSeries, Peaty phase, is a mineral management techniques are assumed and interfarmsoil but with an organic surface horizon. The soil variability ignored. 
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UPLAND SOILS OF COUNTY LEITRIM, IRELAND 

TABLE 1.' Grazing capacity of upland soils in County Leitrim, Ireland 

2:0 kg N/ha418 kg N/ha 

Soils 


Crumpaun 

Loughmuirran 

Blurren B 

Ilurrvn A 
Drumkeern P'vy phase 

.Ltce and Walsh (1973). 

Organic Soils 

;razing 
t'rpacity 

Area (livestock 

(ha) units/ O0 ha) 

49 


222 

715 

49 
49 

767 188 
2923 

1000 

124 

The Aughty Series, which caps all the mountains 

and their upper slopes, are generally unsuitable 
to the

either for agriculture or forestry. This is due 

Co. Leitrim0 

/ 0 0 
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Figure 3. Sheep population distribution in County Leitrim. Each 

dot represents 500 sheep. 
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(0(100 L.U) units/1(1(1 hi) (000 L.U.)
 

-
353 

110 
495 -
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poor nature of the soils and to exposure at these 

elevations. 

SHEEP DISTRIBUTIONMOUNTAIN 
The sheep distribution map (Fig. 3) shows that 

areabout two-thirds of the total numbers of sheep 
part of the coity,concentrated in the northern 

coinciding with the dry mountain soils--Crumpau., 
Loughmuirran, and Burren-which are derived from 

Lower Carboniferous deposits. South of this arva, 

sheep numbers decrevase as the welter andl more
 
plastic soils such as lrui keeran Series, Peaty phase
 

predominate.
 

The author acknowledges the cooperation of those 
who participated in the soil survey of Conly Leilrim 

(An Foras Tlhntais, 1973), the help of Dr. 1. Lee 

with the grazing capacity estimates of the various 

soils, and Mr. M. ()'Toolh who suppliedI the dala 
on the dlistribition of the sheep population in County 
Leitrim. 
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WALSH 

Walsh, M. 197:1. Soils, County Leitrim resource survey: PArt O'Toole. I'll take land tenure first. "'armsize is small 
-Land use pt'ntial (soils, grazing capacity and forestry),. and there is the history of land-locked tenant farming

Duhlin: An Foras alutais. in the area. Following up on that, there are small 

DISCUSSION 

E 1. Ravalo (Puerto Rico). You mentioned that 
aessialoility umofacessibility to machinery is a basic consideration 
in your land use llanni ng. What operation and type 
of machinery are you using in mechanizing operation 
for ihese steep slopes? Is it (esigned locally or 

M. O'Toole. There are a few simle rules that you 
can apply to land. Normally, you use most agricul-
rural machinery from 20 to "18 degrees. But from 
20 degrees you nee(d specialized grou(nd machinery 
and when you go over 23 degrees, maybe apart from 
the New Zealand (motor bikes, I think you ought 
to take to the air. The type of machine we find 
more suitable for this is what we (:all the land rise 
spreader-a spreader attached to a high-powered 
tractor where you have four-wheel drive an(l the 
drive of the tractor is transmitted to the spreader. 
It will apply ground limestone up to about 23 
degrees. On our hills, apart from the tal l,-ike plates 
I showed you first, we hav'e an acid situation. You 
will not get good white clover growth without 
applying about three tons of grounl limestone. Now 
it's not practicable, as far as I know, to apply three 
tons (f groiun(l limestone from the atir, so we have 
to concentrate, then, on the lower foothills, 
J.Pearce (Reading, England). Does the ,EC directive 
help in your conditions? Also, is the land tenure 
system in Ihb area a prol)em? 

holdings, maybe 20 to 30 ha, around the homestead. 
Then you have common grazing. This is a real 
problem because with common grazing you cannot 
get the type of development you want. Now, we 
have a body in Ireland responsibl!, for the (division 

the land, the Irish Land Commission. Only recently 
it got compulsory power to divide against the willof the people. As the system was, division w;is done 
only with full agreement. It's very hard to get full 
agreement when you've a big number involved in 
a common grazing, particularly opposing some older 
people who have no great interest in intensive 
agriculture at this stage. There has been a change 
in this -- this should bring aJjiout an improvement. 

Now the question as to what extent do we find 
E.E.C. directive 1.9, 1 think it is. suited to our 
conditions-I'm afraid not too well because of the 
smaller farm size. E.E.C. 1.9 is aimed at getting farm 
viability, in other words, the farm unit which would 
support a family. Now many of our farms ar; too 
small. You need to think in terms of at least 500 
acres of the best hill land for this type of income 
and quite a lot of our farms are not that size. Now 
the population structure of the area suggests that 
there's going to be a lot of amalgamation of holdings 
beca use of ownership by older people there-no one 
to farm the land. This will happen in time. That 
of course Presents another problem. You get the 
people out to make bigger farms and then you'le 
presented with the problem of supporting school 
stru,:tures, the various services in the area that 
become much more difficult than in a smaller popu
lation. 
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The Development of Lowland Hill Tussock Grasslands in
 
South East New Zealand 
A. W. Pantal!
 
South Otago Farm Consultancy, Balclutha, New Zealand
 

The area lies within the region of 46' 20' S aind 
169 0 30' E in the southeast part of the South Island 
of New Zealand. The land mass is miaiinly greywacke 
sedimentary deposits, extensively covere(i with 
greywacke loess. 

The main soils are liwl~inld vellow-brown earths 
(N.Z. Soil Bureau, 1968), hv,rois-which (o not 
readily dry (.t. In its native stit, the the soil pit 
is ijblout 5.1 and ,he feriility levl is very hw. soii 
b~eing espec:ially leficiet~ in t. 8 N, and oh).Altitde 
range is 120 in to fi70 i. Annual raiinfall varies 
from 750 mll to 1350 m1. averaging 1 125 Inn 
and is fairly evenly spread throug.lhout the yeir. 'T'he 
nean daily terlmperature ill 300 m .\.S.I.. >&. Mett-
orological Servii:e. t7ti. personal comunnicnalion) 
for sulmner (January)is 12.5: C ind or winter tiuly) 
2.W{ C. 

Aveiag! winter period is a(boit 10()(Idavs, but 
livestock iill ,,rajzi'd in situ throughout the tiNi And 
are not housd. 

.i iltsli\estallethe lind coverw,ismainly tissoi:k 
grisslands with ;ne nitive fern, scrub aind hush. 
Dormiinat -rass species ire (dense red tussock 
(Chionochloa rnbra). aind fescue tussmc;k (Wu.<t, 
novae zeiandiae), intrsperse'd wilh iminy other low-
producing species. principally i[)iownto(p (Agrostis 
t:nis), swvt vernal (AnthOtI11 odortafl), 
Yorkshire fog (I-olcus Ianabus). ind Vllo pratenisis. 

The irea covers ibouft MO0 ha iind firi holdings 
vary from ibout 1610 h, to 3 500 hi, ivet,rajging, ialbout 
800 ha. In the native state these graisslmnils have 
it DM prodution of about 150t kg'ihi (lv. 11733 
andi a known carryirg capiilty (if .o EIEt.* Sincle 
the early settlement of' the area abotw 185(0 to the 
early 1950's the land wajs developed and fairnieii 
for breeding store sheep and slor beef cattle, with 
very few proiperties bieing able Io fahtten their live-
stock. 

Initial development wts (oniuItt.tei mainly on 
the easy along ami, a( roads,land the va'l-v ac;cess 
leaving the hills in the:ir ext uusive: lative stilte. This 
lack of development was dueI partly ti the inse(:urily 
of leasehold land tenure.-, iuch if the land being 
government land held by tenants in non-ren;walle 

"El.;: I i!%ve i identl - 1 ttornnty t irim gnmv; i sitndar l 
stock unit for sheep and lcaettm in N.Z.tmef production 
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leases of various types, and partly due to the lack 
of technology. 

DEVELOPMENT 

Over the past two decades most of the farm 
properties in the area have intensively d(eheloped 
their tussock hill land and have carried its potenlial 
beyond store stock production. They ire no0w tide 
to ftte all their livestock. 

From reseorch technology carried tlit b govf.erln
nwnt age(ncies and other reserch institutions, fairm 
Inaligeellnt cinsidilnts have ieeni ah, to assess 

i pottntiAl livesto:k (calpa;ily tor this hill lindti of 
ill least 15 tt!ha nplowiihhleind iid(1 7.5 iE/ha 
on untpliwahilt lad. 

%Were ippliciih the liind lentre proiilniwas 
overconie by inikiig thle l!ses long teri (iusllv% 
33 ye rs). pt'ijotluatly relnewaihh, with re lStiahi 
rentils, ind giving security itil incenlive to devitp 
the land with Al improvemints ling ownedihv 
the leaIsee. 

"lehniology hkts shown Ihilt the Stil is mlost 'e!
spoinsive to lim, Ii. S, ani Nlio ani, in sluiuu!. ucircul:i
statncules K, iand iextensive rese arch triis (Duiring, 
197:1) have helped to assess their economuic ;iiii:i
tions. 

Ihe niiin Iroleim onaill ouir hill country in Now 
Zetland is in raising its fertility, which in Iili. 
uindvelhiped stille is tiit low tu ciirry a litrlinail 
high-primucin pisture. This problem is liasi:ially 
ive!rcoli! by apilyi ng feitrtilizer and intirit ngini 

clovers to fix attnmlspheri; nilrogen. The tidevel
oped tutssouck hifl grasslands are prirtlitiilly utvoidI 
of effic;ienht leg!ines, eslieriitlly ihe hiighest priiic
iog clovers like 7'. repens and 7'. pralons,. 

Oiver the pist tweilt y yeaurs thre! very imlipirtitill 
factors hive ni(h tlie ei;oniiii (hevttiiiinvlitl of this 
hill couii try possible. First, lhe t!ecutin ; ivailiiilily 
of sulirlihoslkhte: second, tlin discovery of the 
extrairdiniry reslponis! to mulylienuni (Cllllen, 
1955) wht!n ilil)li!ui wilth SUplerihosplltl in vsalh
lishing andi increiising tint proui:ition of high pro
dt:cing clovers; and third, I1,te highly sophisli:t!.,d 
develt mnvd (tof light atircraft for applying ferliliztr, 
Seed, we(( i;iuhs, tlnd p)wsiticiides. 
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PASTURE DEVELOPMENT TECHNIQUES of possible oestrogenic upsets in the fertility cycle 

The chief larget of dhvelopment has been to estab- of breeding ewes at mating time.
lish higher producing pasture 
 species for animal Following successful establishment, and withgrazing proluction and is being achieved in two sound maintenance and grazing management, thesemain ways: by cultivation arid regrassing the plow- developed pastures will carry 12-15 EE/ha and willabhl land and by oversowing and topcressing the be of a quality suitable to fatten lambs and cattle.unplowable grazable land. Both are integrated in We find it important to topdress these pasturesan overall plan of general farm development taking annually with 375 kg/ha of superphosph te andinto account economic viability, availability of fi- to include 210 gn/ha of Mo every fourth year,na:nce, labor, equipment, materials, contractors, combined with, if necessary, 3.5 to 5.5 kg /ha ofadditional livestock, and managerial considerations. Cu if an induced Mo-Cu imbailance is likely to occur 
(During, 1973).

Cultivation and Regrassing Hill Country Oversowing Techniques 
The justification forplowingand cultivating where Tussock hill country pasture improvement bypracticable is mainly to have sufficient first-class oversowing and topdressing is more complicated

pasture for making hay mind silage for supplementary and requires certain golden ruhles for success, includwinter forage and for spe;ial ma nageinent purposes, ing time of application and cover management before 
in particul.r fattening lambs iand cattle, and after sowing.

Briefly, itis best to plow tw tuissock and scruli Ideally, the area to be treated is first well fencedin Ibe( early iatiuin (March) wilh a single- or doll- off and, if possible, is heavily grazed with sheephe-furrowuld swanip plow and the furrows left to or cattle to open tup the cover. If this is not possible,mellow until the spring. lli' type of equipment used occasionally controlled burning in the precedingihlpends oin tll conIour, topography, and vegetative spring orsummer is a successful means of pre-sowing:ovrr. In II(e spring tih land is disced and leveled preparation, bul this must be done before any newand prepared for sowing in a braissi(:a root crop. fences are erected. Experience and research haveUIsually 2.5 M'l'/ha: of lin is ipplied bemfore sowing, shown that the best time to apply the initial fertilizerwhich will raise Ithe p1 ;1bout 0.4. Sol turnip and seed is late winter to early spring (mid-July(Ih'assu:ai ripia) is twbeest bhrassica crolp in this virgiii to mid-September) while the moisture content ofsoil aml ihoes b tter ian swde.hs (11. tiapils) eciltise the soil is still good and before any drying out takestilt. soil is very low in P. N. all organic miatter. place.
;euierlly 5(00 kg/ ha of reverted skil)erphosiuhate is We have found that the fertilizer and seed is bestapplied ind sometimes also so m form of nitrogen, sown separately by a light aircraft, single-enginedSoft torni) w,'ill yivld about 50 Ml! ha of green IMT capacity, and when the seed is sown a Transland 

mate-rial and will hv griz!d off in situ by sheep Swathmaster apparatus is filted to the aircraft tomd cattle 0wriithewiviiter nmoilihs (Ille-Atugust). insure the best possibhl,_ spreading effect, about 20-25
Iw ping to build ferlility through dung aid ulrine m wide on the ground.
r'lurn. The initial fertilizer is usually applied at the rateIn Ihe following la e spring (Novembe r) the area of 250-50( kg/ha of superphosphate containing 210is sown into pasture. No furlther plowing is done gill/Iha of sodium lybIatehI; withoult the latter,
as this woulI bring unrottrml trissock to the surface resulls would be poor.
inI only discing anid final leveling is necessary, In many cas.'s only 3.5 kg/ha of Huia white cloverA further 2.5 MT/ha of Iime is applied toget her (T. repens) is so)wni. This is sufficient to give a densewith 500 kg/ha of superphosplhate and 210 ,n/ha estahlishment of clover, which will produce excelof sodiumimolybldate. 'lihe last provides the extra lent high protein fodder for sheep and cattle andmagic for the successful establishient of clovers fix nitrogen which will ultimately sustain highereven though a total of 5 MT/ha of lime! will ha\e produciing grasses. In other cases 2.5 kg/ha ofb[hemI applied. Apan ui co(cksfoot (Dactylis glonierata)and 9 kg / ha)uring initialI develuipment liie, plus superphos- of Ruanui ryegrass (L. peretne) and sometimes 2.5 
phahe pnus Mo, will give best resrills. kg/ha of Turoa red clover ('F pratense)areincluded.A grass seed inixlrue containing 1i6 kg of ryegrass olwever, grasses iii the initial stages do seem to(Ruanui luolitinu prenne), Ariki anl Manawa (L. take several years to become established as a viablepertiex L. imtltiflortiri), :1 5 kg Apa n ai cocksfoot part of Ihe pasture content. Also, farmers in this(Iacfylis glotnrata), 2 kg Kahliti inothy (Pheiinn area have learned through bitter experience that it 
IIalense), and :1.5 kg Iluiaiwhiteh clover (Trifhlium pays to sow only certified seeds having a purityrepens) is fa vored. Tbe total of 25 kg/ha is usually of 99% and germination of 90% plus.broadcast sown witli a roller-drill machine. Red In some undeveloped hill country areas it is oftenclover ('. pra en'se) is iot im:uch favored because cifficult to establish clovers (Cullen, 1971) because 
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TUSSOCK GRASSLANDS IN NEW ZEA LAND 

of the lack of suitable Rhizobium being present in 
the soil. Best resilts are obtain ed either by inoctlhat-
ing the seed with rhizobia just prior to sowing, or 
by sowing inOul ated pelieted seed. Both of these 

in this area with goodmethods have been used 
results. 

the first 	summer, frequent rotationalThroughout 
grazing management with large numbers of sheep 

or cattle is necessary to keep the vegetation close-
in plhnty of light for the clovergrazed and let to 

establish. Then, in the second summer the opposite 
is practiced, when the pasture is lightly grazed or 

the clover to reseed and greatlyspelled, allowing 
regenerate. 

From this stage forward, provided the pasture is 

adequately maintained with annual or biennial 

superphosphate topdressing with Mo every fotr 
years, anti good grazing management is carried out, 
t carrying capacily of 7.5 EE/ha is achieved. We 
can expect this to rise to II EE/ha in the near future 
as the fertility is built up and farmers upgrade their 
overall management. 

An example of the annuli increase in farm plro-
country 	area isdLuction 	 b(eing obtained in this hill 
total sheep andshown (Fig. 1). It shows the miean 

cattle as EE stoLck units wintered per farm. for seven 

farms surveyed, from 1962-1976. The average area 

is 1 090 ha and, over the period, sheep numbers 
givinghave increased hy 90. and cattle hy 321% 

in EE for the period.ain overall increase of 145! 
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Figure 1. Mean total sheep and cattle wintered per farm for 

seven farms surveyed in South Otago Tussock hill country. 
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DISCUSSION 
R. Blaser (Virginia, USA). Could you aichieve this 
kind of success hy sod-s,(ding andi adequate fertil
izatiof at i litlhe lower cost hy requiring mu:h more 
time Io dex'ldl) such big pastutes? 

Pantall. The (tifficulties wouhl he that the land mass 

itself would be tot) rough to he suitlabl for a sod

seeding mac:hine. Th1 land is very rough indeed 

in its undevelopedI stage in the ttsso(:k stage and 

also in the tussocks thtms(lves. I don't think such 
woulti job. of reasonsa machine (t) th( One the 

some flat areasfor plowing, of (o)urse, is to have 
to gel over that you can mow.easy areas 

Blaser. Of :ourse. you get lime and phosphate in
(:orpo)ratio)n. 

Pantall. Yes. 

Unidentified. You gave the seeding rates of it new 

pasture. They seen to me very high. Could you tell 

why those- raites wotuld be so high? 
Pantall. In our experience, there are some farmers 
that, with very good seed bed prepiaration and good 
sowing methols, (an get away with lighter seeding 
rates. What (IL)you consider to be an average seeling 
rate in what you're talking allt? 

we 

us 

Unidentified. For while clover, fur example, 

think that two pounds is satisfactory.
 

Well, this is three potunds per acr. beingstOwN . You (;Ouhl] sow two pounds, it wounld be 

(Julite all 	right. a pound 	and 

iahalIf is 	plenty. 
You're dealing with naive country that isPantall. 

very rough and I think it pays to be reasonahle with 
the seeding rates that you're using. I would agree
wholeheartedly. The per acre basis is 213 pounds 

s.ime farmers can sow as low as 20 and get 

quite good rsulls. I wouldn't advocate goling lower 

than that. We're dealing with pra(li(ml farmers and 

not all farmers are absoltely tops. 
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K. F. O'Connor (New Zealand). If you want to put 
Ip your capital costs of machinery, try renewing 

sod-seeders every year. It's really the answer to that 
question. That country kills sod-seeders. Good 
swamp plows survive. As to why such high seeding 
rates on new seed beds, the main factor that's 
dominated New Zealand farmers and to which Ithink 
the agronomists conceded, is that farmers want to 
have sto:k ol paslures within six weeks of sowing. 
Therefore, they have high seed rates. Why do they 
want to have animals on pastures within six w.eks 
of sowing? Becaotse animals are there for weed 
control. Combine the factor of getting the animals 
on early to control weeds by grazing when the weeds 
are still soft and to get a sole of gras,: so that the 
turf does not deform with the early animal pitting, 
and these are the main reason why we produce outr 
own seed cheap enough to use very high seed rates. 

Unidentified. The question of phosphorus is very 
im)ortant inyour situation. Doesn't the future supply 
of phosphate and its cost worry you? 
Pantall. The actual supply may be all right for the 
future of New Zealand. Professor O'Connor :oul 
give a better answer to that. As to cost, our govern-
ment does subsid ize the superphosphate quite ex-
tensively. Recently the subsidy has been reduced 
by $10.00 Per PIound its it means of trying to get 
farners not to ptl so much on. I don't think there 
are any real problhms. 
1. Winch (Canada). You have basically two systems 
of improving these pastures. One is a swamp plow-
I'm not sure what a swamp plow is. 
Pantall. It'sa very big plow. It turns everything over,
buries Al Ihe trash, anvr has it very big furrow. 

bethua. 

Winch. You have that system plus the over-sowing. 
What is the possibility of success of over-sowing 
over the years? Is it successful every ,'ar or what 
is the probability of getting a good stand versus 
the plowing system? And, secondly, what are the 
comparative costs? 

Pantall. The costs of over-sowing and top-dressing 
are much less costly than plowing and cultivating. 
But by the same token the production, immediate 
production, that we can get ff this land, as I 
illustrated to you, is from 0.6 ewe eq, ivalents per 
ha to 15 ewe equivalenIs per ha, a very dramatic 

increase in productivity. The unplowed new land, 
of course, can only be serviced by the airplane and 
here again we are able to achieve excellent results. 
In the long run I think that in I relatively short 
time, say ten years. a lot of this tussock land that 
we had over-sown and top-dressed that cannot be 
plowed will be up to 11 ewe equivalents per ha 
because of the increase in fertility. Costs are rising 
all the time. It would cost us something like $40 
per acre to over-sow and top-dress. With grasses 
and clovers and fertilizers it would cost about $100 
per acre for cultivation anti seeding. Bear in mind 
that we're going to get a crop off that land-tur
nips-until the time that we go into new grass. 
W. Templeton (Kentucky, USA). You indicated that 
you had successful restlts from pelleted and inocu
lated seed. I wonder what you could tell ts about 
the storage life of this seed once it's pelleted and 

inoculated? How soon does it have to be sown and 
under what cor-ditions will the inoculum persist 
satisfactory? 

Pantall. Well, wi *h the straight inoculant where you 
inoculate the seert yourself, it's best that it be (lne 
the (lay it is sown. It could be (lone the day before 
and it must not be done in strong sunlight: it should 
be done preferably either late in the evening and 
bagged up again or done first thing in the morning. 
I don't think it should be allowed any longer time 
than that. With the pelleted seed, however, that will 
keelp for a very long time. In fact, that is done o 
a commercial basis-it is pelleted by commercial 
firms so that you buy it through the stock firm and 
I'm not sure what the life would be, but I'm sure 
Professor O'Connor would perhaps be able to answer 

O'Connor. Twenty-one days. 
S. Powles (Michigan, USA). You mentioned that you 
were getting responses from molybdenum and you 
said that you also raised the p1-I only by .4, which 
would raise your pH to about 5.5. Were you getting 

responses to the molybdenum at that level?
 
Pantall. Yes.
 
Powles. So. you're sowing into a pH of 5.5 and then
 
the molybdenum response was above that.
 

Pantall. Yes.
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The Contouring of Hill Land Into Linked Narrow
 
Terraces for Tree Cultivation 
L. Lisa 
Laboratorio per [a Meccanizzazione Agricola, Torino, Italy 

Land arrangement into narrow ter-,,ces (Lisa and 
Luppi, 1967) and, subsequently, into terraces linked 
by groups (Lisa, 1968) was suggested in order to 
control the flow of rainwater with tree cultivation 
in rows on hillsides and at the same time to facilitate 
the use of agricultural machines for full mechaniza-
tion. 

The topography of the region (Monferrato, Pied-
mont, N. Italy, 8' N, 4505' E) in which the research 
was carried out is characterized by uneven hills with 
generally small irregular shaped fields-rarely more 
than 1 ha, on the average only 0.45 ha-with irregular 
slope, almost always steep, up to more than 50% 
gradient. 

The soil, which is derived from the decomposition 
of marls and sandy-fossil limestones, is of various 
depth and lies directly on the bedrock. It is rather 
limey and sufficiently fertile. The granulometric 
analysis shows the following average data: 

2-0.2 mm 20!, 
0.2-0.02 mm 42% 

0.02-0.002 mm0.<-0.002 mm 
<0.002 mm 

24%24% 
14%~ones, 

The average rainfall of the area is 764 mm yearly, 
mainly distributed in spring and autumn, with sum-
mer storms and snow in winter. 

The property is parcelled out and the farms are 
generally of the owner-operator type. mostly of small 
size (average size: 3.7 ha, with 42.7% smaller than 
3 ha). 

The main cultivation is grape growing; other crops 
are forages, for cattle breeding in family-run farms, 
and cereals production, 

The basic principle followed for terrace construc-
tion is that rows are arranged following the contour 
lines but they are given a slight longitudinal gradient 
so that the rainwater can be safely discharged into 
the main drain, as adopted in American terracing 
(Beasley, 1958). In this case, however, when the 
inter-rows have an inward gradient the water runs 
along the rows in the drainage channels uphill of 
the inter-row. When the cross slope of the terraces 
is left unchanged or only slightly reduced the water 
runs in the furrows opened in every inter-row by 
tillage operations. 
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Another basic principle used in contouring hill 
land into narrow terraces with reduction of the cross 
slope consists of joining terraces at the ends, at the 
same level, to facilitate the operation of farm ma
chinery, especially with regard to turning operation 
at the head-lands, by eliminating sharp and (anger
ous changes of gradient. 

Following these two princil)es and taking into 
account the different soil conditions and the various 
needs of the crops, a number of hill land arrange
ments have been suggested and experimented upon. 

Fig. 1 illustrates an example of arrangement with 
narrow terraces, with an inward slope and a 2% 
longitudinal gradient in alternate directions. Sixteen 
1 411 m long contoured rows, with a 3.5 m inter-row, 
were created on a 5.027 square m plot with an average 
cross slope of 27%. 

Two neighboring terraces had the longitudinal 
slope in opposite directions. Therefore, at their ends 

they joined two-by-two at the same level. This 

twice as wide as the single terraceproduced an area 
(in this case 4.8 m) for the turning of tractors. Each 
terrace was not linked at both ends with the adjoining

but joined at one end to the terrace above 

and at the other end to the terrace below (Fig. 2). 
The tractors must zigzag along the terraces. The 

rainwater runs off alternatively at one headland and 
then the other into the drains. 

The land was terraced in 1963, and the following 
year hedge-trained plum trees were planted on the 
downward edge of the terraces. As the difference 
in level between the terraces was about 1 m, the 
downward strip of the terrace was covered by a layer 
of loose soil sufficient to plant the trees without 
preliminary deep plowing. 

After the final settlement of the backslopes, which 
attained a 90% slope where there were medium-tex
tured soil conditions, the terraces were about 2 m 
wide and, therefore, were easy to farm with the usual 
machines. 

The width of the areas at the headlands was about 
4.5-5 m, depending on the gradient of the land, 
and allowed the turning of tractors with mounted 
implements. However, the areas were not really big 
enough for turning trailers and other big, towed 
machinery. 
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Figure 1. Orchard with narrow terraces joining two by two at the headlands into a levelled area. The average cross slope of 

the field is 27%. The distance between the rows is 3.5 m; the terraces, which have a slight uphill slope, are, average,on 

2.40 ni wide P;d the backslopes are 1.10 m high. 

the first years The summer of the first year after the planting'l'here were no 	 land-slips during 
critical sectors ot the backslopes of the trees was particularly dry and the crop sufferedeven in the most 

of the connecting areas in the steepest points (33%), from the high evaporation caused by the terrace 

where the difference in level between thf. Iwo con- construction, which created a larger evaporating 

necting areas reached 2.4 m. Only after uxtremely area. In fact, only 70% of the plants rooted. After 
had grown, no 	 more damage from dryheavy and continuous rainfall and excessive back- the plants 

slope erosion caused by tillage operations did some weather was recorded. 
The runoff of rainwater was satisfactory evenland-slips occur on the backslopes. 
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Figure 2. Detail in perspective view of the connecting areas 
of the terraces which join two by two. 

though the furrow dug along the ha(:kslope filled 
restoredwith soil after a few years and was not 


owing to the limited width and length of the terrace.
 

The various farming operations were regularly 
same amount ofperformed and they required the 

time as comparable operations on flat land. The 

pruning and harvesting operations were easily car

ried out with the aid of a platform mounted on a 

tractor and fitted with four mobile platforms for the 

four-man crew. 
Only the maintenance of the grass-covered back

slopes presented some difficulties: an annual cutting 
was needed, followed by chemical weed destruction. 

In 1968 the technique of narrow terraces joined 
at the head-lands in groups was applied to two new 
fields. The principles involved in this innovation, 
compared to the first system, are shown in Figs. 

3 and 4. 
One of these fields, adjoining a vineyard to he 

enlarged (which was planted in contoured rows, with 
2 m between the rows and with a slope varying 
from 30% to 45%), was arranged into terraces by 
cutting a moderate backslope and by reducing the 
cross slope to 15-20% while a constant longitudinal 
gradient of 0.5 to 8'% was created. The new rows 
were planted as a continuation of the preexisting 
ones. 

Before planting the vines, turning areas involving 

4 inter-rows were constructed at the ends of the 

rows. The outward slope was 15% and this gradually 

reached the original slope of the land. 
With this configuration the rainwater ran off along 

the furrow left near the row by the various tillage 
implements.On the steeper slopes one of the rows 

of each connecting area must be shortened by a few 
meters where there is the backslope. 

The runoff of rainwater was always regular and 

compared to previous conditions the use of farm 
machinery was easier. 

In the second field, with a surface of 3.650 sq.m 
and a slope ranging from 10 to 32%, rows connected 
at one end by a turning area (Fig. 5) were laid out 
in order to check the farmability and the stability 
of the land after the terracing. At the other end of 
the rows connecting areas were not necessary be-
cause the slope was less than 15%. 

II - I I 

-1 
• 

Figure 3. Schematic plan of a field with uniform cross slope, 

arranged in terraces connected in groups. A.Connecting areas 

for groups of four terraces. B.Connecting zones between these 

areas, single terraces and zones with original slope, the latter 
indicite the direction ofindicated with the letter C. (Arrows 


the runoff in a field where the longitudinal slope of the terraces,
 

in non-connecting zones ICI was 2%. 

-

-

Figure 4. Detail in perspective view of a connecting area (with 
downward slope reduced to 15%) between a group of four 
terraces with aslight uphill counter-slope. 

Rows lie across the slope ani have a longitudinal 
gradient ranging from 0.5 to 13% with a 2.75 in 
inter-row. Near the connecting area the inter-rows 
become more narrow up to 2.5 m, in orler to make 
up for the space occupied by the backslope every 
4 rows. This was necessary because the hackslope 
was constructed in proximity to the inter-row anti 
consequently the terrace wilth was reduced to 2 

m. 
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Figure 5. Vineyard with rows connected at one headland by groups of four in areas with a reduced slope. The backslope forthe formation of a connecting area is placed above a row. Water runs along the inter-rows in a furrow opened during soiltillage toward the headland beyond which is a collecting ditch. The distance between the rows is 2.75 m. 

The farming of the vineyard was easy except for different in the two parts of the vineyard and thethe maintenance of the backslope near the row and ends of the single half rows do not always meet,the passage of machinery in the points where the as can he seen in the figure. In fact, on the left-handinter-row was narrow, side of the vineyard there are 4 rows more thanAlso, with this arrangement the original cross muston the right-hand side, therefore the machinesloI)e was left iinrchanged. It was only slightly re- turn in the central headland twice. The headlandd uced by means of a moderate hackslope below the in the other parts of the fieldl is crossed by the row produced by tillage operat ions. Trhe discharge machines travelling the two sections of the sameof rainwater along the rows in the furrow opened: rows, even though their headlands do not c:oincide.l~y t ilIlage iimplenmnts was reguli ar, especially w,,hen Also, here rainwater discharges into an across-the
the gradient was greater than 1 . slope ditch near one of the headlands.In sp~ring 1,976, a new "inevyardl was planted on The backslope of the connecting areas beinga plot of 1.2 ha with a slope ranging from 18 to formed in proximity to the row, the inter-row dis34%."'After deep plowing, the slope of the connecting tance is unchanged and its mlaintenance is easier. area was reduced to 15% and sets of 4 rows were '[he connecting areas link rows, four-by-four, butlinketl together between the connecting areas (Fig. in a staggered way, so as to allow the farm machines,3). Vines were then planted in across-the-slope rows which zigzag, to pass from one area to the other.with a 3.2 in inter-row and a longitudinal gradient With the ab~ove mentioned row arrangement theof between 0.5 and 12%7, (Fig. 6) so that the vines cross slope resulting was slightly reduced, rangingcoulbe trained to the hangingcurta in system which from 12 to 30%. With the tilIlage operat ions, lowis der'ived from the "Duplex"' system. hackslopes coul be ob~tained near the row, furtherTo follow the: lay of the land the 140-in long rows redcucing the c:ross slope in ordler to e;ase. the use 

were cul a rd 'b~ent'' approJximately in the middle of mach ines.to form a central he'ad land,. This operation was The backslopes of the connecting areas were 6 necessary also because the numb~er of rows was to 20 in long, dep~ending on the ground slope. 
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Figure 6. Vineyard with rows connected on headlands by groups of four areas with slope reduced to 15%. The backslope for 

the formation of conneciing areas is placed in correspondence of a row. Rows have a moderate longitudinal slope and the 

cross slope is reduced only by a small backslope corresponding to the rows. Distance between rows is 3.25 m. Machinery 

travels in the way indicated by the arrows. Dotted lines represent the original contour lines of the field, which has a slope 

ranging from 18 to 34%. 

The land arrangement was carried out with a 90-hp Phelan. I was thinking of the, slope that you pro

tractor mounted scoop in 91, hours, i.e., 8 hours duced with the terrace. 

per ha. Lisa. We have reduced the slople up to a maximum 

REFERENCES of 13% after the construction of the terrace. It is 
necessary to have rows longer than 100 m and, 

Buashey, R. P. 1958. A new method of terracing. Univ. Missouri therefore, because of the variation of the land, it 
Agr. Expt. Sta. Bull. 699. i eesr owr h lp ftetrae 

Lisa, L. and Luppi, G. 1967. La sistemazione dei lerreni declivi i eesr ovr h lp ftetrae 
a ripiani raccordati, L'lnformatore Agraria, Verona, 21. D. Plucknett (Hawaii, USA). Do the'y still use cattle 

Lisa, L. 1968. Sistemazion" dei terreni declivi a ripiani raccordati or diraft an imalIs on some of that terraced land and 
a gruppi. Atti del Convegno Nazionale solla Meccanizzazione is there any inlerest in maintaining them to do some 

agricola nei terreni (Jeclivi, F'esaro. of the draft work?. 

Lisa. No, we have especially grape cultivation or 
tree cultivation and the animals can damage the 
plants. We use: a mower one time a year, then we 

DISCUSSION use pesticides for control. 

J. Phelan (Virginia, USA). Did you have any stan- Plucknctt. Is that the general policy everywhere in 

dards for the maximum or minimum gradients on Italy--to use the tractors and pesticides? 

your terrace system? Lisa. It was traditionally animals, hut not now. 

Lisa. Yes, a maximum of from 20 to 35% in these E. J. Ravalo (Puerto Rico). I hawe one qilestionl 

areas, regarding those terraces in your country that you 
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have shown on the slides: How long did it take 
you to coml)lete them in machine hours per acre? 
Lisa. We have eight hours p 'r ha in this case. Eight 
hours is only for the rough work with machinery 
for doing the terraces; afterward you are cultivating 
the land to finish up the work. After the terraces 
are (lone the time necessary is comparable to the 
time needed for a deep plowing. 

72. 

WANG 

D. Watt (Pennsylvania, USA). Do these terraces have 
annual heavy rainfalls such as we have in our climate 
here in the summertime-heavy torrential thunder
storms? 

Lisa. The terraces occasionally receive heavy storms 
in the summer. 

Cover Crops, Mulching, Grass Barriers and Grass 
Waterways on Hill Land Orchards 
Hsiao-tsai Wang 
Fengshan Tropical Horticultural Experiment Station, Taiwan 
Taiwan, Republic of China 

Soil conservation is important in the development 
of hill land in Taiwan because of such factors as 
erosion, steepness of slope, high and excessive rain- 
fall, a long dry season (October to May), and the 
wide range of crops grown there. All these factors 
contribute to a very complex problem. The results 
of experiments conducted indicate that conservation 
measures in Taiwan differ from those used in the 
United States and Japan. 

Bench terracing was considered one, of the most 
effective soil conservation measures in hill land 
farming anti it was used as a major conservation 
practice in the past in Taiwan. But its construction 
cost is rather high since labor shortage became a 
serious problem in rec:ent years. Also, it is not 
suitable to farm mechanization. Ifence, it can hardly 
meet the requirements of modern conservation mea-
sures for farmland. The purpose of modern conser-
vation methods is not only to reduce soil and water 
losses but to mininlize labor cost for crop production. 

Many experiments indicated that (:over crops, 
mulching, grass barriers, and grass waterways were 
more effective for conservation than engineering 
measures such as bench terracing and brick channels, 

COVER CROPS AND MULCHING 
Any crop serving as a solid groun(l cover to control 

soil erosion and to improve soil productivity, 
whether or not specifically planted for that purpose, 
is a c:over crop. Mulching with crop residues c:an 
effectively keep soil erosion to a minimum, add 
organic matter to soil, and conserve soil moisture, 

In earlier studies of pineapple plot runoff, soil 
anl water losses on reverse slope bench terraces 

Agricultural Research Institute, 

. ere quite similar to the treatments of contour, close 
planting and straw mulching (Table 1). Maximum 
yield of pineapple was obtained from the same 
treatments (Table 2). In the fallowing season between 
two crop years of pineapple, stubble mulching was 
judged to be the ideal land use (Chang et al., 1968). 

Many experiments have been conducted since 
1964 to find out the effects of soil and water conser
vation, mulching and cover crops on the hill lands 
of banana, citrus, and litchi plantations. Five kinds 
of cover crops were used: Guinea grass (Panicumn 
maximun, Jacq), Centrosema (Centrosema pube
scens, Benth), Calopogonium (Calopogonium mu
cunoides, Desv), Bahia grass (Paspalum notatun, 
Fluegge), and Indigofera (Indigoferaspicata, Forsk). 
Material mowed from respective cover crops was 
used to mulch around the fruit trees underneath 
the canopies. Bahia grass had the highest effect on 
control of erosion (Chang, 1970; Chang and Cheng, 
1974; Wang et al., 1975). 

A further experiment was performed on a 24% 
slope banana plantation with clay loam soil. Five 
treatments were used: drainage type level terrace; 
grass barrier with 2.5 m spacing; grass barrier with 
5.0 m spacing; cover crop and mulching with Bahia
 
grass; and clean-cultivation as check. Cover crop
 
and mulching with Bahia grass had minimum runoff.
 
From the difference of the linear regression coeffi
cient, there was a significant (P < .05) difference
 
between cover crop and mulching with Bahia grass
 
and dlrainage type level terrace. The former was more
 
effective than the latter (Fig. 1). Also, the amount
 
of soil loss in each treatment was proportional to
 
that of runoff. Minimum soil loss was about 0.36
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COVER CROPS ON I1ILL LAND ORCHARDS 

on clay loam soil with 20% slope
TABLE 1. Runoff from each plot with different pineapple plant ages 

Treatments 

Cintouli cls 
Contour" & loose Up & down,. loose

planting. & straw Contour' &close 

Age of pineapples 
Reverse' slope 
bench terrace mulching planting 

1 year' 

2 years" 
3 & 4 years' 

'When rainfall increased by 

level of 1%. 

Yields 

1st crop yield 
2nd crop yield 
Avg. yield 
Yield increase (%) 

0.0351 0.0418 

0.0254 0.0360 

0.0307 0.0392 

one millimeter, the runoff of each treatment 

InIn 
0.0552 
0.0571 
0.0470 

is shown. 

", ",. 'Linear regression coefficients for five treatments, (1) reverse 

(3) contour and close planting, (4) contour and loose p!anting, 

f3 4 and (3,. respectively. 

( =(3(3,~~~~l " 03 3. (3,= w 

Data from Chang et a. (1960). 

TABLE 2. Average yield of pineapple from various treatments 

Contour, close 

Reverse slope bench planting & straw 

terrace mulching 

76.045 93.016 
99.235 107.746 
87.640 100.381 

59.13 82.26 

Data from Chang et al. (1968). 

MT per ha in four years from cover crop and 

mulching with Bahia grass (Table 3) (Wang, 1976). 
Orchards in Taiwan are generally on steep land. 

trial was carried out onBecause of this, another 
a 46% slope litchi plantation to see what effect cover 

cropping and mulching have on erosion of such 

steep siopes. Of four treatments used, erosion was 
and soil losses) by covercontrolled best (less water 

crop and mul:hing with Bahia grass (Tables 4 and 

5). Under this treatment water and soil losses were 

small even on slopes as steep as 53%. 
Ten years ago, Centrosema was a major cover crop 

used in the hill land banana plantations due to its 

thick cover and nitrogen fixation. However, its 

climbing habit nede(ld more management than other 

crops. Further, extracts from its roots, stem, and leaf 

possessed the highest p-hydroxybenzoic and vanillic 

acid levels among many kinds of cover crops. This 

toxicity caused poor growth of banana. Bahia grass 

had the least toxic effect compared to Indigofera 
and Centrosema (Wu et al., 1975). 

In recent ypars the author and his colleagues have 

planting 

0.2401 

0.1304 
0.0075 

Each number has a 

slope bench terrace. (2) contour, close planting and straw mulching, 

and (5) up and down, loose planting as check, are, (3,, [(,, 

Wre inisn. 

Contour & close Contour & loose 

planting planting 

MT'ha 
86.131 57.509 

92.075 52.643 
89.103 55.076 
61.711 0 

planting as check 

0.3332 
0.2213 
0.1020 

highly significant difference 

Up &down, loose 
planting as check 

57.512 
56.226 
56.869 

8.26 

emphasized study ot the relationship between cover 

crop and mulching with Bahia grass and soil phys
order to find out propericochemical properties in 

soil management measures. 
Although Bahia grass had desirable agronomic 

characteristics which reduced soil and water losses, 

its daily water consumption during the period of 

vigorous growth (August to September at Fengshan) 
was as much as 14 mm/day. In this season, grass 

must be cut in order to reduce the eva)otranspirat ion 

rate. The water consumption decreased by 30%, after 

cutting, which lessened competition with inain crops 

for soil moisture (Chang and Tsai, 1974). 
Bahia grass can be grown within a wide range 

of pH values. Its growth was normal on soils with 

pH within the 5.5-H.9 range; best results were 

achieved on soils with pHl level within 5.5-7.9 

(Chang and Tsai, 1973). 
Bahia grass tolerates shade. Levels of sunlight 

intensity at 40%X, to 60% were most suitable for 

growth and produced high yields of grass and hay 

(Hsi and Chang, 1971). 
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TABLE 3. Soil loss from different treatments 

ioitine [Its 

Cover crop & 

Year (if Drainage type level Grass Iarrier with Grass harrier with mulching with Clean-cultivated as 
checkmeasurement terrace 2.5-m spacing 5.0-m spacing Bahia 

MT/ha 

1971 0.192 1.262 4.463 slight 21.702 

1972 0.207 1.926 6.115 0.174 38.510 

1973 0.129 0.965 3.230 0.118 25.453 

1974 0.084 0.416 1.938 0.072 71.819 

Total 0.612 4.569 15.746 0.364 157.484 

Mean 0.153 1.142 3.936 0.091 39.371 

Data from Wang (1976). 

5" 	 /-y.y=0.9108 x -220582. r,--0.9172" 

(Clean-cultivation as check) 

TABLi 4. Runoff per mm rainfall from different 
N.N 	 _y.07692 x -27 6275. ri0.7527" treatments under litchi on 46% slope 

(Grass barrier with 5 0 ni spacing) 

Treatments 

,o Cover crop & 
mulching Cover crop & 

with Mulching Mulching 

- itw,. 

-"t,yO3790 x -14 8703. 1, 0 8949"" 
(Grass barrier with 25 In spacing)l 

Desmodium 
biergeri 

with Bahia 
grass 

Clean-cullivat-
ed as check 

with Weeping 
love grass 

- ,y 03103 x -146012. r, 08767' 
(Drainage type level terrace) mm 

0 
- y. 0 1723 x -79151. 1,0 8658" 

(Cover crop &mulching wilh Bahia) 

0.1569 0.0121 0.5406 0.1748 

Each number shows a significant difference of Up to 1%'. L1 ear 

regression coefficients for four treatments, (1) cover crop and 
mulching with Desmodium huergeri.(2) cover crop and mulching 

* M.tr 0 01 1oi with Blahia grass. (:1) clean-cultivated as check, and (4) mulching 

with Weeping love grass are 13P.I,,. 3, and P,,, respectively. 

Figure 1. Linear regression of runoff vs rainfall under bananas , I.P , +_ 1, 3, 1, li .- P' ,., , + 1, and (3,, (3,. 
on a 24% slope. Each regression coefficient has a highly Data from Wang e1 a]. (1975). 
significant difference level of 1%. The results of tested linear 
regression coefficients are as follows: 11, I13,II.t i I I', PI,, 

[13,,and it, I 1%. From Wang (1976). 

TABLE 5. Summary of soil loss from different treatments under litchi on 46% slope 

Trealmeints 

Cover crop & mul:hing 
with Desrnodiuin Crver crop & mul:hing Chan-cultivated as Mulching with Weeping 

Year of measurenent uergeri with Bahia grass check love grass 

MT/ha 

1971 5.7576 (.5260 49.,1329 0.11235 
1972 2.22711 0.0533 115.1994 2.9053 

197:1 	 0.11119 1.2020 50.8227 1.1928 
1974 1.6490 0.0415 313.4201 2.9975 

Tuotal 10.4463 0.11228 219.2751 7.9191 

Mean 2.6115 0.2(157 54.81117 1.9797 

Dala from Wang e al. (1975). 
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After one year's growth, the root system distribu-
tion of Bahia grass (A 44 variety) penetrated as deep 
as 59 cm into the soil (Wang, 1973). 

The organic matter content of the surface soil was 
wasincreased frot 0,91, to 2,4 after Bahia grass 

as cover crop for six years (Wang, 1976).planted 
Soil covered with Bahia grass had the highest 

:
hydraulic cond uctivitv-5.15 X 10 cm/,inm ; the 
leist was obtained from drainage type level bench 
terrace-7.59 x 10 ' cm/min. Hydraulic conductiv-
ity increased after grasses had been planted on hill 

land orchard for a long period. Soil aeration and 
water permeability were also improved "Vang, 
1975). 

As stated above, although cover crop and mulching 
with Bahia grass was the most effective treatment, 
its competition with main crops for nutrients and 
water was still high. A modified measure, alternate 
strips of cover crop and mulching with Bahia grass, 
was used in juvenile orange and mango plantations 
in an effort to keep such competition at a minimum, 
The fruit yields obtained under this treatment were 
higher than yields from the complete cover and 
mulching treatment. Howe,,er, the surface runoff 
between the two treatments was not significantly 
different. (Liao and Chang, 1974; Wang, 1976). 

GRASS BARRIERS 
Close planting of at least two rows of grasses to 

trap silt according ta planned vertical intervals 
would form bench terraces. It also would reduce 
the slope, thus facilitating mechanical operations. 

Experiments conducted by the author to find the 
rate of slope reduction, the amount of soil and water 
losses, the proper kinds of grasses, and the appropri-
ate grass barrier spacicg are summarized as follows: 

According to the function of grass barriers on a 
23% slope banana plantation with clay loaim soil, 
Weeping love grass (Eragrostiscurvula, Nees) barrier 
with mulching had the minimum runoff and soil 

loss, and the highest fruit yield (Tables 6, 7 and 
8). Slope reduction within three years was from 
11.5% to 7%, i.e., the original slope of 23%, was 
decreased from 11.5% to 16%. The rate of slope 
reduction depended on the factors ot rainfall, soil 

texture, field management, anti availability of 

mulching (Wang, 1970). 
Three kinds of vegetation, Day-lily, Guinea grass, 

and Bahia grass, were used to establish barriers with 
spacing of 2.5 in and 5.0 in, respectively. The yields 
of bananas from the barriers of the three kinds of 

vegetation showed no difference, but the banana 
i Ba hia grass barrier wa.s signifiyield of the 5.0 

cantly higher due to less competition for nutrients 
and soil moisture. The interaction between kinds 
of vegetation and the spacing was significant (Wang 
et al., 1971). 

Slope reduction was significantly different among 
the kinds of vegetation and spacing. The Bahia grass 
barrier with 2.5-m spacing had the best effect in 
reduction of slope (Wang et al., 1c71). 

From the interaction between the k'nds of vegeta
tion and spacing, the Bahia grass barrie'r with 5.0-11 
spacing was ver desirable since lrger spacing 
facilitated the farming operation (Wang, Liao, and 
Chang, 1971). However, the spacing between two 
grass (or vegetative) barriers, if not more than 8 in 
apart, would trap silt andrI reduce the slope, facilitat
ing mechanical operations (Wang Mt a., 1974). 

GRASS WATERWAYS 

Grass waterways are natural or man-made water 
courses protected against erosion by a grass cover. 
They serve as safe outlets for terraces, diversions, 
cover crop, and mulching with hillside ditches, an(d 
contour rows. Good grass waterways are a must in 
controlling erosion on farms. A grass waterway with.. 
a dense, vigorous growth of grass is needed to carry 
a flow of water with least erosion. 

TABLE 6. Runoff per mm rainfall from different treatments under banana on 23% slope 

Tratnents 

South' African Weeping' loe
 

Guinea' grass (;uinea" grass pigeon grass Weeping" love grass harrier ;everse" slop tilean-"
 

wit hout hench terrace cultivated as
barrier with harrier without harrier with grass harrier 

checkmulching mulching mulching will] mulching mulching with~olt topsoil 

mmI, 

0.4t 0.368t 0.489 O.2113 0.5:; , 

mu lciing, 

0.395 0.478 

'Linear regression coeffic ients for svcen treatments, (1) (;uinea grass barrier with mu ching, (2) Guinta grass harrier without 

(3) South African pigeon grass harrier with mulching, (4) Weeping loive grass barrivr with unlching, (5) Weeping love grass harrier 

without mulching, (6) reverse slope bench terrace without topsoil, 

and fi,,, respectively. 13---- , i 1 . , = Ill,.,.1j1,. k .,, 3,,, , = 13,01 
=13, P,,, P3. = P,. 1. = P,. P,,. = P,, and 13,,= 13,. 

"Each number has a highly signiicant difference level of 1%. 
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and (7) clean-cultivated is check aret. , Ii,,, 1 1,, 13., (I., 

1,,, 1,,fil, +,, ,t I,, .t,. ., 13',. It..Oll. 13, ,, 
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TABLE 7. Summary of soil loss from different treatments under banana on 23% slope 

Trreatments 

South African Weeping love Reverse slope 

Year of 
Guinea grass 
barrier with 

Goinea grass 
harrier without 

pigeon grass 
barrier with 

Weeping love 
grass barrier 

grass harrier 
without 

bench terrace 
without Clean-cultivated 

measurement mulhing mulching mulching with mlching mulching topsoil as check 

MT/ha 
83.220 

1917 0.764 9.367 0.975 0.711 1 G,t5 0.332 73.814 

19i1 0.544 5.005 1.026 2.776 1.689 0.254 

1966 4.001t 10.361 3.460 3.21M 5.760 1.439 

34.648 

total 5.316 24.733 5.467 4.775 9.094 2.025 191.082 

Mean 1.772 8.244 1.622 1.591 3.011 0.675 63.694 

Data from Wang et al. (1970). 

TABLE 8. Banana yield from different treatments on 23% slope 

South African 

Guinea grass Guinea grass pigeon grass 

barrier with barrier without harrier with 

Yields mulching mulching mulching 

Average 10.07 11.911 9.47 

Yield increase 

(IN) 22.86 9.64 15.54 

Data from Wang et al. (1970). 

In order to meet the requirements of steep slope 
and small flow capacity in Taiwan, a waterway 
planted with Paspalum sp. or Bahia grass (USA 
variety) was designed with 1.0-1.5 m top width in 

wasparabolic cross sectionl with 50 cm depth. That 
to carry the capacity of 0.026-0.067 m'/secenough cthegh(ryheaati n .72 h s.

on 30% to 50% slope for the duration of 72 hours. 
The maximum flowing velocity was 3.0 m/sec (Liao 
et al., 1970; Wang, 1976). 

'Taiwa n's exisling economic structure necessitates 

the development of industry. Labor-saving measures 
must be considered first in hill land development, 

Rest:arch in possibilities of adopting more agronomic 
are equally effectivemeasijrcs which cost less and 

of hill land should be emphasizedin the utilization 
and strengthened. 
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Effects of Bench Terrace and improved Hillside Ditch 
Mien-chun Liao 

Joint Commission on Rural Reconstruction, Taipei, Republic of China 

Soil conser\atlion problems in Taiwan are coil-
SpicuOUS since Taiwan is an island with high inten-

sity rainfall, a long dry season, erodible soils on 
steep hill lands and diversified crops which contrib-
Lte greatly to the seriousness and complexity of the 
problem. 

The soil conservation program in Taiwan started 
in 1952. All the measures taken in the past were 
designed by experts without support from experi-
mental data (Landon, 1963). Therefore, Ihe author 
began studies of soil conservation measures, initially 
emphasizing two major items: bench terracing and 
hillside ditching, in ad c ition t( soil conservation 
experiments on sugarcane and pineapple farms and 
on citrus orchards. 

The results are summarized its follows: 
BENCH TERRACES 

Bench terraces have been considered one of the 
most effective soil conservation measures on steep 
hill lands. Yet, their value needs to be reconsidered 
(Liao, 1972). 

Soil and Water Losses. In the earlier observations 
on sugarcane, with a 12% slope and clay loam soil, 
and pineapple, with a 20% slope and clay loam 
soil, runoff plots without outlets, the soil and water 
losses on reverse slope bench terraces were less than 
those of hillsi6e ditches combined with agronomic 
measures. Later, when outlets were built in conform-
ity with field practice, the runoff increased sharply 
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from the past (2.93% to 26.05%) which was much 
higher than that from the close-planting and nulched 
plots (Chang et al., '19611). 

Further observations were nlade in litch i plata
tions-a 36, slope, clay Itarn soil, aiid a large 
area-to compare runoff between reverse slope! 
bench terraces and hillside ditches. Runoff from the 
bench terrace was higher than that of the hillside 
ditch in the first year and reduced gradually in later 
years (Tables 1-; Lido, et ai., 197(1; Liao et id., 1974). 

The experiment oil a 21%'!. slope banana plplanttion 

with clay loam soil had seven treatments with three 
replicates. 'lhe seven treatmentIs were reverse slope 
bench terraces with and without topsoil re-topping, 
level bench terraces with and without topsoil re-ot)p
ping, grass barriers, individual basins and (:lean-cul
tivatioln. Every treatlent with it waler tank on the 
bottom of the first replicate was used for the observa
tion of soil and water losses. Runoff from Ithe level 
bench terrace was lower than from the reverse slope 
bench terraces and other treatments. The same is 
true for soil loss. 'Ihe level bench terraces had the 

lowest soil loss, 3 tons/ha/year, and the clean-culli
vated the highest at 277 tons/ha/year. In conserving 
soil moisture, the level bench lerrace was more 
effective and the significant difference was found 
among them. But considering the higher construc
tion cost of the level bench terrace, its economic 
value is a matter of question (Liao (.iIal., '1969). 

In recent experiments oii banana and citrus 
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TABLE 1. Comparison of runoff in 1967 and 1970 

Treat inen s 

Dates f Biench terrace Hillside ditch 

measuremen t Rainfall Runoff Peak flow Runoff Peak flow 

19167 mm" 

May 24 127.5 55.38 0.051136 55.98 0.06419 
May 25 5.5 2.39 0.02682 1.63 0.02280 
May 26 20.0 8.80 0.03047 6.12 0.01688 
Jun, 2 87.0 39.50 0.04160 36.21 0.03579 
Jun. 11 72.5 36.57 0.03834 26.29 0.03084 
Jun. 12 15.0 5.44 0.01042 2.04 0.00382 
Aug. 30 9.0 3.76 0.00501 3.73 0.00629 
Sep. 7 46.3 25.37 0.03794 16.00 0.05480 
Total 382.8 177.21 148.00 

Runoff (%) 46.29 39.66 

1970 mm 

Jul. 9 42.6 7.22 0,00246 11.82 0.01082 
Aug. 14 57.0 12.57 0.00586 15.42 0.00903 
Aug. 1 32.0 2.56 0.00411 4.17 0.00501 
Aug. 21 37.0 7.14 0.01042 10.35 0.01121 
Aug. 22 16.0 2.21 0.00382 2.69 0.00855 
Sep. 5 66.6 17.14 0.02843 19.20 0.02840 
Sep. 7 21,5 2.44 0.00351 3.59 0.00201 
Sep. 8 130.5 24.06 0.01303 32.45 0.01637 
Total 402.7 75.34 99.69 

Runoff (%) 18.71 24.76 

"When rainfall increased by one millimeter, the runoff of each treatment is shown. Data from Liao ela]. (1970). 

TABLE 2. t-test of runoff between the hillside soil moisture p" curve* of the latter treatment was 
ditch and the reverse slope bench terrace in slower than on other types of bench terraces (Liao 

1967 and 1970 and Chang,1974). 
As stated above, the soil conservation effect of 

Years Calculated t.,alue Tabulated to .05 all types of bench terraces was poorer than that of 
Bahia grass and mulching (except level retention 

1967 2.523 2.365 terraces). For this reason, it is advisable to reconsider 
11170 :1.42.1 2.365 bench terracing on steep hill lands (Liao, 1972). 

Data from Liao et al. (1970). On Crop Yield. From observations of soil and water 
losses on sugarcane, with a 12% slope and clay 
loam soil, and pineapple, with a 20% slope and 
clay loam soil, runoff plots, bench terraces gave lower 
crop yield than contour and close planting and 

plantations, runoff anti soil losses from cover crop mulching (Chang et al.. 1968; Liao, 1972). The same 
and mulching treatrments were close to those from was true in the field experiments. This crop yield 
level bench terraces and even lower than those from tendency is in conformity with the result of observa
oliher Ireatments (Fig. l and Tables 5 and 6) (Liao tions oni a tea plantation (Lin, 1969). 
and Chang, 1974; Wang, 1976). With regard to soil From the experiment on comparison of level bench 
moisture content, the observations on a citrus or- terraces with agronomic practices now under way, 
chard revealed that the level bench terraces had a 
higher soil moisture conlent which was close to those 
of strip cover crop aind nulching treatnments. The 'The logarithn of suction head is employed (tI)). 
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TABLE 3. Comparison of runoff in 1971 and 1974 

Treatments 

Dates of .. lench terrace I lillside ditch .. 

measurement Rainfaill Runoff Peak flow Runoff Peak flow 

n ill 

1971 
July 6 27.8 8.03 0.001412 8.15 0.004572 

0.000143 0.004971July 10 25.4 1.17 2.09 

July 27 179.0 35.16 0.014331 58.58 0.027739 

Aug. 4 87.2 41.80 0.015928 25.47 0.009516 

Aug. 8 14.8 2.61 0.002313 2.24 0.001058 

Aug. 11 47.0 11.78 0.002313 14.14 0.004192 

47.0 12.88 0.010123 10.80 0.010123Aug. 26 
Sep. 13 15.0 4.50 0.000261 3.46 0.001412 

Sep. 20 21.8 5.95 0.004572 5.84 0.004971 

Total 465.0 123.95 130.77 

Runoff (%) 26.66 28.12 

1974 
Jun. 1 31.5 11.85 0.004971 5.83 0.021343 

Jun. 3 182.0 16.42 0.101228 8.81 0.001412 

Jun. 4 55.0 2.22 0!.00105f, 0.54 0.001412 

Jun. 19 195.5 26.36 0.002313 23.50 0.002866 

36.5 11.68 0.001613 1.45 0.000064Jun. 23 
Jul. 6 100.0 16.32 0.001412 3.27 0.001412 

Jul. 14 45.0 11.25 0.001613 2.0 0.001829 

Aug. 24 207.5 25.12 0.003169 20.40 0.003832 

Aug. 28 136.0 12.48 0.100337 6.43 0.000099 

Sep. 2 242.5 36.59 0.0010511 11.49 0.000763 

Sep. 3 104.0 12.97 0.001058 4.45 0.000197 

Sep. 9 30.5 4.57 0.00105H 1.67 0.003491 

Total 1,366.0 187.83 90.44 

Runoff (%) 13.75 6.62 

'When rainfoll increased by one millimeter, the runoff of each treatment is shown. Data from Liao et a]. (1974). 
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Figure 1. Linear regression of runoff vs rainfall (Every regression 

coefficient was highly significant. The difference between two 
[so 

11. 
V,,11. Il1. ;,,,P Pg11Il Il, Il I P,IPh 

coefficients was summarized as follows: (SI,lt. Phl., 
+ 1 ,= I, , ' 

: 11.1 I' (I, Jib + It., and (1, 1 13.). Data from Liaod : it.,ll It+, 


oo and Chang (1974). 

r 

6.oz A Level retention terrace; B - Reverse slope terrace; 
a.ygS.... C Outward slope terrace; - Drainage level terrace; 

0 C01, - = 
o.. 


50 E Clean cultivation; F = Bahia grass cover after deep tillage; 

S. .. .. G . Mulching with Weeping love grass; 
-------.. rv..?Oeoi9- H = Strip cover crop and mulching with Bahia grass 

. I = Cover and mulching with Bahia grass 
°,oo6 .... Jio ogo 
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TABLE 4. t-test of runoff between the hillside (a) 
ditch and the reverse slope bench terrace 

combined with agronomic measures in 1971 and 
1974 

20cmTabulated to .01Years Calculated i-value 

1971 0.2241 3.355
 
1974 4.4737 3.106 b 20cm
 

D~ata from Liaoi el al. (1974). -1 -Outlet 

10cm f 
-a cover crop of Bahiapreliminary results show that lom 


grass has a better effect, especially in reducing soil
 
loss. With no difference of banana yield among the C) 0CM
 
treatments, the Bahia grass cover is considered to ( 1.
 
be a desirable practice (Wang, 1976).
 

Reclassificationof Bench Terrace Types. The effect 
of bench terraces varies with type. Adoption of the 
proper type is important, as cost antl effect vary 
with the different types. 

In the past, the bench terraces were classified as d) 
level, outward slope, and reverse slope. The author 
has reclassified the level type into a water retention 
type andt a drainage type and the outward slope 
type into a heel drainage type and a toe drainage 
type. Such a classification of bench terraces could 
meet actual requirements under diversified condi
tions (Fig. 2 and Tables 5 and 6) (Liao, 1972; Liao 
and Chang, 1974). 

IMPROVEMENT OF HILLSIDE DITCHES 

According to the National -landbook of Soil Con
servation Practices, published by the U.S. Soil Con
servation Service (1970), a hillside ditch of trapezoi
dal-shape has been used for a long time; it is referred 
to here as an A-section type (Fig. 3). The author 
adopte( this A-section type in 1956 on sugarcane 
land but it gave reduced yield. This might be due 
to the fact that no sugarcane was planted on the
 
ditch; its levee area compared with the yield from
 
broad bottom type in subsequent years. After large- Figure 2. Types of bench terrace.
 
scale field observations andi hydaulic tests for corn- (a) Retention level type
 
parison (Mao, 19ti9), the broad-bottom hillside ditch, (b) Drainage level type
 
referred to here as 13-section type (Fig. 4), was put (c) Reverse slope type
 

(d) Outward slope and heel drainage type
into extension beginning in 1964. In Taiwan now 

(e) Outward slope and toe drainage type
nearly 35000 ha of crops on hill lands have this 


type of broad-hottom hillside ditch combined with
 
agronomic practices.
 

Multiple benefits of B-section type hillside ditches 
were exhibited in the observation on sugarcane 
plantations. In comparison of the two types, each more soil moisture, the B-section type is much more 

with a plot of 0.5 ha, the yield of two ratoon sugarcane stable than the A-section type and has less ditch 

crops of 13-section type is 7 to 10% higher than soil erosion. The B-section type needs more cut and 

bottom of fill in the construction while the A-section type needsthat of A-section type since the ditch 
more labor to build to shape, and more maintenance.B-section type can be used for planting and thus 
The B-section type can be constructed more easilyincreases the number of plants. In addition to holding 
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only size farm machinery and can be used as a farm 	road,with a bulldozer while the A-section type can 
be constructed by manual labor. Furthermore, the 	 which is basic to the modern hill land farm (Liao 

and Chang, 1971).13-section type enables passage of small and medium 

2. 00m
0. 1M 


E 

Figure 3. Cross section of trapezoidal-shape type (A-cross sec- Figure 4. Cross section of broad-bottom type (B-cross section). 

tion). 

TABLE 5. Soil Ios fronm different treatments on a 28% slope citrus orchard with clay loam soil 

Treatrnents 

Strip o(ver 

Mulching c(rop & Cover & 

Reverse Outward Iihi,i grass with Weep- mulching mulching 

Level reten- slope ter- slope ter- Drainage Clean cu- cover after ing love with Hahia with lahia 

tion terrace race race level terrace tivation deep tillage grass grass grass 

Year 	 MT/ ha 

1971 0.000 11.199 9.820 10.509 226.550 7.1311 0.000 11.240 3.774 

1972 0.000 15.332 10.974 4.747 230.712 0.156 0,000 0.000 0.000 

1973 0.000 2.821 3.372 2.293 81.600 0.070 0.000 0.000 0.000 

1974 0.000 3.144 1.994 3.041 86.731 0.000 0.000 0.0(10 0.000 

Total 0.000 32.466 26.160 20.590 625.593 7.364 0.000 11.24(0 :1.774 

Data from Liao and Chang (1974). 

TABLE 6. Runoff from different treatments on a 28% slope citrus orchard with clay loam soil 

Strip cover 

Mul:hing crop & Cover & 

Bahia grass with mul:hing mulching 

Level reten- Reverse slope Outward Drainage Clean culliva- cover after Weeping with (Iahia with liahlia 

tion terrace terrace slope terrace level terrace tion deep tillage love grass grass grass 

0.0182 0.2500 0.2960 0.1974 0.7:31Mt 0.1099 0.0560(1 0.0i21 0.066ti 

*When rainfall increased by one millimeter, the runoff of each treatment is shown. Data from Liao and Chang (1974). 
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Farmability Evaluation of Broadbase and Grassed
 
Backslope Terrace Systems*
 
H. D. Wittmuss 
University of Nebraska, Lincoln, Nebraska, USA 

The basic lerrace design recommendations devel- to satisfy the needs of present-day agriculture. Ter
oped by Ramser as a result of his study of existing races require a detention storage capacity and con
terrace systems in 1915 in the southeastern part of trolled runoff release rate for row cropped land to 
the United Slates are in use today (Ramser, 1945). reduce the sediment content of runoff water to 
The USDA terracing recommendations were modi- acceptable levels. Farm operators recommend that,
fied in 1931 as a result of new data collected from if possible, all rows be made parallel to facilitate 
experiments on the ten original USDA soil and water efficient machinery operations on the sloping land. 
conservation experiment stations (Ramser, 1945). The new conservation systems cost more to install 
Additional terrace design modifications of the basic so crop production and economic returns must be 
criteria were made for local conditions. Generally, maximized by reducing the low return from grassed
the broadhase terrace systems staked in the field areas to a minimum. 
today follow the basic recommendations developed The grassed backslope terrace systems with tile 
by Ramser. outlets are effective as a method of sediment reduc-

Recently the public awareness of environmental tion in runoff water (Phillips, 1966). Research at 
qualily and technological advances in farm machin- Nebraska (Owen, 1969) and Iowa (Laflen, 1971)ery, earth movement, and farm management have indicates that the sediment concentration in runoff 
served as a basis for change in conservation systems water is reduced 95% with grassed backslope terrace 

systems with tile outlets compared to the sediment 
concentration in runoff from fields farmed up-and

Ii'lishil with the approval of the Director atsPaper No. 5177, down hill with no installed con,:,!rvation practices. 
Journal Series, Nebraska Agricultural Experiment Station. Re- Agricultural production is very competitive so 
search reported was conducted under Project 11-13. field machine Iine anti labor must be reduced to 
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a minimum to compete economically. Progressive 
farmers producing corn and grain sorghum spend 
less than 4.94 hr/ha field time annually to produce 
a crop (Wittmuss, 1969). 

Conservation systems must be plannet parallel 
to reduce field machine time input to a minimum. 
Nonparallel areas in terraced fields require more time 
to farm and may redutce crop yields as at result of 
soil compaction or missed and double coverage of 
fertilizer or herbicides. Many farm Operators have 
reorganized their conservation systems by making 
all terraces and rows pi)rallel or removing the terrace 
systems and farming parallel to field boundaries. 
The best solution for the conservation of our water 
resources is to install paralleled terrace systems if 
the systems can he installed economically without 
re(lucing productivity. 

The objective of this study was to evaluate th 
percentage of parallel row crop area and grassed 
area for different methods of terrace layout and 
construction. Finally, the best conservation systems 
and design pro(elures will he evaluated for use in 
present-day agrictulture. 
PROCEDURE 

The study was made in two parts and two periods 
in time. The first was a study made near Lincoln, 
Nebraska, of five broadbase terrace systems installed 
in the Missouri Valley loessal hills in 1949 with 
slopes ranging from 2 to 10% (Wittmuss,1950). Five 
terraced fields were selected and each terrace system 
was plotted on a map (Fig. 1) and analyzed (Table 
1, column 2). The terrace systems were analyzed 
for the following: total field area, terraced area, 
percent parallel area, percent nonparallel area, per-
cent grassed waterway area, percent grassed back-

ra Waterway 
. . . .- I


/1 
/ 
/ 

.- Terroce 

Figure 1. Field No. 1. Installed broadbase terrace system-field 
area, 6.4 he; terraced area, 5.2 ha: nonparallel area, 17.6%; 
terrace length. 323.0 m/ha. 

slope, and terrace length per ha protected (Table 
1). 

A stadia azimuth survey using 30.5 meter intervals 
and a topographic map were made of each of the 
five fields studied. A revised broadhase terrace sys
tem was planned on each topographic map with 
the objective of planning the best parallel lerrace 
system with no lateral soil movement (Fig. 2). Each 
terrace system was analyzed applying the same 
criteria used for the original systems (Table 1). 

The second part of the study was conducted from 
1966 to 1970. A 130-ha farm referred to as the Rogers 
:vMemorial Farm located 16 km east of Lincoln, 
Nebraska (40' 50' N, 96° :10' W), was used for the 

TABLE 1. Analysis of broadbase and grassed backslope terrace systems in the Missouri Valley loessal 

Field area (ha) 
Total field 
Terraced area 

Grassed area (%) of terraced area waterways 
Grassed backslopes 

Parallel area (%) of terraced area 

Nonparallel area (%) of terraced area 

Terrace length (m/ha) 

Number of fields 


'No lateral soil movement.
 
"Lateral soil movement required.
 

hills, Lincoln, Nebraska 

Broadbase terraces laralleled' 
with grassJ, ' grassed backslope terraeswaterwvivs 

Grassed Underground 
Nonparalled Paralleledl waterway waterway 

15.2 20.0 7.6 11.2 
12.3 17.11 7.5 9, 

9.7 9.9 4.2 
2.9 3.1 

75.8 82.6 98.0 98.0 
24.2 17.4 1.1 2.0 

309.5 279.4 237.9 183.8 
9 5 1 3 

410
 



WITTM USS 

!-- "" Nonparallel area-all row-cropped areas not in
,,,,,,cluded as parallel area. 

\ ", RESULTS
 
errace 
 Total field area and terraced area were analyzedto determine the average field 	size and the portion 

of each field terraced. The total field areas ranged 
from 7.(6 to 20.0 ha per field with an average of 

\ Grass/ 15.4 ha per field (Table 1). The terraced area ranged
\ Waterway from 7.5 to 17.8 ha per field for an average of 13.1 

, ha per field. Eighty-five percent of the total field 
area was located above the bottom terrace, indicating
nearly complete protection of the entire field area. 
The field areas were typical of fields in the Missouri 

I. 	 . / Valley loessal hill areas. 
The terraced area was divided into parallel and 

nonparallel areas. Parallel areas terminated on field 
borders or grassed turn areas and were easy to farm. 
Nonparallel row areas terminated within the field 

Figure 2. Field No. 1. Paralleled broadbase terrace system and were difficult to farm with large equipment by
planned on topographic map with no lateral soil movement- increasing turn time and soil compaction in the turn 
field area, 6.4 ha; terraced area, 5.3 ha; nonparallel area, 12.0%; area. The constructed broadbase terraces had 24.21% 
terracp kingth, 289.1 in/ha. nonparallel area compared to 17.4% nonparallel area 

for the terrace systems planned on a topographic 
studv.The farnied area under study was broken into map without allowing lateral soil movement. The 
four separate fourseprah' witlb terrace had terraceareasystems with tile outletsmovewatersheds broadbaseroadaseterace 2.0'%nonparallel,wlh~shes wlh grassed backslope when lateral soil 

syst ins installed. Aerial photography and stereo

plotting (Go:ko~vski, 1970) was used to make the ment was used as an established practice.
 
topographic map with 0.3 onour intervals. Thee grassed area amounted to 9, f terracedfoporaxisting badwase terranceonte intals'le in area for the installed terrace systems, 9.9% of thefour existing broadbase terrace 	systems installed in 
 terraced area for the planned broadbase terrace systhe late 1940's were maplped and analyzed applying tems without lateral soil movement. The field con
the same criteria used for the other terrace s\,stems 
(Tablle 1). strutted to grassed backslope terraces and grassed 

One grassed hackslope terrace system wilh tile waterway had 4.2% of the terraced area in grassed 
outlets or grassed waterways was installed in each waterways and 2.9% of the area in grassed back
oif the four years- 9(i, 166~7, '1968, ;n(d '1970. The slopes. The grassed area accounted for 3.1% of the 
grassed backslope terrace s'stem s were planned A terraced area for the parallel grassed backslope ter
thassed kshpe oh the iland r races with tile outlets.topogralctedthe rtdogralhirc wap poaned oil Ihe field, anda rhe length of terrace per ha of terraced area isconstruted. Terraces wer 
planned to be as parallel another method of evaluating the coverage of theas ossible; soil wvementla.ral 	 was usel as terraced system. The length of terrace per ha canrequired. Three grassed backslope terrace systems 
were construt:ted with tile outles with con hrolled generally he reduced by careful planning without 
runoff and 5 cm storage capacily. The other grassed reducing the effectiveness of the conservation covererc ytm s onstru age. The terrace length ranged from 125.3 m perbakshope terrace system was sonstructeda the constructed terrace towith ha for 	 systems 113.1 m 

analyzed using the same (;riteria used for the other per ha for the terrace systems planned,with no lateral 
4)e(Figs. 	 onterrace systins Tae 1,icrus f the soil movement, a topogr'phic map. The terrace3r, (Tae 1.cluns 3 and 4) Figs. length was reduced to 74.4 m per ha for the grassed

4.5.and backslope terrace systems with tile outlets where). lefinition ,f terms: 

Total field area-all of the (:ropable area within laleral soil movement was allowed. All of the terrace 
the field boundary. systems adequately reduced soil losses to tolerable 

Terraced area-all (f the cropable, area above the levels. 
bottloim terrace. 

Grassed area- he cropped areas seeded to grass, 
including grassed waterways, grassed turn areas and 
grassed backslopes. DISCUSSION 

Parallel area-all row-cropped areas that termi- The terrace systems were planned originally to 
nate at field boundaries or grassed turn areas. evaluate yields, soil and water losses from different 
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s' >1 Terrace

\/,,. ,,'',,, ',,,,,,\, 


Grass~,~.Underground 
,WaterwaWaWerwayay\\ 

""..'i", '---
_ ,v.$.' 


i I.... . 

01 *'-'-*''*..."'*"" " ' 

\ r / "" ,, .. .\\ 

Figure 3. Field No. 2. Installed broadbase terrace replaced by 

paralleled grassed backslope terrace system-field area, 12.6 

ha; terraced area, 10.0 ha; nonparallel area, 29.1%; terrace 

length, 263.5 m/ha. 

conservation systems. The parallel grassed backslope 

with tile outlets were considered the opti-terraces 
mum in conservation development but the parallel 

grassed backslope terraces with grassed waterway 

were installed for a comparison of the two systems. 

Grass waterways offer more obstacles to farming than 
Grass waterways do notunderground waterways. 

store runoff water and thus allow a higher runoff 

rate and greater soil losses in the runoff water than 

the underground waterways which reduce the runoff 

rate to 2.5 cm in 24 hours. 
the differentTerraced area was used to analyze 

terrace systems because the construction costs per 
less variable and the terraced area canunit area are 

', Terraced/ 

/ 

Figure 4. Field No. 2. Paralleled grassed backslope terrace 

system with tile outlets-field area, 12.6 ha; terraced area, 

10.7 ha; nonparallel area, 0.5%; terrace length, 156.6 m/ha. 

be used to project other terrace evaluation parameters 

(Wittmuss, 1973). 
Lateral soil movement was not considered for the 

of the terrace systems in 1949 because thedesign 

cost of soil movement was considered too high.
 

Parallel terraces were hard to justify with the 22
planting equipmentkilowatt tractors and two-row 

used at that time. The change in the availability 

and cost of using soil moving equipment and the 

demand for parallel terrace systems have changed 

appreciably over the 22-year period. 
The grassed backslope lengths were measured for 

determine if thetwo terraces of each system to 
terraces were installed as designed. The grassed 
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I:> \\cWaterwaya 

Figure 5. Field No. 3. Installed broadbase terrace system re- Figure 6. Field No. 3. Paralleled grassed backslope terrace
placed by parallel grassed backslope terrace system-field area, system with grassed waterways-field area, 7.7 ha; terraced 
7.9 ha; terraced area, 7.7 ha: nonparallel area, 15.6%; terrace area, 7.6 ha; nonparallel area, 1.1%; terrace length, 237.9 m/ha.
length, 319.2 ro/ha. 

tackslopes act uially occupied twice as much land The personnel time required to design the parallel 
as designed using i 2:1 backslope. Design shape terrace systems manually and the high cost of under
for the terrace backslopes was used in this analysis ground waterway installation with clay tile were 
since the oplimum terrace design was considered, obstacles in the acceptance of the grassed backslope
The wider terrace backslopes were a result of inade- terrace systems. A computer program (Forsythe, 
qu alo terrace conslruction, supervision, and check- 1969) was used to design the terrace system installed 
irig. (;rSS ackslope. lengths should he closely in 1970. The parallel grassed backslope syslem
supervised when they are installed to reduce the design required 12 man hours to stake the terraces 
grassed areilwhich has i low ec:onomoic crop return, on 4.9 ha, submit for computer design, and mark 

The pa rallel grassed backslope terraces were in- stakes for construction. The parallel grassed back
stalled on fields with land slopes ranging from 5 slope terrace system was designed in the same time 
to 8%. Many visilors ihquired about the advisability required to design a nonparallel broadbase terrace 
of using grassed backslopes when bro;adbase terraces system on the land. A farm tractor-operated tile 
ould have been used with the resulting increase trencher using plastic tubing and risers which re

in farmialhe airi and reduction in upkeep costs. duced the construction cost 50! were used for the 
1lroadIlmaso terri:eos gri ally increase the soil moving underground waterway system. The new innovations 
requirenint in the water storage sections. lBroadhase made the parallel grassed backslope torrace systems
terries aie recolinondecl for the gradid ridge se;- more acceptable to farm owners. 
lions on land slope1s up to 8'%and grassed backslope Prior to the use of the computer for terrace design, 
terraces in the level ridge cross se:tion. )n slopes ridge type terraces were used] for the entire terrace 
13'% and grealer, grassel backslope terraces are rec- length. 'lhe computer designed ridgeless or channel 
ommenlded for both the graded ridge and level ridge terraces oin the high terrace locitions and grassel 
cross sections. Su:h a system wLul provide for backslope terraces in the lower level ridge section 
maximum farniable field area, lowest construction of the terrace. Soil was moved laterally from the 
cost for the terrace systen, and reduce maintenance high terrace channels to the level ridge sections with 
cost and prlllims. a resullting reduc:tion in total soil movement. The 
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computer-designect terrace systems need further 
evaluation and testing before accepting the method 
completely but the reduced personnel design time 
requirement and reduced soil movement are factors 
which tend to make the com pu ter-d esigned terrace 
systems more readily acceptabh. 
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DISCUSSION 

S. 	 Vasuvat (Thailand). In Asia the acreage for 
mustfarming is very small and every inch of land 

be used. So, peasant farmers might not appreciate 

that broadbase example. I would like your idea of 

what should be done to convince the farmer. For 

example, could trees be planted on the ridge of the 

terrace instead of leaving itas grasshad? 
isTee oflav itch grland'c rootsbetween 

Wittmuss. Trees have such a prolific root system 
that they would dtr'out the soil for some distance, 
You could probably use some plants with less exten-
sive root systems that would not extend out into 
the cropped area. It may even help if these were 
3 or 4 feet tall. This would cut down wind velocities 
and improve your situation. 

Vasuvat. The farmer feels very badly if,to make 
the channel and the ridge, he has to excavate a bit 
of soil up to the ridge zone. But that area of the 
land is very poor. 

Wittmuss. You could use some crop of a perma-
nent nature that would survive on such land. 

C. Adamson (Australia). I'm surprised with the 
use of the grassed backslope on the terrace. We have 
deviated from, say non-cultivated area, in our system 
because of weed infestation, if we have anl are;, within 

the paddock which we cannot cultivate. We now 
have gone to a hroad-lased terrace that is different 
from yours. We have a 6:A slope on both the channel 
and the downslope and this way we can cultivate 
and plant both the uphill, the channel, and the whole 
of the bank and have no trouble with weed infesta
tion. I was wolderi ng if you would conient onl 

this. 
Wittmuss. I get reaction on both sides. Some 

people like to 	have a grass backslope even ol flat 
ask me why. You can't hold yourslopes-don't 

equipment on steep backslopes. That's the reasoln 

the Farmers themselves just naturally go to this 
' stem. So, when you get on steep slopes you really 
don't take much land out of producltion and the 
rest of the land you have is very farmable. Weeds 
have not been a serious problem. We plant them 
to grass and the grass grows qite well: we can 
control them with herbicides. 

E. 1. Ravalo (Puerto Rico). You mentioned [hat 

your comput erized design greatly reduced the design 

time for obtaining the optimal terrace design. Would 
you discuss the mechanics of the working of the 
computer problem? 

Wittmuss. It's really very complex to discuss this 
in a short time. We determine the channel rod 

readings and then we will design the chainel con
t

figuration we would like. We pu these two things 
into the computer and the computer will then lower 
or raise that terrace channel until it gets a balance 

of cut and fill soil. It will also, in a storage terrace, 

work out the storage requirements of that terrace 

and will give us a computer print-out on that. It 

Will give us back the original ground rod reading, 

the channel rod reading, the ridge rod reading for 
us a cut, the fill, andeach station and 	 it will give 

moved for that section of terracethe cubic yards 
two stations; whether it's net cut or let 

fill; it will tell Ltswhat size orifice we need in our 
terrace outlet so 	 that the water runs out, let's say 
at 1 inch in 24 	 hours, 2 inches in 24 hours. It's 
a very complex program and it will give 	 us the 

amount of work, the amount of cubic yards 	per fill, 
cubic yards of cut, the cubic yards if it has to nove 
any great distance with a scraper or a pan, it will 

give us the feet of terrace that does not require cutting 
and filling, and it will give us the length of terrace 
that requires filling. It gives us a very complete 
analysis of our 	terrace. 

Ravalo. Do you specify in the program the coordi
nates of the waterway locations by station? 	Do you 
specify locations 	of the outlets? 
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Witimuss. If you design the terrace channel, you Wittmuss. I don't know. We haven't been faced 
would select the outlet therein because it would with this problem and it wouldn't be economical 
be the lowest location. If you didn't, we can put for us, but where you have needs for food production, 
in a drain point. The drain point-and that's the you can do a lot of things that we can't do. 
station-of which we would have that terrace Unidentified. For the small-size farmjland is very 
drained and then the computer will select the chan
nel for us. This program started at SCS, they did precious. 
a lot of initial work on it, and then we have been Wittmuss. But you're not so concerned about this 
working on it, in Nebraska for the last two years parallelism and efficiency of production. You're 
and we now have a beginners' program that I have concerned about maximum production. You'll make 
my students use in class. They can design terraces your own soil if you have to. We can't do that. 
without much help from me. Unidentified. What kind of grass do you plant 

Vasuvat. In this type of broatl-based terrace you on the backslopes? 
use a machine for construction but I think the 
machine has a slope limitation. If the slope is very Wittmuss. We have triedi many. I suppose we 
steep, you c(aonot .ise a machine. So, that is the would prefer to see native grass plantings but gener
slope limitation, ally we use bromegra,;; because it is better adapted 

Wittmus. The slope limitation on the front slope to our climatic conditions; even if we plant native 
is 6:1. If we .',rk the thing on a computer and grass the bromegrass would probably take over. 

it gets steeper than 6:1, then we use what we call Unidentified. Doesn't what we've seen here about 
double-base. We lengthen out the base. And usually the intercropping suggest very strongly that those 
we make the riser two widths because in time the grass backslopes and waterways could be used for 
terrace tenls to build up and the width becomes tree crops? 
narrower and then you can't get around that with Wittmuss. Well, on the waterways you couldn't
a machine without going over the edge. If we make if you could drive through them it would be all 
it two widths we can make a double pass. right. You see, you have to drive through a grass 

Unidentified. What is the maximum slope that waterway. Now on the :; ackslope you don't have 
you can put a broadbased terrace on? to. You could use it for some crops that wouldn't 

Wittmuss. On any .;lope, but I don't like to go have such an extensive root system. 
over 15'. D. Plucknett (Hawaii, USA). They would have to 

Unidentified. What would be the maximum per- determine which crops would relate to the row crops, 
centage of slope that you could put one on-15, such as dwarf apple trees. 

Wittmuss. Well, they certainly could b, and it 
Wittmuss. I think in our area, there's an economic would give you better protection. It stabilizes soil 

limit, probably better than grass. Another thing, one of 
Unidentified. He is asking for the maximum per- the problems with a lot of grass waterways with 

ceolage slope since the slopes that he was showing herbicides is that the herbicides take out the grass 
were 50%. Would you put a broadbase terrace on and then we have a real problem because we have 
that? no protection there. 
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Traditional Slope Management: An Analytical Approach*
 
G. C. Wilken 
Colorado State University, Fort Collins, Colorado, USA 

Several characteristics of slopes distinguish them 
from other farming environments. Best known are 
debris transport forces as manifested in mass transfer 
and various surface water flows. These gravity-
driven forces are dependent upon differences in 
elevation and are the same everywhere (Carson and 
Kirkbv, 1972). 

Most farming practices lower resistance to debris 
transport. Original clearing and subsequent cultiva-
tion reduce miigating effects of vegetation on surface 
flows and soil crosion. Tillage loosens surface mate-
rials and weakens shear resistance to soil removal. 
Successful slope farming requires compensatory 
practices that decrease or interrupt overland flows 
or reduce gradients. Such practices. no less than 
farming itself, involve expenditures of energy. 

This is the essential dilemma of traditional or 
non-industrial systems. Natural forces are the same 
in all comparable environments. But traditional 
farmers lack the concentrated power of fossil-fuel 
driven equipment and must seek solutions to slope 
management problems within the severely limited 
capacities of human and animal power units.' 

to divide tasksOne solution is to reduce scale, 
%into maaebeunits thtcan beacmlseintomanageable s broup.accomplishedlythat e 

individuals or small groups. Equipment sets limits 
to scale reduction: hand tools are most flexible, 
animal-drawn equipment is more space-demanding. 
Thus there is a conflict in traditional systems be-
tween relatively space-expensive animals and ardu-
ous human work. But in addition, there are no 
suitable animal-powered tools for many operations 
such as lifting and fine excavation. For these reasons 
a high proportion of traditional slope management 

is done with hand labor. 
Massed labor offers another solution. If adequate
Masedlabor lies raproter solio l gade 

labor supplies and appropriate socio-political organ-
izationsexist, there are few projects that hannot be 
accomplished entir.ly or substantially with human 
labor. But slope management does not exert the 

"Research supporled by grants from National Science Foundation 
and Social Science Research Council/American Council of 
Learned Societies. 

'An operational definition of traditional farming based upon 
power sources is better suited to a discussion of slope manage
ment than socio-economic distinclions embodied in such lerms 
as peasant-, subsistence-, or small-farmer. 

organizing influence of water management (Witlfo
gel, 1972) and even where labor is abundant, institu
tional requirements make this solution available to 
only a few societies. 

With this brief introduction we shall now consider 
a few traditional approaches to slope management. 
Objectives are the same as in any system: to impede 
downslope movement of soil, conserve waler, or 
create planting surfaces where other resources can 
be controlled. Specific techniques are presented as 
illustrations for a set of maxims or principles of 
traditional slope management. Examples are all from 
Middle Anerica. Data onI labor inputs permi coin
parison of relative costs of various slope treatments. 

MAXIM 1: DO NO MORE THAN NECESSARY 
In many instances only slight slope modification 

isadequate to achieve acceptable levels of control 
of surface runoff. In fact. the most extensive slope 
management systems in Middle America consist of 
sloping terraces on which original gradients are 
changed only sightlyor not at all. They range from 

c hng o re t l notks l aid fromor 

nothing more than rows of logs or rocks Ia id Iperpeni
dicular to gradients to more elaborate earth or rock 
embankments (bordos). often reinforced with eco
nomic plants, and paralleled by drainage ditches 
(zanipas). 

The drain embankment (zanja-bordo) system 
shown in Fig. 1 is typical. Trapezoidal drains are 
laid out along contours, then precisely cut with 
shovels, pickaxes, and spades. Excavated material 

is piled immediatel uslope in geometrical bordos 

and planted to youing maguey' (Agavte spp.). Tlerrace 
widths depend upon slope gradient, soil texture and 
depth, and intended use. Representative wilths on 
moderate (1 to 10%) slopes might range from 10 
to 30 m, to 3 m or less on steeper (tip to 25%) 
slopes (West, 1968). Although sloping terraces are 
not customarily leveled, they develop modified gra

dients from natutral a,d cultural processes. Thts 
deposition builds up behind embankments, and, 
consistently turning furrows downhill, transfers soil 
in that direction and redces gradienIs. 

Field observat ions corroborated by figures from 
Mexican government public works projects provide 
reasonably reliable data for estimating labor require

ments. Workers are paid on the basis of /areas or
 
journales, a fair or normal amount of work that can 
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Figure 1. Sloping terrace (zanja-bordo). 

be clone in six hours. Table I presents representative sloping terrace construction would fall into a range
work quotas for central Mexico. Within the indicated of perhaps 50 to 70 man-days per ha. 
ranges, precise amounts are cdetermined by specific It would be possible to calculate monetary labor 
conditions. For example, workers may be assigned costs simply by multiplying prevailing wage rates 
10 linear m of zanjas in heavy clays, but 15 m of by number of man-days. But most traditional slope
clay layers account for only the bottom few centime- management is undertaken by individual farmers 
ters of a (Irain inotherwise loamy soil. and their families, perhaps with a few friends on 

an exchange labor basis, and only occasionally with 
hired hands. The cost is more realistically represent-

TABLE 1. Daily tareas for Zanjo-Bordo ed by the 50 or 70 days it takes to treat a ha of 
construction (6-hour day) 	 hill land than by monetary wage equivalents. As 

one Otomi Indian puts it, "bordos don't cost money; 
Fl',ats in CubiC Meters they cost work" (Haring, 1974).

Type of Material Linear Meters (Area =o:u 111-) There are many situations where sloping terraces 
achieve acceptable levels of water conservation and 

Soft soil 20-25 7-9 debris transport control. Compared to other manage-
Compacted clays 10-15 31/2-51- ment treatments, labor costs are extremely low. Entire 
Tepetate 5-10 2-31/2 farms can be terraced for relatively few man-days
Rocky 1-5 .-2 	 of labor and easily maintained by individual farm

ers., 

Although far from complete, the data permit some MAXIM 2: MINIMIZE SCALE 
preliminary analyses of labor requirements. With The ultimate in traditional slope management is 
represenlative average terrace width of 10 m and reached in flat or bench terraces which completely
allowing an additional 10% lelgth for contour sin- transform slopes into level fields.:' But bench terraces 
uosity, a ha of hillside would have a total of 1 100 involve significant transfers of material, one of the 
linear m, involving excavating anl transferring a 
total volume of (0.36 mLnx 1 100 =) 396 i :' ofmaterial. "l'ohtal labor in vestin en t wouli d v.ary' fromn 	 tlhe mait N nof iniImum expend ihor of effort does not preclutde 

careful work evenor labor for social rather than economic44 man-days in soft or sandy soils to more than rewards.
 
100 days in hard tepetate, a consolidated tuffacious 'Although beoch terraces are not unique to traditional farming,

material. Since this type of work usually is not they generally are not recommended for industrialized systens
 
undertaken on rocky slopes or in pure tepetate, most (Schwvab et al., 1971); USDA, 1954.
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Figure 2.Flat or bench terrace.
 

most difficult tasks faced in low-energy societies. 
Since on agiven slope, volumes ex:avated increase
 

geometrically with terrac~e %vidths,tradlitional farm-
ers tendl to keep benc:hes aisnarrow, as possible.
The cross-sectional are, of a ypical ench terra e 

shown inFig. 2 is 0.25 m .At th indicated spacing 
and gradient lbout37 ties of terraces are needed 


to cover 100 m of slope. Allowing an additional 
10% for contour sinuosity, each hillside ha would 
require 4070 lineal m of terrace. Total volume to 
be cut and filled is slightly more than 1 000 m'. 
The result would be more than 8 000 m- of flat fields 
on what had been sloping hillsidu,. 

Farmer estimates for excavating, filling, and form-
ing micro features (e.g., heel drains. borders) on 
terraces of these dimensions cluster in the range 
of 20 to 25 lineal m (5.0 to 6.25 in') per (-hour-day 
in soft soils. In heavier clays, constru(;tion rates drop 
to 10 to 15 m (2.5 to 3.75 m') anti in rocky soils 
or tepetate to 5 to 10 (1.25 to 2.5 in') per man-day. 
Equivalent volumes are lower than those developed 
for sloping terraces (Table 1) since greater care is 
necessary in shaping and compacting flat terrace 
fills and forming micro features. 

At these construction rates, total labor investment 
could run to more than a man-year per ha, probably 
more than most traditional farmers can afford. One 
solution is to make these already narrow terraces 
even smaller. By reducing bed widths and riser 
heights by half, twice as many lineal meters of terrace 
are needed to develop the 1 000 m! of flat planting 
surface. Total volume excavated, however, is only 
about 500 m:' per ha. If total labor investment is 
not halved, at least it would be reduced significantly. 

eut=O.25m.2 \ 

MAXIM 3: WORK WITH GRAVITY 

This approach was first suggested ill the disc:ussici, 
of sloping terrac:es wvhere so~me gradlient modtification 
was achie',ed by erosion and deposition. Silt-tril
 
terraces and stream.ay check dams throughout
 
Middle America use the s'mi principle to create
 

level fields and add fertile deposits. larmers in 
western (;uatemala go a step further and use gravity 
to help till much larger areas than they ordinarily 
could. 

Basically, Guatemalan unirrigated hoe terraces 
(tablones)are bench terraces. Flat or slightly convex 
beds 0.5 to 1.5 in wide rise in tiers 0.2 to 0.11 in 
high. Riser backslopes vary with gradient, from near 
vertical on gentle slopes to 1'21 o steep hill-sides. 
Wheat is the most cormmon temporal (rainfall) crop 
bil maize and broad beans (Vi:la fahb) also are 
popular. 

Narrow tablones are forme(d anti cultivated solely 
with broad hoes (azadones), the universal farming 
tool of this region. Tahl6n beds are not tilled prior 
to planting. Instead risers are shaved off and the 
dislodged material is pushed( and pulld across 
benches burying old surfaces under a layer of loos
ened soil (Fig. 3). For wheat, farmers strive for 
a layer about 5 cm deep. As soon as a few liers 
of tabl6n have been prepared, seed is sown and 
covered (Iapado) with an additional 2 cm of soil 
shaved off the riser. In lhe example illustrated in 
Fig. 3 about 12 /2cm would be shaved off to produce 
the total of 7 cmiof soil spread over tabl6n surfaces. 

This method of plot preparation has several ad
vantages. Erosion potentials are greatly reduced 
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WILKEN 
- would involve cutting and transferring 25 to 30 m:' 

of soil per day, considerably more than is possible 
"10% with ordinary shovel excavation.

MAXIM 4: MANAGEMENT IS A PROCESS, 
NOT A PROJECT 

Scheduling project phases and completion dates 
-80M.-.. is a luxury of industrialized systems. Lacking control 

Figure 3. Tablon tillage. over large power units (and many other variables)traditional farmers must think small, of incremental 
changes over long periods of time. Extensive terrac
ing or erosion coiitrol may be undertaken with littlesince old compacted terrace surfaces, complete with thought as to pace of work or final completion. Thusdry or burned stubble and residue (basura, literally many traditional slope management activities regarbage), and root systems from previous crops semble ongoing processes more than fixed projects,remain intact. Only a thin layer of loosened soil especially where total labor costs are high.
is exposed to splash and sheet erosion. Organic 
 Terrace valls, for example, are extraordinarilymaterials and ash are interred at root levels of the labor-expensive to build. Direct data are not availnew crop. Layers of loosened soil may suppress weed able. But from studies of rock check dams (Herold,growth. Since soil from the whole riser is incorpo- 1965), building wall construction rates (Erasmus,rated into planting beds each year, all soils are rotated 1965), Mexican public works quotas, and my ownon a long-term basis. The terraces shown in Fig. field observations I calculate that farmers can lay3, for example, would be completely rotated every dry stone walls at somewhere between 1 and 2 m:'6 or 7 cycles, per day if suitable materials are at hand. But materialsBut most important, the system requires much less transfers also are expensive. From Table 2 iteffort than would digging up terrace beds. An expe-

is 
apparent that if wall materials are only 100 m distant,rienced azad6n wielder can prepare 100 lineal in construction times could double. Mortaring requiresof terrace an hour. With steady work, farmers expect additional time. With insufficient data I can onlyto till, sow, and cover a cuerda (ca. 440 m") of tabl6n guess it might reduce construction rates by 50 toin a 5-hour working day. In the example given this 75%. (Fig. 4). 

6000
kg. 

5000 I 

4000 

3000 

2000 

1000 

II I I I I I I I 
0 t00 200 300 400 500 600 700 800 900 1000 moters 

Figure 4. Distance-load relationships for human carriers. 
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TRADITIONAL SLOPE MA NA GEMENT 

TABLE 2. Materials transfer rates by human carriers (6-hour day)' 

Total 	 Avg I. .Total WI. TotalTrip 
Distance Fotal Distance Carried Carried Volume 

Trips (round trip, ki) per trip (kg) (kg) Carried' (in')(one way, m) 	 Mtateriail 

23.4 20.2 4 716 3.6350 earth 234 

100 varth 134 26.8 
 19.9 2 672 2.06 

250 rock 39 11.5 27.9 	 1 088 0.76 
575 0,40500 rock 23 23.0 25.0 
586 0.41750 rock 	 17 25.5 34.5 

13 26.0 22.7 295 0.201000 rock 

'After Eramus, 1965. Rock data adjusted from 5- to 6-hotr day.
 

"Volumes calculated: 1 in= 1 300 kg earth or 1440 kg rock.
 

If an overall range of 0.25 to 2.0 m' per day is controlling erosion, conserving moisture, and facili

within reason, then 100 tn of modest, meter-high tating cultivation. In addition, this form of terracing 

wall 20 cm wide at the top and 80 cm at the bottom has some unique advatages. Unworked portions 

(area = 0.5 m2 ) would take from 25 to 200 m an- d a y s  of slopes remain at original gradients and under 

to build. To erect walls over a hillside would involve vegetation, thus reducing erosion hazards. Irrigation 

very large investments of time and effort indeed. water delivered through small canals or tubes is 

If terraces are leveled, additional lahor is required confined to itn mediate tree areias and witer ise is 

for arduous materials transfers. I suggest that nost minimized (Ohreg6(i Formosa, 1973 ). 

traditional walled terrace systems were built slowly, But most important, since reorganiza tion of surface 
geometry is kept low. little laluor is necessary. Forin small increments, over tens or even hundreds 

of years. example, it would require e(xcavating less than 0.2 
m' to construct one of the cepas sb wn in Fig. 5. 

MAXIMS ARE NOT MUTUALLY EXCLUSIVE At indicated spa:ings, each hit would haveitabout 

A final example will demonstrate how slope con- 722 cepas. Assuming lalbor r:;ti:, tire siltr to those 

trol techniques often embody several principles of for bench terraces, it ,vomld take only 23 to 511 
traditional management. In Middle America various man-days to construct pit terraces in it hit of hillside 
types of small, discrete, or pa"tial terraces are used orchard. 
when soil or crops are not continuous. Circular pit Scale is small. In new orchards circular areis only 
terraces (cepais) around individual trees in hillside slightly larger thai seedling crowns are leveled. As 

orchards are common and will serve to illustrate. trees grow, terraces are enlarge(l. Stich phased 
Cepas are constructed by cutting and filling just expansion suggests something of Ie process rather 

as are ordinary flat or bench terraces (Fig. 5). They than the proje:t iapproaich. Materials transfer from 

perform all customary terrace functions such as 	 cot to fill are downslope, assisted lty, gravity. On(e 
formed, (:epas trap surfac:e wash atnd deltris to enrich 
immediate tree areas. Thus the several rules of 
traditional slope control find expression in a single 
management form. 

-, .,CONCLUSIONS 
- .. " . :--Despite 	 power limitations, traditional farmers are"~L_. q. 

-, ..... capable of impressive results in slope 
--- 2 m 

, nanagement. 
For examph, over the years thousan(Is of ha of 

B mountainLus Midlle America have been molded into 
, ,-' -. - forms which, if propt'rly maintained, effectively 

control erosion, conserve moisture, and cr(eate lro
ductive fields in areas otherwise marginal or un
suitable for farming. When conditions are right, hand 
labor c;an achieve resulls equal or even superior to( (\ 'i ) powered equipment. 

Th,! two systems are not incompatilble. For some 
tasks, such as long-distance transfers and compac-

Figura 5. Pit terraces (cepas). tion, powered equipment is best. For others, such 
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as fine excavation on narrow bench terraces, hand DISCUSSION 
labor may be sup,. :,cr.Traditional methods of slope Unidentified. Are there terraces laid off just by eye 
management should be viewed as an alternative 
technn!ogy, to be evaluated in relation to environ- or do they try to do it exactly with some instrument? 
mental and socio-economic conditions, and t t Wilken. Some of these farmers now are getting a 
tasks at hand. simple bu bble level to help their work. Before they 

B3uti a cautionary note is in order. Hill farming ju(ged by eye, and on occasion on the bench terraces 
and management partially destabilize slopes. With when they had a little heel drain on it they'd bring 
original vegetation removed and gradients modified, a little water up and it will flow along and they 
(hegradational forces are held in check only as long get an idea of the gradient from the running water. 
as control forms, such as terraces, remain intact. That's the t ra(litional way they handle this, 
Constant surveillanceand maintenanceare necessary H. Wittmuss, (Nebraska, USA). They have these 
to prevent failures that can result in rapid deterio- systems quite well developed. If for some reason 
ration of entire slope sys;teins. But maintenance, like for one year they would fail to keep it up-say they
original construction, requires effort. Since tradi- would not plow the row seriously-what happens 
tional systems depend upon humans Ibot h for man- in those cases? Is it stable enough in these situations 
agenient and for power theyare particularly sensitive you're showing us that this will be continued year 
to social, political, or demographic disruptions that after year with no break down in usage? 
might redu::e labor available for maintenance. Some Wilken. I was wondering if I could conjure up the 
of the worst erosion in Middle America has occurred idea here that we're talking about land and we're 
in regions once intensively managed but subse- talking about population densities which at one time 
quently neglected or abandoned (Spores, 1969; West, 	 provided the incentive for maximum usage, but on 
19(). 	 the other hand it also is supplying whole energy. 

They have the energy source that drives this system. 
Yes, you can get a family which for some reason 
is in trouble, somebody gets sick or something, and 
the field goes fallow and they can get into trouble 
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these very carefully managed plots. In the very 
terraces they get theextensive handmade drain 

year and this remains at thestubble from each 
surface, another erosion prevention system by the 

way. In some cases, they get a little dressing, usually 
not much. I'm not sure about this but I suspect there's 

fallow system with forests. There 
avery long-term 

seem to be woodlots in that area and I suspect that 

those are rotated around so that on a 20-year cycle, 

those terraces may go into woodlands and then back 

out again as farms at some other period after that. 

I have not been able to look at that system long 
to know if that is true but I'm suspiciousenough 

of these woodlots that show up right in the middle 

of wheat fields. Some of these woodlots are growing 
concludeoin old terraces. The only thing that I can 

is that the trees are allowed to grow in a long-term 
rotation. 

H. Wang (Republic of China). You mentioned a 

circle terrace. According to our experiments, if it 
just approaches a circle, which we call an individual 
basin, then compared with untreated soil the soil 

the same if %01.1 combine hill sidelsisalmost o hloss is eove ro. 
Ii tch iand some covercrop. 
Wilken. Yes, in those pit terraces or circular terraces 
the rest of the slope remains either in natural vegeta-
tion or is seeded in something else. I guess I'm not 
following from that argument. The terrace of course 
is exposed. That's bare soil which is cultivated, 

so actsfertilizers are added to it, and on. It also 

as something of a collection basin. 


use human wastes?
Unidentified. Do they 

but in these villagesWilken. Not systematically, 
or even outhouses andthere's no sewage system 

the fields are used as toilets. So, there is an incidental 

fcrtilizing going on. 

use such wastes in pre-Unidentified. Did they 
Columbian times?
 

Wilken. Yes, in some creas. I know specifically only 

of oe(area of Central Mexico where human excre

ment from a large metropolitan area was systemati

cally collected and taken out into the fields. 

Unidentified. Was that Aztec? 

it from the Aztec capital andWilken. Yes, came 
it was carried by canoes down to the famous Chalco 

district and spread. 

E.J. Ravalo (Puerto Rico). Those bench terraces 
appear to me to be very labor intensive. How many 

acres can a man mairtain? 

Wilken. Those bench terraces-the type we saw 
there-let ie take just i horseback guess on this
there's the trocess of shaving off the face to get 
thr'thpr(esosavnoftefceogtaadmplanting bed. then the seed is sown, then they 
shave off a little more to cover the seed. It's a 

two-cycle operation and to (:ompletely till and plant 
they figure one cuerda per ini per (lay-that's about 
400 sq m per man per day for these hench terraces. 
Now the actual terrace formation will take longer. 
But the terraces themselves last for years-they're 
not dug up each yeatr, they're simply renewed essen
tially. And I'm talking about 6-hour days as the 

normal workday. 

75A. 
Use of Aerial Techniques for Pasture Improvement in the 

Hill Lands of Iran 
M. H. Campbell and A. Eshqhi 

N.S.W. Department of Agriculture, Orange, Australia, and Ministry of Natural Resources, Saltanabad, Tehran, Iran 

Iran has 18 million ha of hill land with a relatively 

favorable climate for pasture growth (precipitation 
more than 400 mm per year) (Niknam, 1970). The 

hills have precipitous slopes with thin rocky soil 

(Shaidaee, 1974). Overgrazing, burning of all com-

bustible species (Pabot, 1967) and plowing for crop 

production (Shaidaee, 1974) have destroyed trees 

and pasture, caused catastrophic erosion and ex-

tendled the desert. 

Pabot (1967) suggested that the hill land could 

be improved by prohibitinggrazingand broadcasting 
forage seed. lowever, he warned that sowing with

out land preparation could only lead to failure, 

except in certain humid parts of Iran. Despite this, 

it was imperative that the use of aerial techniques 

for pasture improvement be investigated. Such tech

niques might halt the destruction of the hill land 

pastures. 

422
 



CAMPBELL AND ESHQHI
 

In 1975, in response to an order from His Imperial 
Majesty, the Shahanshah Aryamehr, an investigation 
into the use of aerial techniques for pasture improve
ment of the hill lands of Iran was begun (Campbell, 
1976). Seed and fertilizer were distributed on un-
plowed land typical of the more humid xerophilous 
forest zone of Iran. 

METHODS 
Sites 

Four sites were selected in Kurdistan on the Zagros 
Moounta ins near Sanandaj (western Iran). Latitude 
was 35') N and longitude 470 E. Sites 1 and 2 were 
34 km southeast of Sanandaj and sites 3 and 4 were 
:10 km west. Site 1 was a hill with three ridges 
and four dissecting valleys. Site 2 was an unplowed 
hill (42% slope) and an adjoining flat (5% slope), 
part of which had been plowed and cropped in 1974 
and another part plowed anI cropped in 1975. Site 
3 was on a steep hill with an amphitheatre shape 
(replication 1 ) and the adjoining ridge (replication 
2). Site 4 was on both sides of a ridge running ENE; 
one si(e faced NNW and had many animal paths, 
the other side was more heavily eroded with no 
animal paths (Tabhle 1). 

Climate 

The ara has a cont inental climate with hot, ry 
summers; warm, dry autuns; (col, moist (snow) 

moist springs (Table 2). Precipi-winters; and mild, 
tlation before the experiments were sown (sommer 
and autuin, 1975) was low, but was above average 

d sringt .establishment of the sown species (winter 
amll spring. 197(i), 

Soils 
The soils, classed as lithosols and derived mainly 

from limestone, were very loose and soft, stony, 
shallow over bedrock, without profile development, 
alkaline (p11 7.1 to 7.7), low in organic matter, high 
in available phosphorus (16-25 ppm-Olsen test) 
and moderate to high in total nitrogen (0.12 to 
0.24 % ) 

Treatments 
The treatments imposed on sites I and 3 were: 

1. Double seeding-half the seed sown in early 
November, 1975, and half in early March, 1976. 

2. Fertilizer-100 kg/ha of both triple superphos
phate and sulfate of ammonia were applied in early 
November, 1975. 

3. Double seeding + fertilizer-fertilizer and half 
the seed applied in early November, 1975, and the 
remaining seed in early March, 1976. 

4. Single seeding + fertilizer-fertilizer applied 
in early November, 1975, and all seed sown in early 
March, 1976. 

5. Control-no treatment.
 

Treatment 3 was applied to sites 2 and 4.
 

Seed and Fertilizers 
All seed was treated with chlordane to reduce 

losses due to seed-harvesting ants (Campbell, 1966) 
which were observed on the sites. Only the legume 
seed sown in November was inoculated with Rhizo
bium spp. The species sown, seeding rates and 
percentage viable seed are shown in Table 3. Seed 
and fertilizers were dropped by helicopter from 30 

m at 60 km/hr, and the swath was marked at 25 

m widths. Because of the rugged topography, some 
seed was (ropped on ridges from 30 m and some
into the adjacent valleys from 100 m or more. Seed 
sown in November, 1975, fell on dry soil. Little rain 
haIbeen reeive since April. 1975 (Table 2). Seed 
sown in March, 1976, fell on 0 to 10 cm of snow. 

Triple superphosphate and sulphate of ammonia 
were applied at 100 kg/ha in early November, 1975. 

Management 
Sites I and 2 vere grazed for two days after sowing 

in November to try anti incorporate seed into the 
soil by treading. Sites 3 and 4 were not grazed after 
sowing. The sites were fenced and were not to be 
grazed until the sown species were considered to 
be resistant to grazing damage. 

TABLE 1. Sites chosen 

Site Site Site Site 
1 2 3 4 

Arca (ha) ft 15 35 32 
Ploi size (ha) 6.8 2.5 and 8 Rep. 1= 5ha NNW = 17ha 

Rep. 2 = 2ha SSE = 15ha 
General aspect ESE WNW NNW NNW and SSE 
Slope (') 2H5-51 5-42 45-65 37-67 
Alttitude (in) 1600-1 900 1(610-1 (70 1 510-1 750 1 480-1 630 
Animal patis few rmany rmany NNW = many 

SSE = nil 
Proportion (f tare ground 80-90 40-90 fi0-810 NNW = 50 

in ilt suniner, 1975 (%) SSE = 99 

423
 



PASTURE IMPROVEMIENT IN IRAN 

TABLE 2. Monthly climatic data for Sanandaj (altitude 1 540 m) 

Screon hvniperatturcPrecipihation 

1976 A veragv 	 I97fiAverage' 1975 

Max. Mill. M,1X. Mm.Month 

IC7tinm 

40.0 5.3 - 5.0 1(.7 - 2.6
January 	 73.0 

7.3 5.7February 57.1 	 63.6 7.7 - 3.4 
10.2 1.7

March 75.6 20.0 82.2 13.5 1.4 

April 116.8 121.7 103.3 17.4 4.9 18.6( 4.3 
9.6 2"1.9 7.2May 	 41.7 1.0 53.0 24.5 

1.1 0 	 31.6 13.8June 
35.7 111.7July 0.7 0 

August 1.3 0 34.8 17.6 
3(.9 12.4September 0.9 13.7 

October 20.7 0 23.5 7.0 

November 47.0 42.4 15.1 1.11 

December 47.9 56.0 8.7 - 2.5 

Total 454.5
 

1960 to 1974 incluske.
 
'196(} to} 1971 inclusim-, 

TABLE 	3. Seed mixtures sown on the plot3 and RESULTS AND DISCUSSION
 
germination capacity of the seed Establishment
 

rlt.dI (;ool establishment of sown spec;its was ac:hiev,'ed 
Su,..i ,'ilO. of at vat:h site (Table 4). Signifit:ant (liffereces hetweeri 

raihle sown treatments (1, : al(l 4) at site 3 were not 
Nov.. Mirch, Viahl suel (:hi:rly tefined be:ause the sensitivity of the e Xperi

S~cits 1975 1 71 seed sown ment was limiofd h- having only two replit:ations. 

No statisticii analysis :oul he :arried out on the 
kg/ha kg/ha results at site 1, because light breezes spread seed 

down the hillside into treatments (2 and 5) thatAgropyron 
to sow.desertorum 1.0 1.0 72 1.4 it was 1{ot intended 

ol the sown spec:ies atA. cristaturn 1.0 0.87 54 1.1 Per:entage establishment 
Bromus inermis 1.0 0.87 63 1.2 site 3 (Table 5) cormpared well with results oif 
B. totnentellus 1.7 1.26 45 1.2 experime1nts dhone in Australia (Camipbell, 1974 ). 
Dactylis glomerata' 0.5 1.1 53 0.8 
Medicago sativa 

(Ranger) 0.8 1.8 89 2.3 
Factors Affecting EstablishmentM. sativa 

(Hamadan) 0.8 1.4 77 1.7 Location. Establishment appeared higher on sites 
Onobrychis 3 and 4 than on sites 1 anti 2. Whether this was 

viciffolia 1.5 2.2 63 2.3 due to higher precipitation on sites 3 and 4 than 
poterilm 2on sites I and 2 :oul not be ascertained as there 

sanguisorbat - 2.1 - 2.3" were no reliable climatic data for each area. It does 
Total 8.3 12.6 14.3 sutggCst that results 	 of aerial sowing will vary in 

zones of Iran.
'Cultivar, Currie, from Mediterranean introduction to Australia. the different rainfall 

'Total amount sown-viable seed not ascertained. Aspect. Establishment on the sotn:u, rly and north

erly aspects of site 4 was comparable indicating that, 
Measurement providing precipitation was adequate, aspect had 

Establishment of sown species and botanical little effect on establishment. However, aspect could 

composition of the pasture were measured in June, affect persistence-greater persistence being proba

1976, by counting the number of plants present in ble on northerly aspects. 
0.5 m quadrats (2 to 5 quadrats/ha) and by measur- Slope. Establishment did not appear to be affected 

ing point quadrats distributed along one or two by slope, possibly because of he gentle precipitation 

transects through each plot (Campbell, 1974). in winter and autumn, 1976. No doubt heavy rainfall 

424
 



CAMPBELL AND ESHQHI 

TABLE 4. Establishment inJune, 1976 (Mean number of plants 
per 10 sq m, adjusted to the nearest whole number) 

Site treatment Agropyron Ilroinus Daclylis Medicago Onobrychis Poterium 

1. 1 Double seeding 5 21 16 59 27 17 
2 Fertilizer 3 4 4 5 1 5 
3 Double seeding i fertilizer li 18 29 46 17 16 
4 Single seeding i fertilizer 14 9 17 20 8 6 
5 Control 4 5 8 15 6 2 

2. 	 Ulnphowed hill 3 12 15 41 35 24 

Old cultivation 5 5 5 31 17 5 
New cultivation 2 24 24 66 20 10 

t t t t t t 
3. 	 1 Double seeding 40ab 58a 101a 149ab 21b 66a 

2 Fertilizer 7c 9b 14bc 7bc 3c 2b 

3 Double seeding + fertilizer 75a 87a 194a 373a 33a 73a 

.1 Single seeding I fertilizer 26b 56a 75ab 92abc 251) 61a 

5 Control 6c 5b 8c 1c Ic 12b 

4. 	 SSE face 62 112 150 172 35 35 
NNW face 34 85 185 217 19 38 

tWithin each column for site 3, values followed by the same letter do not liffer (P > 0.05). Analyses were based on square 

root transformation of the numbers. 

TABLE 5. Percentage establishment of viable seed-site 3 

Treatments Agropyron Iromus Dactylis Aledicago Onobrychis Poterium 

Percent 

I Double seeding 	 3.7b 9.aa 10. 6a * 8.5a 22.9a " 31.4a 

2 Fertilizer 0.5c 1.5b 1.51) 0.41b 3.3b 1.21) 

3 Iouble seeding + fertilizer 5.6a 14.5a 20.1a 21.2a 36.4a :5.0a 

4 Single seeding + fertilizer 4.1b 20.0a 10.7a 7.7a 45.1a 29.3a 
5.71)5 Control 	 0.5c 0.1b 0.91) 01b 1.11) 

' Within each column, values followed by the sarme letter do not differ (1)> 0.05). Analyses were based on the angular transformation 

of the percentage establishment. 

would reduce establishment by removing loose soil used to reduce competition, but this would be costly. 
and seedlings, particularly on the steeper slopes. Very loose soil appeared to reduce establishment. 

Microclimate and competition. It was observed However, establishment was good on soil surfaces 
that establishment was assisted by bare soil, animal only slightly more compacted. These soils appeared 
paths, bare waterways and rock screes, but depressed susceptible to frost heaving which could reduce 
by competing plats. No data were collected on these establishment. However, the number of frosts in the 
observations, first 5 months of 1976 (91) was greater than normal 

Good esta)lishment o:curred on hare, small-stone (64); 50 seedlings withstood substantial frost effect. 

screes. If the sown species (:an persist, this finding Seed sown into old or new cultivation sites (Table 
is important because much rangeland in Iran has 4) established only moderately well, which we 

s(:ree inicrotopography. attribute to very loose soil on tit 'ormer and strong 
Competition, especially from Poa bulbosa,reduced competition from wheat o the latter. 

establishment. Where the percentage ground cover Time of Sowing. Establishment was achieved from 
of resident species in early summer-the season of both the November and March sowings indicating 
maximuim ground cover-was over 50 A1, establish- that, in the 1975-76 season, sowing any time between 
nient appeareod to be reduced. Herbicides could be November and March would have proved successful. 
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estab- Iranian pasture species are adapted to hot, drySeason. The 1976 spring (Table 2) favored 
lishment of aerially sown seed. H-owever, as precipi- summers. Thus, if the species sown in this project 

tation in winter and spring in Iran is rel-itively cannot persist, other species (Anon., 1970) and 
be tested to findI a combinationreliable, there is a good chance that establishment treatments should 

can be achieved regularly, which is successful. 
Fertilizer. Although fertilizers appeared to in-Pests. As seed-harvesting ants were active on all 

sites in November, 1975. it was necessary to treat crease the establishment and vigor of the sown 
not he evident untilseed with an insecticide to reduce losses. Rodents species, their full effect will 

and birds took aerially sown seed in USA (Nelson spring, 1977. 
et al., 1970), but there was no evidence that animals No fertilizer effect was observed on resident spe

in Iran. cies from ground observations hut, from the air, stripsook seed 

had nodules of darker green foliage were seen. On areas with
Nodulation. Most legume seedlings 

despite the November. 1975, sowing being broadcast sparse pastures, no fertilizer effect coul be expecte(. 

into dry soil. These nodules appeared to result from Where resident species were dense. the effect was 

native rhizobia, which is not surprising as the soils on herbaceous species, since few valuable grasses 

were alkaline and six species of resident legumes and legumes were present (Table 6). 

were present. Resident species. The resident species on the 

Growth. Most seedlings present in june, 1976 had experiments in early sunmer, '1976, after seven 

from 2 to 6 leaves with some having 20 leaves, months without grazing, consisted mainly of herba
ceous species with some perennial grasses and fewSeedlings were generally larger where the soil was 

bare, deep or fertile, where fertilizers were applied legumes and annual grasses (Table 6). 

or where water was well supplied. Aerial operations. The project showed that fertil-

Species. The results showed that grasses, legumes izer and seed can be effectively distributed up to 

and herbs can establish in Iran from aerial sowing. 1900 m altitude in the rangelands of Iran. The main 

The species sown were those with seed available, advantage of using a helicopter was that airstrips 
were avail- did not have to be prepared. Assessment by experi-Others which could be suitable, if seed 

able, include: Secale monantuml, Hordeumn bulho- enced rangeland pilots .iuggested fixed winged air

sum. H. fragile, Stip;i barbata, Agropyron tauri, craft coJid also be used successfully, 

Iranian cultivars of D. glomerata, Festuca ovina, The results indicate that pasture species cian be 

Astragalus siliquosis, A. cicer. Vicia villosa and established from aerial seeding in the hill lands of 

selected Iranian annuals. Iran. Final assessment of results can only be made 
sown species has beenTrampling after sowing. Establishment on sites after the persisten(ce of the 

3 and 4, which were not trampled, was extremely ascertained. tHowever, the initial results are :3uffi

good, in(licating that seeds can enter the loose soil ciently successful to indicate that further investiga

of Iran's hill lands without trampling. tions on aerial seeding should he made in Iran. 

Persistence. The ability of the young plants to 
survive the next few years will determine the success REFERENCES
 

of this project. In range seeding in the USA, heavy Anon. 19711 Pasture and forgie crop investigation. Iran, Tech.
 

losses occurred after establishment (Plummer and Rept. 1, UN Developmnt Program. F.A.O., Rome.
 

Fenley, 1950; Hull, 1974); however, sufficient plants Campheil, M. It 1966. Theft b%, harvesting ants of pasture seed 

roiocist in uploweid ground. A st. I. Exp. Agr. An. tlush.
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TABLE 6. Percentage ground cover of resident species in June, 1976 

Site Perennial' grass Annual" grass Legume' Iterl" Bare Sown species 

Percent 

1 4.0 1.3 2.2 21.6 70.8 0.1 

2 21.0 2.5 2.5 30.0 4a.1(0 . 

3 9.4 2.7 1.6 26.7 511.4 1.2 

4 7.5 7.0 1.0) 24.5 57.5 2.5 
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eranhelirn pilifernin.
l'Bromus danthoniae, II. squarrosa, A, lectoruin, Eretmopoa persi:d, Ilenrardia persica, Ih.f 

'Astragalus stevenianus, many other Astragalos spp, Medicago radiafa, M. rigidula, 'rigonella arcila, Vicia villosa. 
"Achillea santholina, Aethionvoa grandiflora, Anitchusit sp, centaorett bhen, C. virglh, Coosinia spp. I'chinops spp, Euphorbia 

spp, Onosna sp. Salvia multiaulis, S. syria:a, Shabiosa plastinia, Thytimus rigidula, "l'urgeniahtiflia, Zizphora rigida, Zogea htplurvd. 
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75B. 
Fertilization As a System of Improvement of
 
Eroded Pastures*
 
D. Filipovic and D. Stevanovic 
Institute of Soil Science, Belgrade, Yugoslavia 

Of 6 420 000 ha of pastures in Yugoslavia, approxi- RESEARCH METHODS-SOILS 
miltl, 3.5 million are highly degraded by soil 
erosion. Grass yields from severely eroded pastures Soil samples in both disturbed and undisturbed 
progressivelydtiecrease an(actually are verylow (4-6 conditions have been taken from the experimental
MT dry matter/ha). Intensive eroding and bad man- fields for laboratory analyses. These were made 
agement and overgrazing are the main causes of according to the following methods: (1) texture in 
ve-y low productivity of eroded pastures. Recent percent-the preparation was done according to the 
needs for more meat product ion Obligate Its to international B method, and the separation of frac
intensify grass production on the pastures for beef tions according to the pipette method; (2) the hy
cattle feeding. For these reasons, we have started groscopic soil water by the method of drying the 
to investigate systems for improvement and rational soil samples at the temperature of 105 C; (3) the 
exploitation of eroded pastUres. capacity for air in cylinders of 100 cm:'according

In this paper, our aim is to present only one aspect to Kopecky method, field capacity (retention of soil 
of pasture improvement-fertilization, water) at 0.33 atmos. on the pressure plate; (4) the 

Field experiments have been carried out on three wilting point-retention of soil water at 15 atmos. 
experimental fields, located under different bio- on the pressure membrane after Richards; (5) coeffi
climatic c(onditions on very dissected topography, cient of filtration after Darcy in cylinders of 100 
in order to have the results which can be easily cm' after Plamenac; (6) the values Y,by multiplying 
applied to) the inprovement of eroded pastures in with the factor 0.65; (7) sum of adsorbed bases (S.
ither conditions on large hilly areas. meq) has been determined according to Kappan; (8) 

the degree of saturation with bases (V ) of the
CLIMATIC CHARACTERISTICS adsorptive complex has been determined by means 

Tabhle 1 sets forth the data concerning the precipi- of reckoning after Hissink; (9) the organic matter 
tation in the growing season-April-September. contents-by the permanganate method after Kotz-
These datla show that there is a rather large variation man; (10) the contents of CaCO:, after Scheibler: 
of monthly precipitatiton in one growth period. This (11) nitrogen after Kieldahl; (12) physiologically
is particularly important in fertilizer response of available phosphorus-extraction by lactate and de
eroded pastures in hilly terrain, termination after Egner; (13) available K:,O by am

monium oxalate and ammonium acetate after* Investigalit s are Sultporll 1y Yugoslav-LIS joint Bard ol Schachtschabel; (14) exchaageabhe cations and CEC
 
Sciettific andTl'chnological t:ooperation using [iS Piuhlic Law
 
,4t10fuils-Ir. 0. L. Bennett, lISDA-ARS, Morgantown, W. Va., according to U.S.D.A. Manual No. 60 of 1954; (15)

Coouperating Scientist. 
 total boron by melting with Na. CO:, in a platinum 
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TABLE 1. Precipitation in growing season at experimental sites, mm 

Month and year 

Experinmuntal April May Junie 

fields 1974 1975 1974 1975 1974 1975 


Zlaibtjhr 85.1 53.3 87.6 114.3 11,2 2311.4 
Stvohor 91..1 38.0 122.4 142,8 162.5 143.5 

(lzren 27.0 21H.4 80.2 141.7 70.3 84.11 

container and determining after Jackson; (16) total 
Cu, Fe, Mn, Mo, Zn, in HF-HSO. -ItCLO., after 
Jackson- (17) available boron in hot water after 
Berger-Truog; (18) copper after Westerhoff in di-
luted HNO,, (19) manganese after Schactschabel by 
sulfide method at p 18.0: (20) molybdenum after 
Griegg by oxalate buffer p1] 3.3; and (21 ) zinc after 
Wear-Sommer in 0.1 NKCI. 

SOIL PROPERTIES 
The soils of the experimental fields Zlatibor and 

Suvobor are' develope(d on serpentine and belong 
to the order Entisols.These soils we call humus/sili-
(al, e soils (Ranker). They are very shallow without 
genetic horizons. Although they belong to the same 
order, between these two soils there are also some 
differences. Thus, the humus/silicate soil of the 
experimental field Zlatibor doesn't ton)tain as many 
fragments of undisint egrated rock as is the case with 
the soil of experimental field Suvobor. The soil of 
experimental field Ozren is formed from limestone 
and belongs to the rendzinas. It is characterized by 
a shallow profile of the Ap-C type. The humus/silti-
cate soil and rendzina are characterized by a black 

July August SeptembIer Total 
1974 1975 1974 1975 1974 1975 1974 1975 

74.5 116.5 45.6 122.9 17:1.9 20.7 527.9 1 666.1 
61.4 52.11 36.3 163.11 74.1 121.8 5411.1 553.7 

29.4 43.2 25.7 101.2 50.1 42.08 28 2.7 441.3 

color (2.5 YR 2/0), conditioned by cousiderable 
organic matter, minute granular structure, great 
porosity and permeability through one whole depth. 

In Table 2 are given the results of analyses of 
texture of the soil in all three experimental fields. 
On the basis of these data, it call be assamed that 
the humus/silicate soil from Ziatibor and Suvobor 
is a sandy loam, and the rendzina from Ozren is 
quite unexpectedly of a lighter texture and charac
terized by a greater part of fine sand (over (i5%). 

The water properties of the soil of Zlatilor and 
Ozren are set forth in 'Table 3. 'ronl these data, 
it is riot difficult to draw the conclusion that these 
soils are (haracterized by favorahble water properties. 
ttowever, in spite of favorable water properties, the 
plants sIffer very often from water deficiency ill 
summer months, for the soil is shallow ad lies 
immediately on the solid parent material which 
warms up more quickly and stimulates a more 
intensive evapotranspiration. 

The chemical properties of the experimental fields 
are set forth inTable 4. According to these results, 
the rendzina is characterized by a weak alkaline 
react ion and the humus/silicate soils by a weak 

TABLE 2. Texture of soils 

(:ttdrsv Fine Total 

No. of samd sand Silt Clay sand Silt + clay 
experiment Vegetation Depth. >0.2 0.2-0.(12 0.02-0.002 <0.002 >0.02 <0.02 

Locality plot land use Horizon cm mm "; mm % nun % mm % mm % mm % 

Ozren 10 pasture A 0-19 1.0 73.6 7.4 18.0 74.6 25.4 

20 pasture A 0-18 1.0 68.2 11.0 19.11 69.2 30.8 
30 pasture A 0-27 0.0 74.2 10.2 15.6 74.2 25.8 
40 pasture A 0-22 1.0 67.6 1.1.4 19.0 67.6 32.4 
50 pasture A 0-15 0.0 55.4 13.2 2(0.4 66.4 33.6 

Zlatibor 10 pasture A 0-10 5.0 37.0 33.2 24.11 42.0 58.0 
pasture A 10-20 8.0 36.6 33.11 21.6 44.6 55.4 

20 pasture A 0-9 10.0 36.8 29.4 23.11 46,8 53.2 

30 pasture A 0-11 5.0 37.0 31.11 26.0 42.2 57.11 
pasture 11-22 5.0 36.4 34.1 2:1.8 41.4 50.6 

40 pasture A 0-13 7.0 38.4 30.8 23.11 45.4 54.6 
50 pasture A 0-0 11.0 34.4 33.2 21.4 45.4 54.0 

Suvobor IC pasture A 0-15 8.0 211.0 44.1 20.0 36.0 04.0 
I1C pasture A 0-15 5.11 21.2 42.11 24.0 33.2 16.11 

I1C pasture A C-15 5.0 31.2 43.11 20.0 316.2 63.11 
IIC pasture A 0-15 0.0 47.6 35.0 17.4 47.11 52.4 
VC pasture A 0-15 6.0 :14.0 40.8 19.2 40.0 60.0 
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TABLE 3. Water properties of soils 

I lygro- Avail- Darcy's
 
scopic Volume Maximum Field Wilting able Air coeffi-


No. of Depth moisture weight Specific hygro- capacity point water capacity cient
 
Locality profile cm % g/cm ' weight Porosity scopic vol. % vol. % vol. % vol. % cm /scc
 

Zlatihor 2 0-9 9.0 0.87' 2.50 65.2 64.0 43.4 28.4 15.0 21.8 5.8 x lo - , 
Ranker 4 0-13 9.6 0.166 2.46 65.0 63.1 43.6 28.5 15.1 21.4 8.4 X 10 - ' 
Ozren 2 0-18 4.6 1.10 2.53 56.5 55.4 35.1 21.1 14.0 21.4 2.3 X 10 
Rendzina 3 0-27 3.8 1.15 2.62 56.1 54.0 32.1 17.4 14.7 24.0 1.2 x 10 

TABLE 4. Chemical properties of soils 

Adsorptive complex Available 

WZ T-S S T V% P., O *, K.,O 

pH meq t meq
0. Vege- Hori- Depth Y, mus Total
 

Locality W tation zo1 cm CaCO., [1;0 N KCL cm:' 100 % N% 100
 

Ozren 10 pasture A 0-19 71.38 7.90 7.45 - - - - - 8.43 0.60 16.0 5.6 
20 pasture A 0-18 68.06 8.00 7.30 - - - - - 9.05 0.60 7.0 6.9 

30 pasture A 0-27 72.62 8.05 7.45 - - - - - 8.42 0.48 6.0 4.8 

40 pasture A 0-22 64.95 7.95 7.35 - - - - - 8.84 0.56 7.3 5.8 
50 pasture A 0-15 65.15 7.85 7.30 - - - - - 8.88 0.68 7.3 8.3 

Zlatihor 10 pasture A 0-10 0.0 6.10 5.50 16.37 10.64 44.84 55.48 80.82 8.65 0.72 1.1 26.0 
A 10-20 0.0 6.45 5.60 12.65 8.22 42.52 50.74 83.79 7.74 0.57 1 21.8 

20 pasture A 0-9 0.0 6.35 5.60 16.61 10.79 51.52 62.31 82.68 9.78 0.82 1.6 33.9 
10 pasture A 0.11 0.0 6.35 5.75 17.71 11.51 59.92 71.23 83.84 9,69 0.73 2.0 20.6 

A 11-22 0.0 6.60 5.80 12.61 8.19 49.66 58.07 85.89 8.65 0.76 1.6 17.4 
40 pasture A 0-13 0.0 6.70 5.80 12.37 8.04 49.12 57.16 85.93 8.47 0.75 1.9 19.0 
50 pasture A 0-6 0.0 6.10 5.60 13.10 8.51 42.60 51.11 113.34 0.06 0.57 1 16.9 

Suvohor IC pasture A 0-15 0.0 6.60 6.00 8.65 5.62 56.12 61.74 90.90 7.23 0.50 0.0 6.9 
IIC pasture A 0-15 0.0 6.80 5.90 11.65 7.57 48t.44 56.01 86.48 7.53 0.54 0.0 8.4 

IIIC pasture A 0-15 0.0 6.60 5.80 l.tit) 6.89 42.2(1 49.0) 85.96 (.34 0.34 0.0 7.2 
IVC pasture A 0-15 0.0 6.70 5.90 9.23 5.99 55.114 61.8i3 90.31 7.94 0.51 0.0 6.9 
VC pasture A 0-15 1.0 6.70 5.75 14.33 9.31 43.211 52.59 2.29 7.43 0.45 0.0 8.0 

acid one. Both soils are rich in organic matter but The available molybdenum in the soils o; the 
poor in available potassium and soluble phosphorus, experimental fields lie chiefly within the limits of 
and, consequently, these principal nutrients, as well a medium supply. 
as nitrogen, should be added as mineral fertilizers. The mobile iron in the rendzina, in relation to 

From exchangeable cations, as can be seen from the humus/silicate soil, is markedly less, due to 
the data set forth in Table 5, magnesium prevails the fact that iron, in a way similar to manganese, 
in the humus/silicate soils, at a pH above 6.5 forms insoluble higher oxides 

The(contents of trace elements in the soils are which are moderately or poorly available. 
set forth in Table 6. 'The data concerning total and 
available quoted trace elements in the soil show FLORISTIC-PHYTOTYPOLOGICAL ANALYSIS 
that differences exist. For the evaluation of the supply In addition to the soil investigations, particular 
of trace elements inl the soil, the available quantities attention was paid, in 1976, to the floristic-phyto
are of a greater importance than total ones. typological analysis, which is of great importance 

The rendzina is not well supplied with available from the point of view of melioration of eroded 
zinc, whereas both the hum us/silicate soils are rich pastures. This is a concise statement of the results 
in Ihis element. The available copper presents an of these investigations oil the experiment fields 
analogous situoation. All the investigated suhplots "Zlatibor," "Suvobor," and "Ozren." 
oil the rendzina show that it also has a poor coiteit 
of ilailgaiese and, therefore, both its total and Experiment Field Zlatibor 
available forms are considerably less than those With regard to typology of plant species, the 
found on the humus/silicate soils. experinlent field Zlatibor is the integral part of 
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TABLE 5. Exchangeable cations in adsorptive complex of soils 

No. of Ca 
No. of experiment Depth 

sample plot Locality cm meq / 100 %. n 

6 10 Z tiibor 0-10 12.25 23.4 

7 Zi, Iibor 10-20 7.7 15.90 

1 20 Zltibor 0-9 10.25 20.01 

9 30 Zlatibor 0-11 9.15 17.20 

10 Zlatibor 11-22 7.110 14.02 

1Oa 40 Zlatibor 0-13 11.12 21.31 

lob 50 Zlatibor 1-6 9.61 22.79 

11 IC Suvobor 0-15 (.00 16.89 

12 IIC Suvobor 0-15 10.25 20.84 

13 IIIC Suvobor 0-15 6.90 16.38 

14 IVC Suvobor 0-15 6.65 13.52 

15 VC Suvobor 0-15 6.50 14.52 

pastures on the serpentine substratum, secondarily 
originated in the zone of white and black pine forest 
(Pinetum silvestris-nigrae Pavlovic). On the basis 
of the phytotypological analysis of the investigated 
community, it can be deduced that it represents the 
transition phase between two syngenetically con-
nected associations-Poeto molineri-Plantagine-
turn carinataePavlovi and the Festuceto sulcatae-
Potentilletum ziatiborensis Pavlovi , which were 
described for the first time on the terrains of the 
mountain Zlatibor. Both plant associations are char-
acterized by the presence of a number of serpentino-
phytes-plants adapted to the life on a serpentine 
substratum, which occur very rarely in similar asso-
ciations on the substrata of different mineralogical 
composition. 

The following survey quotes the plant groups and 
their incidence for the last two years of investigation: 

1975 1976 
Total number .................. 96 115 

thereof: 
Fam. Poaceae/grasses ........... 16 17 

Fam. Fabaceae/leguminous plants 14 16 

Aromatic and poisonous species . . . 11 10 
Weeds ...... .................. 2 4 

Other species .................. 53 68 

The above survey shows certain differences both 

as regards the number and the structure of plant 

species. In 1976, in comparison with 1975, their 
to 115. T'he dominantnumber increased from 96 

species and builder of the Community, however, is 

Festuca sulcata, which, according to its nulritite 
value, belongs to medium quality species. Further 
as the result of modified ecological conditions-sus-

pension of grazing and trampling, introduction 
mineral fertilizers-there occurred a shifting among 
the species, which is undoubtedly of importance 

Ig K Na 
CIC
 

t / 100 1,;, eq /(I " meq / 100 % If(nvq / 1(1(1
 

52.2023.25 44.54 0.57 1.09 0.15 0.2B 

22.910 49.40 0.50 1.081 0.14 0.3(0 46.35 

25.35 49.51 0.70 1.36 0.14 0.27 51.20 

0.47 0.62 0.14 0.24 57.2530.40 53.10 
0.12 0.21 55.6230.65 55.10 0.42 0.75 

27.25 52.20 0.45 0(16 0.14 0.27 52.20 

19.50 46.29 0.40 0.95 0.12 0.21 42.12 

26.90 56.78 0.17 (.36 0.10 0.21 47.37 

24.115 50.53 0.12 0,24 0.14 0.211 49.17 
0.10 0.23 42.1222.11 52.46 0.20 0.47 

0.20 49.1728.10 57.14 0.20 0.41 0.10 

21.75 48.60 0.22 0.49 0.10 0.22 44.75 

for the improvement of the botanic compositiol of 
pastures. 

Of 16 species from the family Poaceae in 1975, 
there was observed in 1976 one more species-A
grostis capillaris-andthis ocCurred on almost all 
test plots on which mineral fertilizers had been 
introduced. This species plays a great part in forming 
desirable meadows. Vicia tenuifolia and Chanaes
partium sigitale are two new leguminous species 
which were nol present in 1975. The change of 
numbers and covering of grasses and legunimous 
plants speaks convincingly of the process of recla
mation of the pasture ground on1which the experi
ments are carried out and particularly of those plots 
into which had been introdu(ced larger antn1s of 
NPK fertilizers. 

Experiment Field Suvobor 

This field is situated in the zone of Serbian beech 
forest also oin the serpentine substratum--Fagetum 
montanurn serbicum Rudski subas. silicicohnn 1o

%'anoviu.The field is located on extremely eroded 
terrain with an eastern exposure. 

In comparison with the investigated plant genetic 
composition on the field Zlatibor, the plant associa

tion on the field Suvobor is composed of fewer llant 

species, as indicated in the following: 

1975 1976 
Total numler of species ....... ... 75 98 

thereof: 
Fam. Poaceae/grasses ........ ... 11 15 
Fam. l'ahaceae/hlguminousplants 16 18 
Aromaic and poisonous species 6 10 
Weeds ................. 5 7 
Ofther species ................ 37 48 

The markedly dominant specie and builder of the 
association is Festuca sulcata, which, by nutritive 
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TABLE 6. Contents of trace elements of soils 

Iloron"B1" Zinc "Zn" Copper "Cu" 

S Availalhl %Mtalof t of a of
Type of Variants of in ithe otal Available Total Available the 

soil fertilization N KCL ppm total Ppm total ppm total 

1 2 3 4 5 6 7 1) 9 10 11 12 

I 6.80 66.00 0.76 1.15 87.00 1.60 1.84 18.00 1.50 11.33 
R4ndzina N 4, l)4jK o 6,80 59.25 0.76 1.28 84.0(0 1.60 i.90 18.00 1.00 5.55 

Ozren Ioo Ko 6.8(0 63.70 0.95 1.49 87.50 1.70 1.94 18.50 1.001 5.40 
Nh Poll K,,, 6.80 65.00 0.95 1.46 85.00 1.6( 1.111 18.40 1.20 6.52 

0 5.10 49.50 0.61 1.23 92.00 9.110 10.65 27.50 3.40 12.36 
Ilunms sili- N,40 P4,, K,,, 5.70 42.50 0.61 1.43 94.50 9.80 1(.37 28.50 3.50 12.28 

cafe soil Poo Koo 5.55 45.00 0.44 0.98 94.50 7.130 8.25 28.00 3.40 12.14 
Zlatihor Nh Poo,Koo 5.40 51.25 0.54 1.05 92.00 7.00 7.61 27.50 3.50 12.73 

N,,, Pog, K1 ,, 5.60 50.00 0.47 0.94 93.00 8.20 11.82 27.50 3.50 12.73 

0 6.00 31.25 0.90 2.88 119.00 14.40 12.10 18.50 3.00 16.22 
Ilurnus sili- N ,, P4, K44 6.00 30.50 0.57 1.87 123.00 13.00 10.57 18.00 3.20 17.78 

(:ito soil Poll Kil 5.90 32.70 0.41 1.25 118.00 11.00 9.32 18.00 4.50 25.00 
Suvohor Nol Pol K,, 6.00 32.50 0.39 1.20 119.00 11.60 9.75 18.00 3.50 19.44 

N looPl, 1 K o,,) 6.10 30.00 0.511 1.93 123.00 14.80 12.03 19.00 3.50 18.42 

0 6.80 38,00 0.39 10.26 0.70 0.19 27.14 56.24 4.37 0.008 
Rendzina N410 P11 6.110 26.00 0.31K,41 8.61 0.75 0.16 21.35 56.75 6.25 0.011 

Ozren Poo Kof, 6.80 31,.50 0.29 7.53 0.70 0.12 17.14 56.25 4.75 0,008 
N,, Ill) Koff 6.80 36.00 0.20 5.55 0.76 0.14 18.32 56.25 5.00 0,009 
Njp P,.,O K,, 6.90 3.00 0.29 7.63 0.72 0.16 22.22 56.25 4.37 0.008 

0 5.90 '17.50 13.40 7.66 0.64 0.06 9.37 23.50 84.37 0.36 
tlumus silt- N4,, I4,, K. 5.70 18.00 13.40 7.444 1 0.67 0.07 10.45 24.00 58.75 0.24 

cat soil P,, K,, 5.55 18.50 11.70 6.32 1.62 0.06 9.68 24.75 62.50 0.25 
Zlalibor Nol P,, K,,, 5.40 19.00 14.20 7.47 0.64 0.10 15.62 24.50 71.87 0.29 

N,o P, K,,, 5.60 19.50 16.20 8.31 0.63 0.06 9.52 24.00 92.50 0.39 

0 6.00 19.00 13.00 6.84 0.69 0.07 10.14 16.00 62.50 0.39 
Hiumus sili- N, P11 K,4, 6.00 19.50 14.60 7.49 0.78 0.08 10.26 15.75 84.37 0.54 

cat, soil P,,Kill, 5.90 18.30 12.50 6.83 0.76 0.07 9.21 16.75 71.87 0.43 
Suvohtr Noll Pol Kill, 6.00 19.10 15.50 81.11 0.80 0.10 12.50 16.50 96.87 0.59 

N lo, II,,, K fi, 6.1(0 19.50 15.50 7.95 0.76 0.10 13.60 16.00 58.12 0.36 

value, belongs to medium quality grasses. The next Experiment Field Ozren 
species wilh greatest numlers are Thymurnos jankae 
subvar. servicus and the bushy plant of the carnation From the phytotypological point of view, the 
family, Minuartia verna subspl. collina. experiment field Ozren is very similar to the associa-
The modified ecological c:onditions on the experi- tion described for this mountain-loterieto-Ffstu

merit field which had bleen previously dealt with ceatun vallesiaceae Danon subas. Koelerietosum 
exerted an influence on the change of the floristic Dikli. This association is a somewhat more xerophi
structure of the association of this experiment field, ous type, which is otherwise very widespread on 
a change which gradually moves in the direction the mountain Ozren, where it inhabits comparatively 
of improvement. Changes anmong the species both warm, dry and abrupt habitats of western, eastern, 
grasses aid leg (((31ni noilS plants have great imnpor- and southern exposures.
 
tance, particularly the occurrence of bush xerophi- On account of permanent and excessive grazing
 
hous Slecies adIalpted to the poor dry and warn habitat from early spring until late autumn, the mesophilous
 
of the rocky ground because they offer good prolec- plant species are strongly reduced to a minimum.
 
lion against the erosion to the soil and cover the Maintaining itself is only the builder of the associa
denuded surfaces. tion, the fescue Festuca vallesiacatogether with some
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weeds, aromatic or poisonous species. Below is the 
survey of plant species according to groups: 

1975 1976
Total number of species ........ 102 132 


thereof: 
Fam. Poaceae/grasses ........ .... 9 15 
Fam. Fabaceae/leguminousplants 10 16 
Aromatic and poisonous plants . . 17 20 
Weeds ..... ................. 10 13 

Other species ................ 56 68 


Among the grasses, the most important species 
is undoubtedly Festuca vallesiaca,which shows also 
the highest degree of presence in the association 
and the greatest numbers and covering, and, conse-
quently, also the greatest biomass. This species,
according to criteria which are valid in mea(ow 
management, belongs, according to its nutritive 
value, to medium quality grasses. Pea pratensisand 
its subspecie angustifolia are considered, according 
to the same criteria, as grasses with a very good
nutritive value. A considerable part in the building 
up of the association is played also by Puo,i
Koeleria gracilis, Pea alpina souhsp. hihesis :::(I, 
in a somewhat less measure, by Dacty'lis gloflwrit,i,
Poa compressa and some other species. 

In the course of 1976, the floristic structure on 
test plIs underwent noticeable changes. The number 
of species was increased from 102 to 132 and i 
particularly important fact is that the number of 
grasses increased by six species along with an 
increase in the number of hegL ininoos plants. which 
play a considerable part in the improvement of the 
nutritive value of the pasture. Worth mentioning 
among them are Mldicago lupulina, Onohrvchis 
sativa, Trifolium incarnaturn which appear for the 
first time on a large number of test plots,

After three years of introduction of mineral ferti-

lizers on the experiment field Ozren there was 

observed, as on the other two fields, a high degree

of increase of mesophilous character of the associa-

tion as a whole and. thereby, also the reclamation 
of eroded pastures on which the experiments were 
carried out. 

The analysis of the floristic composition of the 
test plots, and analyses of fertilizer with different 
amounts of NPK used at different times allowed us 
to draw the preliminary conclusion that greater 
amounts of nitrogen introduced in the beginning 
of vegetation stimulated the growth of grass species,
while larger doses of potassium favored legumes,
particularly Lotus corniculatusand Trifolium repens 
and T. pratense. Furlher, it can he ascertained that 
on the experimental fields, as well as on the pastures
where there is free grazing, there are many species
growing that have no value at all from the point
of view of cattle fodder. 

EFFECT OF FERTILIZATION ON VEGETATION,
 
FODDER PRODUCTION AND SOIL EROSION
 

Methods of Work 
On the experimental fields we investigated the 

influence of the quantity of introduced mineral 
fertilizers and the influence of the time of their 
introduction on the yield and on some qualitative
properties of the plant mass on eroded pastures. 
The experiments were laid in five replications on 
test plots of 15 m 2 each. 

The investigations were carried out with 13 
variants of fertilizers in kg/ha as shown below: 

1. P.j, K4,, 8. N40 K.m, Pl,, 
2. P., K.., N.10 9. N.I K40 P It 
3. P.,,, K40 N,,) 10. N.1, ,,4 
4. Pl) K ,, 11. N41 P., K,11 
5. PI,, K,,,, Nil, 12. N., P4,, K ,, 
6. P ,,,) K ,,, N ,,,,, 13. N I,, p,,, KI,f, 
7. N.,, K, 14. ( (no fertilizer)


The time of application was as follows:
 

A. The whole amount of mineral fertilizers intro
duced at once, before the beginning of vegetative 
period, in the first days of March: 

B. The whole amount of mineral fertilizers in one 
application at the end of April; 

C. The total amount of fertilizers applied in the 
course of growth, at the end of June, after the first 
iliowing: 

D. The fertilizers applied twice: I/,, before the 
beginning of growth and I/'- in the course of growth; 

E. The fertilizers applied at three intervals: '/!,
before the beginning of growth, 141 in the beginning 
of growth and 1.1 in the course of growth. 

In order to ascertain the percentage of dry matter 
and to get chemical analyses, plant samples were 
taken from all variants of fertilizing where mineral 
nutrients had been introduced once only at the 
beginning of vegetation. Yields were tested by
variance analysis, applying the LSD Test. 

RESULTS AND DISCUSSION 
"wo years' average viel(l of the plant mass (Table

7) point out both the importance of applying various 
quantities of mineral fertilizers and the importance 
of the time of application. It is obvious from the 
first year yield analysis that single introductions of 
fertilizers before vegetation started and in the begin
ning of vegetation have given yields which were 
almost twice as large as those obtained by the 
introduction of fertilizers in the course of growth. 
This is understandable considering the diminished 
amounts of rainfall in summer months in which 
the effect of later introduced fertilizers is limited 
and the conditions for their losses until the following
growing period are considerably !1:.,ger. The yields 
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TABLE 7. Influence of amount and the time of use of fertilizers on the yield of hay mc/ha 

Variants of fertilizalion 
Time of P1. P4 0 1 4 0 P RO I .3 1 3) .3 N . N 4 0 N , N 4 , N .4( N.., N L S D 

fertilizer K40 K P433
K4 K l, K..4j Kill, K4; K41 K 1 443 P3 .4 3333 

Use 0 N4. Nil N . N 113, 1,10 1,111) K,, K I. K 1 0.05 0.01 

ZlatihorA 11.3 22.9 27.6 33.4 27.2 41.5 57.3 15.3 34.5 29.5 19.3 29.4 23.3 611.4 13.7 18.3II 11.5 23.4 31.7 33.4 26.7 38,8 64.1 14.1 35.0 34.6 22.7 27.9 26.3 60.6 14.4 19.3C 11.1 14.3 22.3 18.9 19.3 21.9 29.1 11.6 21.1 27.8 11.9 20.0 16.8 31.6 8.5 11.31) 10.0 15.7 26.7 27.6 26.2 34.7 48.1 9.4 22.6 29.1 19.5 22.2 21.8 42.8 9 P, 13.2
E 9.7 21.2 30.9 30.9 28.6 37.2 55.5 12.8 29.8 37.3 22.6 28.3 24.7 61.7 15.6 20.8 

Suvobor
A 2.0 14.3 14.3 28.5 9.2 28.7 67.7 8.1 18.9 20.0 18.8 14.4 19.5 58.0 12.4 16.6I 2.2 12.6 14.2 26.6 11.6 34.3 49.7 7.2 23.1 21.7 16.9 20.3 21.1 51.0 10.8 14.5C 2.3 7.6 7.1 12.4 6.6 16.5 27.6 4.8 13.0 9.5 10.7 9.3 14.7 22.4 7.3 9.81) 2.7 12.7 11.0 20.9 8.4 28.3 44.2 6.4 15.3 13.9 13.3 12.1 16.7 46.1 9.9 13.3E 2.9 12.8 12.3 23.8 9.1 32.5 47.5 8.8 22.4 16.8 13.1 13.0 15.9 58.4 10.0 13.4 

Ozren

A 5.7 7.1 20,6 32.0 9.1 32.3 58.4 
B 4.6 6.7 20.0 28.7 9.2 27.7 52.5 
C 5.2 6.4 10.8 15.7 7.2 15.1 24.4 
D 5.0 6.5 11.6 30.0 10.5 25.4 41.6 
E 4.2 7.1 15.0 20.3 9.9 27.1 45.9 

of the plant mass in two other methods of applica-
tion-where the mineral fertilizers were added in 
different quantities before and in the course of 
growth-are somewhat lower, which ,also indicates 
the advantage of introducing the total amount of 
fertilizers earlier in the spring when there is already
far more moisture in the soil for their mobilization. 

Various mineral fertilizers manifested different 
effects on the yield of the plant mass. Differences 
obtained in the tests between indivi(ual variants 
of fertilizers are a consequence bolth of different 
quantities and of different ratios between the niu-
trients. From the results, it can be seen that nitrogen
produces the greatest effect, a liltle more than of 
phosphorus and considherably more than the effect 
of potassiunL. Nitrogen produ:ed a marked effect 
up to 160 kg/ ha. The increases of yields in the 
variants with N,,, in relation to the check we.-e 
from 6-fold in the Zlatibor site to 20-fold in the 
Suvohor site. These increases are statistically very 
significant with the single applications, i.e., A and 
B,and they amount to over 50 mc/ha of hay. Almost 
all introductions of fertilizers of variants 14, 7, 6, 
4,9 and 10 have given highly significant increases 
of yields, whereas the increase of yields in variants 
2, H1and 11 was generally very small and statistically 
insignificant. It can be seen from these results that 
the dominant nutrient for stimulating yields in these 
experimental fields was nitrogen, in the amount of 

14.5 18.2 20.5 21.1 21.0 16.7 52.0 8.0 10.8 
11.3 19.1 18.0 23.1 26.7 17.5 51.5 6.0 8.0 

9.1 11.2 10.2 11.0 11.7 11.0 22.4 5.2 6.9 
11.2 9.2 16.5 16.0 14.7 14.4 41.0 7.5 10.0 
13.1 15.7 17.1 15.8 16.4 18.0 50.0 7.8 10.5 

80-160 kg/ha, but phosphorus and potassium also 
had positive effectsj which may be observed chiefly 
at levels up to 80 kg/ha. 

The uniform introduction of small quantities of 
nitrogen with potassium Iid without phosphorus 
had little effect on the plant mass yield.

The influence of phosphorus, though considerably 
lessthan theeffect of nitrogen, is statistically justified
and the yields obtained in the experiments at Zlatibor 
and Suvobor are up to two times or about 15 mc/ha 
greater in relation to the N4 K., variant. A somewhat 
sinaller effect of phosphorus is observed at the 
experimental site Ozren, where the soil is better 
supplied with the available form of this element. 

The effect of potassium is noticeable in some cases 
up to Ki., but chiefly statistically insignificant. Such 
a limited effect of potassium can be understandable, 
because these soils are for the most part medium 
to well supplied with this nutrient. 

It was ascertained by chemical analyses that the 
fertilizers showed a considerable influence on plant
quality which resulted for the following reasons: 
change in content of substances in the plants them
selves which originated under the influence of great
er or smaller quantities of nitrogen, phosphorus or 
potassium components introduced into the soil plus
the change in the proportions of leguminos:ie an(i
gramineae in the yield caused by the kind and 
quantity of each particular nutrient. 
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TABLE 8. Influence of the fertilizers on the content of crude protein and cellulose in the hay 

Zhtibor 

Variants of Protein Index Cellulose Idex IProtein 
fert iliza t ion ",%% 

7.3
0 10.1 3. 1 

P4, K 4,, 12.5 100 27.0 110 11.0 

9.6 76 29.9 111 7.9P. K ,1 N 4, 
89 	 :12.0 11l 10.2

1)4, K.,, N,,,, 11.2 
100 9.51),,,,K,,, 15.8 100 25.5 

P,,, K,,, N ,, 6.9 43 36.2 142 9.9 

P,,, K ,, N ,, 10.7 67 :14.5 135 11.9 

N 4,, K.41, 7.7 I0 :14,11 100 11.2 

N40 K, PA, 9.4 1-) 92 9.4:12.1 

N4,, K,,, P,,, 11.1 170 211.1 811 11.7 

9.8 100 :11.2 1111 9.7K 4,,1)4,, 
6.9K., 

N 14, K,,,, 9.4 95 312.7 115 (1.4 

N 1,., K ,) 9.8 :34.1 7.4 

N.*,,)P),, 10.1 103 30.8 99 

1, 

judging by the results of double combinations, 
all of the three introduced elements in lower quanti-
ties (40 kg/ha) increased the percent contents of 
crude protein in hay. It is necessary to point out 
that where phosphorus fertilizers haid rnarkedly ill-
creased the proportion of legum ooinus plants in the 
hay. the percent protein content with PK is the 
greatest (Zlatibor). On those pastures where the 
phosphorus-potassium component had , less impor-
tant influence oil the increase (if lgurninosate, the 
positive effect of nitrogen on the percenitage of crude 
proteins in the hay of the grass-legu ninous mixture 
(Suvobor, Ozren) still cannot he neglected. 

Nitrogen and potassium fertilizers increased the 
contents of the r.rode fiber, and the quantity of these 
organic substaices is considerably greater in all 
variants where the nitrogen-potassium omponent 
had been applied. ihough the key factor for the 
quantity of cellulose is the development stage of 

the plant, the greater mass of ligneous grass species 
whose development in the first summer months was 

furthered by nitrogen had considerable repercussion 

on the established quantity of these substances ill 
the plant mass. 

CONCLUSIONS 

Mineral fertilizers, applied at different times, 

showed a different effect on the plant yield on all 

of the three experimental sites. These differences 

are due both to different amounts and ratios of 

Suvobor 	 ()zrin 

Intl!\ Protein thex Cllulows IndexIndex 	Cllulose n i ! 
! '' 

29.3
29.5 7.9 
100 26.1 1001110 27.9 111 10.5 

H.2 711 :11.4 12072 32.2 	 115 


1l) 10.7 1031 29.5 113
93 :10.1 

100 30.2 100 11.7 
 10(0 211.11 100 

104 :11.2 103 10.01 115 30.2 105
 

125 29.2 97 13.4 154 211.9 100
 

10n 	 29:1 00 9.6 1)lt 27.4 101
 

04 
 12.5 111 9.4 911 27.7 97 
211.4 101 

1100 29.11 101 
711 :12.5 	 Ill 9.2 96 

100 	 :10.5 100 9. 


71 
 34.3 112 11.3 115 29.M 119 

117 	 31.6 104 11.7 H!1 31.3 105 

:12.11, 10.9 :13 

nutrients in the introduced mineral fertilizers and 
to the time of their introduction. 

Nitrogen compolnenl caused the greatest response, 
the phosphorus comp)onent somewhat less ani the 
potassium coponent the least response. With the 
qua1altities N ,,. 11"i plus P,) Ki,,o kg/hailup to 20 times 
greater yields than control plots were obtained. 

The most appropriate time and methods of apply
ing the mineral fertilizers are the single introductions 
before growth starts or during early growth ( March-
May). 

The introduction of mineral fertilizers improves 
the floristic composition of eroded pastures and the 
qualiltlti y aid nutritive value of the plant mass. 
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When soil conditions are extreme there are two 
options open to the agronomist who wishes to 
establish pasture or other vegetation cover: improve-
ment of the soil by draining, liming, or fertilizing, 
etc.: the use of plants tolerant of the conditions 
existing in the soil in its unimproved state, 

Which option is used depends on a number of 
factors. In agricultural areas, since an economic 
output is required and improvement is usually feasi
ble, improvement is undertaken. Normal agricultural
species and varieties which have no special toler-
an(ces then (ain he used because the improvements

will have raised the fertility and physical structure 

of the soil to levels on which normal agricultural 

varieties can thrive, 


However, on land being reclaimed for agriculture 
in extreme conditions such its can occur on hill 
land, these improvements may not be practical or 
may nt be very permanent. In some cases it may 
he uneconomical to carry out a full improvement, 
The same is true with reclamation of derelict land, 
where, for instance, there is extreme acility due 
to oxidation of pyrite. On such land, liming can 
effect a considerable improvement, but the acidity 
and attendant problems may return later when fur-
ther pyrite is oxidized. Where the derelict land 
contains heavy metals, the problem is most marked, 
It may be impossible to get rid of the effects of 
heavy metals when they are at high concentrations, 
Organic matter, such as sewage sludge or heavy 
fertilizer treatments especially high in phosphorus, 
can render the metals unavailable for a short time, 
but the toxicity returns subsequently (Goodman et 
al., 1973). The other derelict land where soil im-
provement is extremely difficult is where there is 
high salinity, usually (due to weathering of sulphide 
materials in the presence of native carbonates, espe-
cially magnesium carbonate, which gives rise to 
magnesium sulphate. 

In these situations species and varieties adapted 
to normal agricultural conditions will be unsuccess-
ful. They may fail to grov altogether. or at best 
grow very poorly. The only practical solution is to 
find plant material which is specifically adapted 
to the difficult conditions. There are now many 
situations in the world where this can occur, both 
because agricultural operations are being extended 

into difficult environments such as hill land, and 
because industrial activity is leading to extensions 
of mining and metal processing. 

The purpose of this paper is to examine the 
approaches that can be taken in finding or developing 
plants with specific tolerances to extreme soil condi
tions, particularly in relationship to low levels of 
plant nutrients and to high levels of toxic metals. 

ADAPTATION TO LOW FERTILITY 

We are familiar with the fact that different species 
can possess markedly differunt tolerances to difficult 
environmental conditions. In the grasses that occupy 
natural habitats in Great Britain, there is a wide 
range of tolerances to soil pH (Table 1). The species 
are in fact responding only in part to the direct 
effects of pH. The major differences among them 
are in their tolerances to the secondary effects of 
pH such as high Al and Mn at low pHi, high Ca 
and low P and Fe at high pH. At the same time, 
there are effects arising from competition which 
cause species such as Festuca ovina often to be 
excluded from soils of intermediate p-1. 

This range of variability between species can be 
utilized in revegetation programs. In practice, it is 
not used to a great extent because of the difficulty 
of obtaining seed of the species adapted to extreme 
soil conditions, and because if improvement is car
ried out, it is usually preferable to seed higher 
yielding species such as Lolium perenne. But in 
these circumstances, we may find there is rapid 
deterioration of the sward and invasion by native 
species tolerant to the poor conditions, such as 
Agrostis tenuis. It would be valuable if material of 
species such as Lolimn perenne could he found 
which was tolerant to difficult conditions. 

Many of the species shown in Table 1 appear to 
have a wide range of tolerance since they can be 
found growing in a range of different soils. The 
extreme perhaps is Festuca ovina. This wide range 
of tolerance could be due to a wide physiological 
tolerance of individual plants of the species or to 
the evolution of local popui lations or races closely 
adapted to local conditions. The breadth of tolerance 
could be due to phenotypic or genetic plasticity. 
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TABLE 1. The range of soil pH tolerance of a number of grassland species 
in 630 sites in the Sheffield area of England (from Grime and Lloyd, 1973) 

(measured as % frequency of occurrence in each pH class) 

3 4 

Specilhs 

Agrostis tenuis 30-50 50-100 

Arrhenathcrum elbtis >5 10-30 
>5Brachypodimn pinnaitm 

Briza [nedia 5-10 

ta >5 30-50Dactylis glomen 

Deschanipsia fiex.uosa 50-100 30-50 

Festuca ovini 50-100 50-100 
>5Ielicttrichonpubhscens 

>5 50-100toh:us haaatts 
10-30Nardus stricta 30-50 
10-30Trifolium repens >5 
>5Zerna erectla 

We are familiar with the amount of evolutionary 
divergence in morphological characters that can take 
place within a species. Since edaphic factors are 
potentially very powerful in their selective effects, 
it seems possible that the wide edaphic tolerance 
of species could be due to a similar evolution of 
locally adapted populations. This is clearly true in 
the case of Festuca ovina (Fig. 1) (Snaydorn and 
Bradshaw, 1961). 

We have, therefore, investigated a range of pasture 
species common in the British Isles, and widely used 
in temperate regions: wild white clover (Triolium 
repens) (Snaydon and Bradshaw, 1962a, 1969), rye-

acidic 

calcareous 

15 

to 

dry 
weight 

(g) 

2.5 5 10 20 100 
1


calcium (mg I) 

Figure 1. The response of two contrasting populations of the 

grass Festuca ovina to varying levels of calcium in sand culture 

(Snaydon and Bradshaw, 1961). 

pHi at Soil Surface 

7-115 6 

Frvqtejncy (f occurrence 

5(1-100 3t0-50 5-10 
30-501 :(-50 10-()3 
10-30 10-30 10-30 
10-30 30-50 30-50 
50-100 30-50 50-100 

10-30 >5 >5 
50-100 50-100 30-50 

30-50 30-50 10-30 

50-100 30-50 30-50 
>5 
30-50 10-30 10-30 

5-10 101-30 30-50 

grass (Lolium perenne) and orchard grass (Dactylis 
glomerata) (Crossley and Bradshaw, 1968). These 
are species known to contain a wide range of 
morphological variability but for which no variation 
in response to soil fertility has been reported. 

The initial experiments were carried out in sand 
culture so that nutrient levels could be carefully 
defined. These showed that considerable differences 
among populations in their response to varying 
levels of phosphorus and calcium can be found in 
all three species. Populations from low calcium and 
low phosphorus sites are able to tolerate lower levels 
of these elements in culture 3olution than other 
populations, tolerance being shown by only a small 
reduction in yield. This (:an be seen for example 
in Dactylis for phosphorus (Fig. 2). The relationship 
is particularly well shown in 'lrifoliurn repens for 
phosphorus (Fig. 3). In this experiment, the Trifolium 
repens populations were in fact subjected to a further 
higher level of phosphorus. At this level there were 
signs of phosphorus toxicity and reductions in yield. 
This was most marked in populations from cal
careous sites and least in those from acidic sites. 
This can be related to the fact that in calcareous 
sites phosphate availability is always low because 

of the effects of high cal;ium, whereas in ,noreacidic 
sites phosphorus availability is not reduced. 

Where plant analysis has been carriel out in 
Festucaovina and Trifolimn repens, the popula tions 
which are best able to tolerate low levels of a 
particular nutrient have a higher internal concentra
tion of the nutrient. The ability to grow at low 
nutrient levels is therefore related to the efficiency 
of nutrient uptake. 

Thes;i differences culd be rather academic if they 
were not also manifest in more natural soil condi
tions. Experiments with all four species show that 
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Figure 2. The response of a range of populations of the grass Dactylis glomerata to two levels of phosphorus in sand culture 
(Crossley and Bradshaw, 1968). 

the results found in sand culture also appear in soil 
experiments, for instance, in Dactylis (Fig. 4). These 
differences are enhanced when the populations are 
grown in competition so that differences which0.2 appear trivial when the populations are grown alone 

response become marked when there is competition (Snaydon, 
to 1962). 
phosphorus But perhaps the critical test is the performance 

0.1 	 of the populations in natural conditions. In experi
ments with white clover, populations were planted(log dry into a natural upland sward and left to be subjectwt) 	 to the full range of environmental pressures of the 

habitat. In these conditions there was markedly better 
survival by the upland populations which are toler
ant of low nutrient conditions (Snaydon and] Brad
shaw, 1962b). However, when lime was added, this

10 20 30 difference disappeared, indicating that the signifi
extractable phosphorus cant adaptation of the upland population is in its 

(mg P2 05OOg) nutrition (Bradshaw, 1969). 
Such differences between populations are there-

Figure 3. The relationship between the response of a range fore very important to survival. This is borne out 
of populations of Trifolium repens to two levels of phosphorus by further work on Anthoxanthurn odoratuin (Snay
in sand culture and the extractable phosphorus levels in their don, '1970). All this suggests that much of the lack 
original habitats (Snaydon and Bradshaw, 1962a). of success in establishing improved pastures on 
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potting soil 
Bradshaw, 1968).

Figure 4. 	 The growth of contrasting populations of Dactylis glomerata in three different soils (Crossley and 

the use 	of commercialdifficult soils may be due to 
invarieties which have been bred for high yield 

high nutrient conditions. 
Once it has been identified, the material will 

probably require some simple selection for seed 
production and related agronomic traits. It then can 
be bulked up and used directly for the revegetation 

can equallyof difficult areas. However, the material 
well be used as the basis of a selection program 

in which the adaptation to low fertility is further 
developed. There is evidence in festuca ovina, 

Trifolium repens, and Dactylis glomeramf of substan-
tial variability between individual genotypes in their 
yield and their response to soil conditions, particu
larly in seed material (Fig. 5). It seems likely that 

extent by additivethis is 	 determined to a large 
variations can in a 

genetic and, therefore, be used
selection program. 

ADAPATIN OXIITYtolerance,TOHEAY MTALADAPTATION TO HEAVY METAL TOXICITY 

Toxic metalliferous soils occur widely in both 
temperate and tropical regions. They often are the 
result of recent mining activity, but there are some 
areas where the toxicity is of ancient origin and 
there has been no subsequent disturbance of the 
soil by glaciation or other factors. They provide very 
extreme types of environment and, therefore, strong 
selection pressures. So it is not surprising that a 
considerable amount of evolution in response to 
metal contamination has taken place in a wide range 

seed sample adult ,arnpte 

3 

2 
dry 
weight 
(q) 1 

acidic calcareous acidic calcareous 

soil 	 soil 

Figure 5. The contrasting responses to acid and calcareous soils 

of different genotypes of a population of Dactylis glomerata 

(a)derived from seed sample; (b)derived from tiller sample 
(Crossley and Bradshaw, 1968). 

of plant species, leading to the development of metal 

The evolution of metal tolerance has now been 
well studied and forms one of the best examples 
of evolution in plants. The work was recently re
viewed by Antonovics et al. (1971). In all the cases 
that have been studiedJ, melal tolerance is found 
to be a property of particular populations of species, 
those growing on metalliferous soils, and not a 
property of whole species. It appears to evolve 
rapidly in response to the occurrence of metal con
lamination; considerable tolerance can appear in 
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populations of a perennial grass species such as pop.latons
Agrostis stolonifera in five years (Wu ef al., 1975). Noart-.. .Artificial selection experiments show that tolerance d, W 2 
can be selected in a single generation (Walley et 3.3 /~ iolean Lolium 
al.. 1974). However, this only can occur if the 
necessary variation is present in the base popuhlionn
 
(Gartside and McNeilly, 1974). It appears that those
 
species which do not possess this variation do not
 
evolve tolerance, even in natural situations.
 

Metal tolerance has been studied mainly by the 
use of root growth in solutions conlaining the heavy SIN
 
metal. Tolerant plants will continue root growth at
 
metal concentrations which inhibit the root growth
 
of nun-tolerant plants. This characteristic is not a 
trivial one. It is the Traior characteristic of metal
 
tolerance and leads tc the survival of tolerant plants dry,

in metal contaminated soils and the death of other,
 
normal, imaterial. If seeds of normal non-tolerant
 
plats are sown on metal contaminated soil, they

will usually germinate and develop a coleoptile or
 
shoot. Ihowever, the plants rapidly fall over and die
 
because root growth is inhibited. On less toxic soils,
 
the plants may grow for some time and produce

roots, bnt they (lie later because of an accu~nulation spc~e. -",. , ,..
C,.- , 0,renre
in the plant of toxic concentrations of metal. In
 
contrast, metal tolerant material roots and grows Figure 6. The
n(irrnally. growth of different tolerant and non-tolerantIf the, soil is very dleficient in plant nu- poputations of Festuca rubra and Agrostisstolonifera comparednrmlly. Iwtheisiis e y efosnt inwat r-lik with Lolium perenne (non-tolerant) on a lead/zinc mine withtrients, which is likely in most mint! wastes, appro- and without fertilizer (Smith and Bradshaw, 1972).priate amounts of fertilizer must be added or the 
growth even of tolerant material will be restricted. 
The superiority of metal tolerant materials, especially solution 
when supplied witl fertilizer, is exemplified in Fig. 100 
6, for a lead and zinc contaminated site (Smith and CUpm0i i 
f3r!dshaw, 1972). 0-6 ppm

Metal tolerant material is clearly of considerable 0 
value in metal contaminated situations. It allows O0
 
a plant cover to be established directly on mine Ni --
waste using only fertilizer, without the use of top 0-6ppmsoil or other inert material as a cover. Metal toleranceis, however, fairly specific for individual metals, 

although a certain amount of cross tolerance (foes Pb 100 
occur (Jowett, 195; Bradshaw, 1976) (Fig. 7). This pb 
means that metal tolerant material must Ie chosen 15 ppmin relation to the metal contamination of the site
be;ng revegetated. P B G C 
'1le value of metal tolerant material has been Cu CuNi Pb CONTROL 

dnemonstrated in the pioneering reclamation work
in the derelict areas of smelter waste in the Lower population
Swansea Valley, S. Wales. It was originally shown 
that vegetation could be effectively estalilished on Figure 7. The index of tolerance to different heavy metals of 
(copperandzinc smelter wastes using normal herbage various populations of Agrostis renuis (Jowett, 1958) (index 
species if the wastes were first covered with a deep of tolerance measured as root growth in metal solution/root
layer of sewage sludge or town refuse (Street aId growth innormal solution). 
;oodman, 1967). But furlher work has shown that 

this is effective only for about five years, after which grass (Agrostistenuis) continue growing successful
the metal contamination reappears at the surface ly. In particular, root growth is excellent in the
and the sward deteriorates. Ilowever, in this situa- tolerant material (Goodman et a., 1973).
lion, copper an(l zinc tolerant populations of bent There are many metal contaminated areas on 
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which metal tolerance has evolved, and these are 
potential sources of useful material. In Britain, 
lead/zinc metal deposits are scattered widely in 
Wales, N. England and Scotland. The relative 
amounts of lead anti zinc in the spoil vary, hut levels 
of 1% of each are not uncommon. On these spoils, 
various plant species can he found, notably the two 
grass genera Agrostis and Festuca. Various early 
investigations (referred to by Ant onov.ics et al., 197 1) 
have shown that these populations are metal tolerant. 
An extensive series of trials was therefore carried 
out to assess the valIue of these populations for 
recla mati on purposes using a wide range of sites 
(Smith and Bradshaw. 1972). Some of the results 
for red fescue (Festtcio bra) are given in Fig. 8. 
These show that although conmimercial non-tolerant 

M~Il situations because of its ability to root rapidly and 
0 deeplV. It is likely that part of this superiority isE beca use of to tolerate low levels of 

\ " -'FestucS-Festuca 

dry 

wght 

E'., -I " ,.'
E,:¢o: 

material will grow on some sites, it is usually far 
inferior to both local material of the same species 
from the site (where available) and material from 
Trelogan, a site known to have a population with 
high lead and zinc tolerance (Smith and Bradshaw, 
1972). 

From this work one population of Festuca rubra 
from Trelogan has been identified as growing very 
successfully on all sites. This has become the basis, 
after some further selection, of the variety "Merlin" 
which now is commercially available for use on 
calcareous lead/zinc contaminated sites. It has been 
found to grow successfully even where the site is 
extreme, in other ways besides metal toxicity-for 
instance, where there is instahility because of fine 
particle size of the material or steepness of slope. 
Indeed, its superiority is even more marked in these 

ability major
plant nutrients, This has been shovn in lead tolerant 

material of Agrostis ten uis (Jowett, 1959). 
rubra occurs naturally oil calcareous or 

neutral soils only. For acid lead/zinc contaminated 
sites, lead/zinc tohlrant material of bent grass 
(Agrostis tenuis) has been developed by the same 
methods. For copper containiatedl sites, copper 
tolerant material of Agrostis tenuis has been devel
oped. These two are now commercially availahle 
as the varieties ";oginan" and "Parys," respectively. 
Large quantities of seed have only becone available 
this year, but large-scale trials of all three varieties 
show that they have outstanding persistence in metal 
contaminated areas. Some fertilizing is necessaty 
to insure the build-up of major plant nutrients, but 
this can be kept to a low level (about 50t kg/ha 
of N and 25 kg/ha of P and K per annum). 

Such material exemplified the potential that is 
available in bre.ding plants for metal contaminated, 
or indeed oth(r, situations. It is not possiie for 
one variety to be successful in all environmental 
situations, any iore than in normal agricutllure. 
However, metal tolerance is known to occur very 

hwidely in many differing grass and legume species, 
in temperate andl troipical climates (for review of 

occurrence see Antonovics e a., 1971). These t)1)1
lations should be identified and used. 

Selection experiments have shown that if the 
variability is present in normal populations of a 
species, it (;an be selected very rapidly. It could, 
therefore, be worthwhile screening species already 
adapted to a particular region to see if useftil metal 

, tolerance is available. The screening technique is 
' ,. extremely simple-it merely involves sowing large 

Figure 8. The growth on different lead .zinc mines of different numnbers of seeds of the species on the appropriate 
populations of Festuca rubra (the local population is derived metal contaminated soil and retaining those plants 
from the site of the trial) compared with Loliurm perenne which are alive at the end of six months (Fig. 9). 
(non-tolerant) (Smith and Bradshaw, 1972). These can then be put into a diallel or polycross 
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Figure 9. Seedlings of a non-tolerant population of Agrostis tenuis after six months of growth on copper contaminated soil 
(Walley or al.. 1974). 

and progeny screened again for Iolera:nce. The such as tolerance It) several different heavy metals 
progress under selection can be considerable (Gart- can be incorporated into the same material. 
side and McNeilly, 1974). 

There is no reason why this approach cannot also REFERENCES 
be used for adding another tolerance to tolerances Anonovis, I., ratshaw, A. ., and Turner, R. . 171. Ileavy 
already existing. Selection for tolerance to zinc in tncal tolerince in plants. Adv. Ecul. Re~s. 7:1-H5. 
material already t)lerant to copper has been shoit) Bradshaw, A. D. 19M). An ecologists viewpoint. InEcological 
to Ie effective (Wailey et al., 1974) (Table 2) In aspects of It, minmra nutrition of plants, vd. I. H. Rorison, 
this way, plant material (canlhe tailored to the pp. 415-27. lrit. EcoI. Soc. Synp. 9. Blackwell, Oxford. 
requirements of the problem situation. This is being . 1976. Thu evolution of heavy nelal tolerance and its 
carried out in our laboratory. At first sight, this iay significanci! in inil reclantatiot. It Hea-vy metals in the envi
seen a large ai ou nt of trouble for solving in riitin, ed. T. C. ttchinson. (In press.) Toronto itiv. Press,
 
individual problem. But areas of mining dereliction Toronto.
 
now being produced are often extremely large anid Crossley. G.K.and Bradshaw, A.D.1NMI1. Differei:es in response


to mineral nutrients of poptilat ions of ryvgrass, Loliain renrunnethe tolerant material, once it has been produced, L., and orchard grass, liictylisgloner fi L. Crop Sci. t1:3113-87. 
can he tised in substantial quantities. It is also likely Garlside, D.WV.antl McNeill, T. 1974. The potential for evolution 
hat (h e material Ican be used oin other similar sites of lteavy nela l tolerance in plants. II. Copper toleranc:, in normal 

it the s amine cliinat ic zone, particularly if versatility popu lations of different plant species. Hterdity 32:'335-48. 
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TABLE 2. The zinc and copper tolerance of surviving seedlings of various sampleF of Agrostis tenuis
 
after screening for zinc tolerance
 

(Walley et al., 1974)
 

Population 	 Individual 

1Normal population selected 
(survivors from various zinc waste/soil 2 

3mixtures) 
Copper mine po pulation selected 1 

(survivors from various zinc waste/soil 2 

mixtures) 
Pasture population 

(individuals from a pasture) 

Copper mine population 
Unselected 
(seed grown on normal soil) 

Copper mine population 
(individual from a mine) 

Zinc mine population 
(individual from a mine) 

I.s.d. (5% prob.) 7.1. 
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Walley. K. A., Khan, M.S.I., and Bradshaw, A. I). 19 '4. The 

potential for evolution of heavy metal tolerance in plants. I. 

Copper and zinc tolerance in Agrostis tenuis,.Heredity t2:3t9
19. 

Wu. 	L.. Bradshaw, A. D., and Thurman, 1). A. 1975. The pohnlial 

for evolution of heavy metal tolerance in plants. Ill. l'T rapid 

evolution of coppeIr tolerance iii Agrostis stlon ift'ra. livrldi " 
:34:165-117. 

DISCUSSION 

G. A. lung (Pennsylvania, USA). You indicated i 

greater uptake of calcium. Could you tell us whether 
that efficiency is also exhibhited when you have more 
calcium ill the soil? 
Bradshaw. At the highest level of calcium, the two 

populations of Fesltca ovilla were similar hut not 

in the work that Roy Snaydon did on Trifolitni 
repens. lHe found that, hoth for calcium ind for 
phosphorus, the populations which were tolerant 
of low levels of either had higher levels of calcium 
or phosphorus, as the case may be, throughout the 
whole of the range of treatments we gave, quite 
conspiciously so. 

W. Smith (Texas, USA). I'm interested in the content 
of zinc and copper in the plant lissue. 
Bradshaw. Well, thlat's ail interest ing point. Toler

(tc does no 
In cop sop metals from geting into the hsemt. 
In copper tolerant plants, though, the metal seets 
to reside almost entirely in the root and you get 
very low levels in the tipper parts of the plants. 
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It appears from the work that's been done that there between commercial varieties of alfalfa. Dupuits is
is a complexing system that holds that copper in better than Buffalo on a strongly acid soil. But we
the plant illan innocuous form. For lead arid zi lrc, tried to repeat that on different hatches of the same
it does appear in the tolerant plants that the metals soil and we could not do it. We finally decided 
move ilp into the tops of the plants, but the levels that one of the problems was the extreme variability
are lower in the tolerant material than they are in from plant to plant within a variety. You will find
the non-tolerant material. Iere are soJme values from within one pot of an acid soil plants that are from 
a pot experiment for exactly the point that you raised 2 inches to 13 inches high. Finally, Dr. Clarence
involving populalionsof l.estica on lead/zinc waste. ltanson and I went in and selected from the low
Without fertilizer the(commercial non-tolerant pop- lime levels (pt of about 4.5 to 4.9) individual plants
uilation has 2000 mg/kg in its upper parts, whereas representing strong and weak populations together
the tolerant material has only 300 or 400.The same and then polycrossed them with bees, intercrossed
,qIpplies to zinc; commercial material has almost 4 000 them within each group, and eslablished two popu
mg/kg but the tolerant material has only 1500. Iations. Then, these two populations were subjected
Ilowever, if you pll on lots of fertilizer you actually to Tatum and Bladen soils which are known to be
equalize the uptakes. Animals can't eat this material aluminum toxic and recurrent selection was prac
as a substanlial part of their diet. By this system ticed to try and shift the population on a statistical 
you're not going to make! grazing pastures out of basis from the sensitive end to the tolerant end.mnetaI wastes containing, say, 1% lead and zinc. But We have a paper published in this year's Plant and 
it's perfectly good for stabilization. I think we don't Soil on this. 
know (nough a bout the range of variability at the Tom Devina is the senior author. He is the plant
moment. You see, Lotus is a very interesting example. breeder that you might contact on this work. Also,
As far us I can see the seed sources that we have Jim Elgin is carrying on this work. The evidunce
in Britain are grown on calcareous soils and I don't is that aluminum tolerance in alfalfa is genetically
believe that it's anything like the same species, controlled and that you can, by recurrent selection 
particularly judging by what I said when you were techniques, shift the population a little bit, but wegiving your paper, as the material which is growing still have a long way to go-only a small percentage
in other places on acid soils. I don't think when of the plants are tolerant. 
we look at Lotus corniculatus, as a case in point, There are another couple of points on this. I think 
we should consider it one thing by any means. It another hope is sonie work that we've been doing
may be very confusing when you buy seed from with lupins. We have just done these studies in 
a local supplier, because you just don't know where, pot culture. But we find that the chemical factors
unless you (can identify it, it has been raised or what are so dominant that w, can find them in the
its piast history is and so you may get some very greenhouse and be pretty sure they'll persist in the
(:onfuse(d results. One person rnay say that they get field. Aluminum toxicity dominates everything else
Lotus corniculatus to grow (,n an acid soil and so in the pot cultures we have found that white
another on!, I suspect, will say he cuan't get it to lupins, Lupines alba, from several sources in the 
grow. Tbis woul dleprend uipon what material they world are consistently more tolerant to an acid mine 
got hold of. Certainly, if the species we've looked spoil at pH11 4 than, let's say, Lupines luteum, al(1
at are'r anything to go by, this could well he true. several sources of seed indicate this. Of course, again,
So it shoul I be very interesting if anyone else has we fertilized this soil with nitrogen because we didn't 
got any experience on this varialility within legume do anything on inoculation. But under those condi
species. tions, we find that yellow lupins are always chlorotic 

on the acid soil of p1-I 4-that's on mine spoil.0. Bennett (West Virginia, USA). We've got a man Furthermore, I found on the Cecil soil that I could
in the audlien ce, Dir. Ciharlie Foy, who has been doing induce the same type of chlorosis by adding excess 
a lot of' wosk i this area arid I'd like to hear his manganese. It looks like it's an iron problem that's
ommnrits. induced by anl inmbalance between iron and several 

C. Foy (Beltsville, Maryland, USA). I was hesitating metals on the mine spoil. And whatever it is,it
because we ha(ln't studied the nodulation question, is very consistent. The white Iupins are superior.
which is of practical significance inlthe final analysis, I understand in Australia they are grazing them,
but two or three pieces of work might be of interest they are using then for seed, for feed and so on. 
to you. First, we started studying alfalfa varieties Another thing. very recently I have been stu(lying
and I asked the, plant reedlrs if we should c(onsider sore trol)ical plants and the hyacinth bean is tre
them legumes. Without exception,i the!y all said let's ruendously tolerant to an aluminum toxic Tatuni 
not complicate the picture; let's leave them as non- soil of pHi 4.2. It gave very little lime response at
legunres anti fertilize therri with nitrogen. So we 4.2 where most legunies will die. The hyacinth bean 
did that uid we established significant differences is a tall thing that grows 10 feet high and can be 
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used for human food as well as for other purposes. 
But it has several different names which Iunderstand 
are constantly being changed-hyacinth bean, Lab-
lab purpurea, and there's still another. 

are a numberD. Plucknett (Hawaii, USA). There 
of tropical legumes which do, I think, fit a number 

of ecological situations that are very difficult. Dr. 
Bradshaw mentioned this and it is certainly true. 

We have known that St'losanthesspecies were very 

tolerant of aluminum toxicity and this sort of prob-

lem. But there is a new. inuch broader collection 

of Stylosanihes being made by the SEAOT in Colum-
bia by Burt (Groff under sponsorship of the Interna-
tional Board for Plant Genetic Resources, and he's 

found some very iiatkrestirig extremes of tolerance 
that we didn't have before. I would also mention 

to these tropicalthat I second the idea of going 
areas where there are some very difficult and unusual 

soils. High titanium soils exist in the tropics, there 
are plants that have adapted themselves or evolved 
there; there are very high aluninum soils of various 

There are many of these kinds of unusualkinds. 

soils which you would never think would be possible 

and I think we really should be exploiting these 

more than we have. 


J. E. Winch (Canada). I would like to compliment 
Dr. Bradshaw on a fine piece of work. I think this 
is a good start. However. I do have some questions 
about practical use of this sort of thing. If we develop 
specific lines or ecotypes for specific situations, how 
is the commercial operator going to obtain seed of 
this specific kind or type in the quantity he needs 
to do the job? And the second point is that he has 
shown quite amply that there are tolerances within 
the grass species to lead, copper and so on. I just 
wonder if he has had any experiences with any of 
the legumes in this direction? 

Bradshaw. These are two very interesting questions. 
As to supply. you're always going to have a problem 
with the supply of seed for a small local area. Various 
speakers talking about hill land and providing spe-
cialized adapted materials for it have raised this 
point. Dr. Breese. in particular, made this point and 
they were trying in Aberystwyth to get species that 
would do well in the lowlands and yet do well 
in the hills. Now, I think that is obviously the way 
one should try to go but when you get to these 
very specifically difficult sites I think one has got 
to be prepared to prod(uce something special. I look 
at it in two ways-if a mining company has a large 
continuous profitable operation, it could afford to 
develop its own material doing all the sorts of things 
we did. When you can circumvent the trouble by 
picking up clonal material and using that by hand, 
really the operation is terribly c~heap and simple 
and as you saw in the last slide I showed, it was 
being done. The project I described used only 11/i 

people working for three years to get that far, with 
a bit of time afterwards to produce the seed. The 
seed is now being produced, so it isn't impossible. 
We just got 2 cwt of Merlin back after three years 

of seed production. I think it is feasible though it's 
going to be more expensive than normal seed. I also 

think that it's important now that some of the mining 
operations are very Oig and they could therefore 
afford to do it. 

The other question is actually more important. 
I was going to raise it myself. It occurs throughout 
the whole of this symposium that legumes are clearly 

very important things. They represent, particularly 
now with the price of nitrogen being what it is, 

a very sensible way into soil improvement problems 
and never is this more visible than on derelict lands 

produced by mining. You start with almost nil. With 

regard to metal tolerant legumes, we've never come 

acrtss any in the temperate region but I wonder 
about Lotus corniculattis, because I once found this 
on a mine site and we haven't yet got around to 

looking at its tolerance. But I think there is a very 

fascinating area of investigation here, because if you 
look at the literature there is a whole series of legumes 
to be found associated with the acc(ounts of ,netals 

in tropical and subtropical regions. The particular 
person who has shown this is Professor Mild, Bota
nist at the Uni ersity of Rhodesia. Some of these 
old metal anomalies which have been in existence 
since the tertiary, have quite a range of legumes. 
Nobody else has ever shown that they are specifically 
tolerant but they are growing on these metal areas 
so I can only presume that they are. The next thing: 
are they any good-are they just growing, you might 
say, not as legumes as we think of it, just as plants? 
Do they get their nitrogen by other means or have 
they got tolerant rhizobia? I don't know. I think 
it's a very interesting area-it's got a very interesting 

academic challenge, and if you could get a legume 
that really was metal tolerant it wouhl be very 
interesting. 

But I would like to raise a inore general point 
and it comes out of Mr. Barrows' talk. What about 
legumes for extreme acid soils? When you've got 
these pyrite problems they tend to be there even 
if you cover them up with a hit of topsoil. It would 
be nice to have legumes that would tolerate these 
extremely acid conditions. I'm very aware of the 
fact that sometimes when we're struggling to grow 
clover on acid, siliceous %vast(e which was produiced 
by China clay extraction in Cornwall. we're strug
gling to grow clover putting lime and phosphorus 
on and in our check plots we're pulling out llex 
europeas because it's getting in the way-growing 
perfectly well without any apparent assistan:e from 
anything. I hon't really understand where it gets 
its nutrients. So, we have some species which are 
no good really-you can't use (llex europeas (gorse) 
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as a grazing plant-but have we done enough on Mining of Coal in Appalachia. I'll mention themlegumes, or in the United States has enough been briefly, Kura clover and zigzag clover (Trifolium
done on legumes, for very acid conditions-either amuigum and T. medimn). But where do we getspecies or idenlifying populations within species? the seed to produce them? These are poor seed 

producers; some produce seed that is difficultH. L. Barrows (Washington, toD.C., USA). Yes, we harvest. Birdsfoot trefoil (Lotus corniculatus) is reare working with hegurues. In fact, George Griebel, commended in western Maryland for strip minewho has been working on this, is here today. We revegetation. Ladino clover does well for a year or
haveibeen screening our entire rhizohia collection two bul we don'l know why it dlisappears. In southernin an effort t) find those that ca; be grown success- West Virginia we have crops of alfalfa. Now, we'vefully on these very acid conditions. We also are had to plant a weevil resistant variety but it's persist
looking at steps that we can Lake to neutlralize the ed for four or five years. Crownvetch does very well.toxic factors in the soil to give bolh leguimes and We have sericea lespedeza, which is plantedrhizobia better opport:ities for growth. We've had throughout West Virginia. So there are many that
quite a hit ofsuccess in (-slablishing various legumes. are now currently being used in the AppalachianWe have eight or ien that will grow very well-they a, ea for this purpose. As far as selecting the aciddo nodulate. I lon't know whether we have any tolerant strains of rhizobia, I've had a little bit of(lata at this tinw as to how well they fix nitrogen, difficulty because you can't (1o it on a solid medium.but they may. We are able to get nolulation on At the pfls we're working with, the agar does not 
sone of tlhese very adverse soil conditions. gel. So, we've had to go to liquid cultures, and it 

is very difficult to find media, but they are persistingG. Griebel (Beltsville, Maryland, USA). We have and they're obviously producing nitrogen. Howidentified some species whiich are listed in the USDA much they produce or why, we still don't kr-ow.publication Reiegotation of Land Disturbed by Strip We're just getting started on this. 
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Reclamation of Surface-Mined Areas in the United States
 
H. L. Barrows 
United States Department of Agriculture, Agricultural Research Service, Washington, D.C., USA 

Whether we are digging for earthworms with a remainder primarily for stone, gold, phosphate, iron,hand trowel in our backyard or digging for coal uranium, anti clay (Newport and Moyer, 1974). Overwith a mammoth machine that removes 168 cubic 1 million ha still need reclamation (USDA-SCS,meters of earth with each bile, we have the same 1974). Areas disturbed by mining increased by aboutohjective: we v'ant to use the resource that is within 0.5 million ha over the past ten years (USDA-SCS,
Ihe earth. If we are digging in our backyard, we 1974). We are currently disturbing about 80000 hawill make certain that, after we have removed the per year. By 1980, we will have disturbed 2.2 millionearthworms, we fill in the hole andi smooth the area ha (Newport and Moyer, 1974). It is conservatively
so it can be used for lawn or garden. The same estimaedtlhat more than one-third of the land areapr~nci phI must apply when we are disturbing larger in the United States has the potential of beingareas. Once the resource has been recovered, we seriously disturbed by man at some time in the future.
must restore the areas to at least their premining This would include inining for minerals and fossillevel of productivity. Uintil recently, however, this fuels andi disturbance by large construction projects.has not been the practice in the United States. It is important, therefore, to develop the technologyWe have vast areas of (listurbed land in this required to revegetate and reclaim large disturbed 
country. The Soil Conservation Service (SCS) esli- areas.
iiated that as of January 1, 1974, a total of 1.8 million Inasmuch as coal imiining is responsible for almostha ha( been disturbed by surface mining (USDA- one-half of the (listurbed mine land in the I.S., mostSCS, 1974). Alnost half of this mining was for coal, of my remarks will be directed toward this activity.
about one-quarter for sand ani gravel, and the I will comment briefly on our coal reserves, then 
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review Ihe giovth of sort ace mining activity in this 

country, examine the environmental prohlhlns asso-

cialed with mining and reclamation, review the 

research curre n tly underway and identify future 

research needs. M y agencies are conducting re-

search on strip n.ilcnid.,;ination; however, I will 
be placing paIriti*ular cipmhasis on the research pro-

gram o" :ht, Aiciculturi Research Service (ARS). 

COAL RESERVES 
theFor CenttUries man has recognized some of 

advianltages and disadv,ant,lges of coal. The Chinese 

are said to have lst'd coal as longl ago as t00 B.C. 

The first docunielted evidenct, that coal minedwas 
in Europe is in the chronicle of the monk. Reinier. 
al)out A.D. 1200. During the reign of Edward 1 

1239-1307). the death penty vltwas imposed on those 
folnd guilty of hurning coal due to the noxious 
flmes emitt'( (Encyc. Britarni,'ll, itI63. 

C(oal deposits are located in most of the major 
contries of the' world. Nlinland China has vast 
deposits. is does the niittdI Sttes, the ISSR. Del-

giurn. France, West ;,;'many, ind the Netherlands. 
North and South Korea. North Vietnam. the United 
Kingdom and the Republic of Soith \frica also have 

large reserves. The total original world resources 

are estimated at 15.1 trillion MT. The identified 
U.S.world resources are 4.9 trillion MT, with the 

contribution to this being 1.6 trillion MT, or about 

33% of the total world supply (Averiti, 1975). 
Alaska and 36 of the 48 conterninotis United States 

have coal deposits. The locations of the major coal 
deposits in the 41 conttrmninous States armt,!presented 
in Fig. 1 (Averitt, 1975). Thirteen percent of the total 
land area in the U nitel States is undterlain by coal. 
Two states, Illinois and West Virginii, have coal 

deposits underlying over two-thirds of their land 

area, and thirteen sties have (leposits under 20 to 

45% of their land area. (Oer96";, of the 17 billion 

NIT of anthracite reserves are in Pennsylvania; most 

of the remainder is in Arkansas and Virginia (Averitt, 
1975). Approximately 70"; of the 1.6 trillion MT 

of bituminous coal and lignite reserves are west of 

the Mississippi River. HI'owever, hased on caloric 
vilue, about 55";, of the restrves are eiast of the 
Mississippi River. with the largest concentration of 

high-quality oalii theAppalachiai Region (Averitt. 
1975). Based on an estinialed 60 to" .";, reciverv 
with pr('stnl-diiy technology (Lourie, 196H1), our 
estimated recoverable reserves are between 960 and 
1024 billion MT. In 1973. we producite 542 million 
MT of coal (Averilt, 1975). Even with estimates ruf 
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1 billion tons annually by 1980 (Hunter, 1970), our 
known recoverable reserves will last us nearly 1000 
years. However, removal of the remaining recover-
able coal could disturb almost 184000 square kin, 
an area larger than the states of Pennsylvania and 
West Virginia (Averitt, 1970). 
GROWTH OF SURFACE MINING 

Coal mining in the United States began in 1701, 
along the James River, near Richiond, Virginia, but 
coal was niot ninmed comnmercially until 1745 (Encyc. 
Britannica, 1963). 'I'lh first coal mining probably 
couhl he classified as surface mining. Coal was 
chipple(llot of the ledges discovered along river 
or streainbanks. Some of the overburden was re-
movid vith pick and shov(ls, but with the tools 
avaidla)l, it was not practical to remove more than 
a few methrs of overbu r(en. The early ininers were 
then forced to :,unnel into the coal seams to remove 
it. This set the pattern for (:oal mining inthis country. 
Indeed, most (if the hundreds of mines that went 
into operation bet ween 1910( and 1945 were subter-
ranean mines, tunneling for miles into the m(eand(er-
ing ridgs. 

This picture changed. however, with the develop-
ment of large earth-moving equipment. It was then 
possible to remove greater depths of overburden to 
reaich the coilI seai. In 1946, the average depth of 
oveil'ihrden reimo)ved was 1(0 in, and the deepest cuts 
were only about 21 in. ly 1970, the average depth 
otf overburden removed was 17 in, and the deepest 
cuts wer 56 in (Averitti, 1975). The amount of 
overburden that can he removed to reach the coal 
seam depends basically onl economics. The operator 
(:an afford to remiove more (verblurden to mine i 
high-grade :oil tiIhan he can to mine an inferior cial. 
Also, if he can reduce t :ost of eartlhmoving, he. 
can aflord to remove more overburden. Ii 1946. the 
ratio of the (lelith (If overlurien removed to the 
thicl,o of coI was 6:1. In other words, theIss seam 
oper, tors remnoved 6 in of overhurden to recover 
a I-i v,'ein of coal. In 1955. the ratio had increased 
o i8.5:1, and in 1970, it was 11:1 (Averitt, 1975). 

These ,irv average figures, and it is quite obvious 
that many l)erahors exc:ed them. l"or example, in 
1965, the average ratio in Oklahoma was 29:1, and 
in parts o)f Illinois ratios larger than 30: are being
iisvid. Averitl (1975) suggests that, "within the lift 
and swing limits of existing machinery, the 30:1 
ratio is technically felasihle as a maximum for present 
and neilr-fiiltlls!Strip mining.* 

'[he pe:eniige of ioal min(ied by surface mining 
is in(reiasing. In 1917, strip mining accounted for 
only 1% if the total ciil min led in this :ountry. 
By 691,this figurc had risen to 34 % (Averitt, 1970) 
and in 197:1, it was almost 50% (Averitt, '1975). In 
1965, only 41% of the total land area ill the West 
hail been distlurled by surface mining. Obviously, 
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this pattern is changing. Forty-five percent of the 
nation's coal reserves lies in North and South Dakota, 
Montana, and Wyoming, and 23% of all reserves 
is in North Dakota (U.S. Department of the Interior, 
1973). This coal is under terrain that is ideally suited 
for intensive surface mining by massive machines. 
Approximately 70% of our strip-mined coal is used 
to generate electricity (Averitt, 1975). Many large 
electricity-generating plants havebeen built adjacent 
to the Western coal fields. Some of the larger ones 
will consume nearly ten tons of coal a minute. As 
our energy requirements increase, coal production 
will increase. An estimate(] 1 billion MT of coal 
per year viii be required for generating electricity 
by the year 2000 (Hunter, 1970). Lignite production 
in North Dakota alone is expected to increase from 
5.7 million MT in 1972 to about 41 million MT 
by 1990 (Sandoval ef al., 1973). Almost 100% of 
the coal removed from North Dakota, Montana, 
Arkansas and the Southwestern U.S. is surface 
mined. 

Due in part to our increased need for energy and 
in part to advantages of surface mining over under
ground mining, the percentage of coal removed by 
surface mining will continue to increase. The output 
per man-day is more than three times greater and 
operating costs are 35 to 40% lower with surface 
mining than with underground mining (U.S. Depart
ient of the Interior, 1973). Coal recovery also is 

much higher, often reaching 90% as comtoared with 
50% from underground mining. Furth, -lining 
fatalities are five times greater in undergro.,.id min
ing than in surface mining (Averitt, 1970). 

ENVIRONMENTAL PROBLEMS ASSOCIATED 
WITH SURFACE MINING 

Appalachian Region 
Early surfce mine operators in this country had 

no legal restrictions. Most often they did not own 
the Iiand surfac( thev mined, just the minerals be
neath th(, surface. Ti-ey were free to remove these 
minerals by vhatwer means necessary. They did 
just that and made no effort to reclaim, or even 
partially stabilize, the piles of material thrown aside 
during the mining operation. In the wake of the 
miners lay a ruined, denuded landscape that could 
not support vegetation: soils sul)jec:t to accelerated 
erosion, rockslides, and landslides: streams clogged 
with sediment and acid: and impaired groundwater. 
B]ecause of the harshness of these residues, many 
mined sites in the Appalachian Region still are 
without vegetative cover decades since they were 
disturbed. Branson (1974) estimates that more than 
600000 ha in Appalachia have been directly affected 
by mining. 

In 1939, West Virginia enacted laws controlling 
surface mining. Indiana acted in 1941, Illinois in 
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1947, Kentucky1943, Pennsvlvania in 1945, Ohio inl 
in 1954, and Maryland in 1955. Now over half of 

the states have laws regulating surface mining of 

coal and other minerals, and there are federal regula-
tions governing strip mining on federally owined 

land in the %Vest. Ihe early laws. while placing 

certain restrictions on the operators, generally did 

not offer adequate guidelines for methods to stabilize 

the disturbed areas. The technology was not avail-

able. 
In the Appalachian Region. coal is mined in very 

rugged terrain-steep mountains bisected by narrow 
valleys. Coal seams are almost horizontal. In the 

early days of mining, the seams were exposed hy 

scraping off the overhurden and pushing it down 
result was an almo0stthe mountain slope. The fina 

level hench, followingo the coimtour arund the 
ad a shtI'Pmountains, with an exposed high wAll 

outerslope consisting (ofhighly ero(dible overburdehn, 
The SCS estimates there ire ,ipliroxitmlv 58110(5 

km (f unstahle outer slopes ( 'S)A-SC'-',. 1t9173. The 

key to stabilizin" this material is to0 ristorl the 
cover. hut the materi,il is not conduc~ivevegetalive 

to nitural revegetition. The spoil materils ire highly 
varia l, consisting of soil, subsoil, nd utiweathired 
rock. They are practically devoid of organic matter 

and plant nutrients. Thi very vlow v,ater-holding 
capac(ity, 3 to 5";, (Jones vt i&.. 1975h), a(nd the highly 

:lispersed clays result in a surfice en', irmient that 
is often dry and covered with a thin i:rust almost 
impermeable to water. Furthernmore, th, pyritii, rok 

associated with the :oal sa,,ms oxidizes wwin 

exposed ti air. It then rear:ts with water frming 
sulfuric acid, which further :ontribites !oaln inhlts-

pitable environment for plant prowth. Many spoil. 
in Appalachia have a ptt as low as 2.5. Few pl;kints 
will survive at this p11. Also. the ar:idity (:iusis ther 
minerals to become available in anmunts toxi( to 
plants. Toxic levels of Al. Mn (Ber, ind Vogel. l9titi, 
197:3), Cu, Ni, and Zn (Massey, 1972: Mass\e ald 
Barnhisel, 1972) have been reported in aiidiic spoil 

material. 
The acidity in the spoil material is not only 

detrimental to plant growth, but is leached or carried 
by runoff water to streams and rivers where it :auses 
serious problems for fish and other aquatic; life. Acid 
drainage, 12% )of which cormes from surfa;e mining, 
has seriously polluted over 9.00(1 km and altered 
almost 17000 km of streams in Appalachia (Appala-
chian Regional Commission, 199(i). In 1970, it was 
estimated that leaching and erosion oif mine; spoil 
banks contributed more than 1.8 million MT of 
sulfuric acid to streams annually (Averitt, 197(). 
Vimmerstedt (1970) reported grealer sulfate, Mn, Fe, 
and Al concentrations in Ohio streams draining 
strip-mined areas than from non-mined areas. Con-
centrations often exceeded those ac(eptable in water 
for domestic use. Davis (1973) reported 18 mg/l 

ISA 

Mn and 990 ing/l sulfates in the Tradewater River, 

which drains mined areas in Kentucky. lie also 

reported sulfate concentrations of up to 1 260 mg/I 

in a watershed disturbed by mining, as compared 
with only 50 mg/I total dissolved minerals in an 

undisturbed wathershed. 
Without adequate vegetative cover, much of tihe 

precipitation falling on tlhe disturbed area iminedi

ately runs off the surface. Peak flows are three to 

five times greater from mined areas than from undis

turbed areas (Curtis, 1972). This results in severe 

erosion as well as failure of the miter slopes. It is 

estimated that over l";, otfthe strippml land in 
eroded or subject to erosion. FmtyAppalachia is 

percent of the strippev( land in Appalachia is eroded 

eno0ugh to form rills and small gullies, and 12 ; 

enough to form gullies more than 30 (:im deep 
on a survey conducted(ISIJA-SiS. 1973). Based 

in Kentucky. an eslimated 12", of tlhe outerslope 
area had fiiled, carrying large masses (ofspoil do'wn

slope and into strealm channels (Curtis. 1973). Curtis 
(1971). relmrted sedimnill loads (if um) to Atiitltii mg/I 

Kvnt ti:ky.from instrumentild watrshleds in 
150 ng 1lini runoff from i(Iimcitet(ompare this with 

undisturbed watersheds. liamther Kentucky study 
lBranson. 1974), the (:(oi,:ntrition o)fsediment ,i

livered to a stream from a rmined area was 112 i0 
rngil as coli'tfeid with Iiti Ig/I ill lilluifietil 

streams. Nephew (1,7:1) remrted thi erosion frin 
freshly stripped arias in Appalachia nmv I)e10) 
timis greater than thai from ulndisturl'imd , ritis. 

that strip mning inKenllranson (1!7-I) rep rtitd 
tuckv incr ,sed silttion in streamns iyas much ;is 

15- tio 3()-fo(l to l ohsr''ei sedirmell lmts of 899 

kg 'ha from mimd sites and 5.10TMU/km from haul 
roIds. lransmi t 1971) estitnitl,! that clogging it 

stream :hannels ly sedin,nt has relttced the carryv
inig capacity oif nmte tlhit,0 il theof";, helvilwatr 
streams in Appalachiaj by tw(-thirds or inure. in

creasing the risk oif flooding. 
Western Region 

is mined 
large dragline to dig ittrench through the ,)verhl(len 
to expose the coal seams. Aftir tll!coal is removed, 
a seAinId trench is dug adiacent to the first. and 
the overburden is deposited in li first trei:h. I intil 
laws were paissed that re(luired regra(ling iiil ,:(ivet
ing the sp(til with tolisoil, Ihe topisoil was luriel 
in tlhe bottoim of tlhe Irench all(] Ihe material itomldi
ately above ti (cmil sevam was left in the surface,. 
The final appearance of i,mined irea waits at series 
of roughly parallel ridges and valleys, with infertile 
spoil material on lhe surface. 

While acidity is not a problem in western ctial 
fields, other problems are just as severe. ThI spoils 
are low in P and organic matter and often (nitain 
large amontts of Na, 1I,and Mg. Freshly exlposed 

In Il West. (c(oillsurfme by using a 
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spoil material may contain adequate N for plant 
growth, bilt this disappears after about two years. 
Power et al. (1974a) reported up to 500 mg total 
N/kg in the shales above the coal seam in North 
Dakota. Freshly weathered shal contained approxi-
mately 20 mg NO:. N/kg, but after exposure for two 
years, the N disappeared. Much of the exposed spoil 
material is very fine textured. Spoils from the Tongue 
River and Sentinel Butte formations within the Fort 
Uinion group in North Dakota contained over 50% 
clay-size fractions (Sandoval et a., 1973). This was 
predominantly montmorilonite, moderately saline 
and highly sod ic. Salinity increased in severity with 
depth from the original surface. The 1(w organic 
matter, high clay, and high absorbed Na contents 
render the spoil materials extremely unstable, subject 
to massive piping, or irregular subsidence, and 
highly imnpermeable to water. Sandoval et va. (1973) 
flooded at 6 ;m column of spoil; after four days, 
no water had moved through the column. In sUbse-
quent studies, no water moved through an 8.2 cm 
c(,lun o f spoil even after 127 days in which a 
layer of water was maintaine!d (n the surface (Doering 
and Willis, 1975). Such a soil will support very little 
vegetative growth and is highly susceptible to wind 
and water erosion, 

While surface mining disturbs the natural vegeta-
tive cover, we have developed the technology to 
restore cover in most areas of the country. Ilowever, 
revegetalion is not likely to succeed in areas having 
less than 250 mm annual pre( ipitation unless irriga-
tion is available. Unfortunalely, this situation pre-
vails in many parts of ti western coal fields where 
annual precipitation ranges from about 100 to 500 
mi. An examph is the San juan Basin in northern 
New Mexico, which has an annual rainfall of 150 
to 2(00 mm. Without irrigation, revegetlition atlenpts 
will ihe successful in only one year oit of ten (Aldon, 
1975h). 

While revget ation altinpts in low rainfall areas 
present prlhilrns, they are not nearly so great is 
the problems created by the effect (ofsurface mining 
on the hydrology of an area. This is particularly 
significant in the western coal fields where activities 
such as ranching depend ona barelyadequate supply 
of wilter, and any decreisv in thilt Supply can lie 
critical. li many wvest-rii :oaiil fields, coal seams near 
the surfacei( also servingare groundwater aquifers 
liveslock and domestic wells. Mining operations thi 
(:nit into these may reduce or eliminate the flow to 
distant wells. Mining operatims thal deplete the 
water talle caus, many problems. As Ihe water table 
drops, naltoral protective vegetation in some areas 
may die, thlus exposing the land to more extensi\ve 
erosion. Similarly, stripping operations that destroy 
the surface dr.Jinage features of a mining site may 
have serious hydrologic repercussions on the soir-
rohundling uninined area. Eradication of old drainage 
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channels forces the runoff from infrequent, hut in
tense, storms to cut new channels, thus increasing 
the erosion. Furthermore, drainage water from mine 
spoils is a source of water pollution. In addition 
to sediment, the wih!er carries higher loads of Ca, 
Mg, Na and sulfates that are reflected in the lowered 
quality of the streams draining the area (McWhorter 
et al., 1974). Despite all of this, little research has 
been done on the hydrologic impacts of surface 
mining. 

Oil Shale 
With our limited petroleum supply, we can expect 

oil shale mining to become a greater contri)utor 
to disturbed land. About 30 states have oil shale 
deposits, but the most important deposits are in the 
Green River formation, covering about 42735 sq kin 
in Colorado, Utah, and Wyoming (Pfeffer, 1974). 
Roughly 75% is contained in the 4144 sq km 
Piceance Creek Basin of Colorado. The deposits are 
about 610 m thick and assay at about 86 liters/MT 
(Burdick, 1974). Both deep mining and surface rin
ing will be used to recover the shale. 

Not only are there problems in reclaiming the mine 
spoil material, but the spent shale must be disposed 
of and the site reclaimed. The spent shale votlume 
is roughly 20% greater than that of the raw shale 
in place (Pfeffer, 1974). The characteristics of the 
spent shale depend on the processing method. In 
the TOSCO process, the shale is finely divided-90", 
is silt size or smaller, highly saline, black, and devoid 
of most plant nutrients. In this form, it will not 
support vegetative growth and is subject to wind 
and water erosion. Furthermore, water leaching 
through the material carries with it high concentra
tions of dissolved sails that can conlaminate surface 
or groundwater. We have no satisfactory method 
for disposing of the spent shale. The magnitude of 
the problem can be visualized when one considers 
that in one year the spent shale from one 50000-bar
rel-per-day plant would cover a 32 ha area to a depth 
(f 30 m. There are an estimated 600 billion barrels 
of oil in the three-state area (Dinneen and Cook, 
1974). Water may prove to he the limiting factor 
in the oil shale industry. With present technology, 
it takes about three barrels of water to produce one 
barrel of oil from oil shale. 

ocio-Economic 
Coal development also will have socio-economic 

impacts. Substantial resources now used for agricul
tural production will lie shifted to coal development. 
Land disturbed for mining may be returned to other 
lises. Some land that may be used for transportation, 
industrial, and residential purposes probably will 
he irreversibly lost to agricultural production. The 
iipact of water diverted to coal processing and 
transportation uses will be felt not only locally but 
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vill he affect-downstream. Rural communities also 
ed.Coal development will result in new employment 

and population increases. Existing towns will grow 

and new towns will develop. These comnmunities 

will be burdened with providing a variety of services 
medical facilities,such Is transportation, schools, 

willhomes, and sewers. A funda mental problem 
be financing the idditional services demanded. 

h assessed dnd considered inThese impatcts intust 

the total environmental impact of coal mining. 


RESEARCH ON RECLAMATION OF 
DISTURBED AREAS 

the (pen Cast Act of 1958, BritainFollowing 
developetl high stlndirds andt ttthniqtues fijr stcr-

cessfully retlaiining surface-mined areas (Double-

day, 1974). Technology was also developed for 

highly successful reclamation in Germany. Due to 

the diffemrice in climate and clharacteristics of the 

spoil material in this country, ,i., witht:ompaet 

those in Europe, the technology could not he trans-

ferred directly. Research w ts reded to develop the 

technology required to ievegetate an(l reclaim aieas 

untider the harsh environmeint left by strip mining 

in this country. L'nforti:,tely, practically no recla-

ilation research had Ibeen nlCOMuI:tel in this country 

prior to 1965, and only t limited amount wis 

prior to 1970. This lads changed. Thecowlducted 
Smithsonian Science Information Exchange now 

lists more than 125 projects related to strip mine 

reclamation. wdis caldledThe UI.S, Department of Agriculture 

on to develop technology to revegette the surface
mined areas. Since most of the mined land east of 

the Mississippi River wts ori~ginally forested. the 

U.S. Forest Service began research to develop meth-

ods for reforestation. The Agricultural Research Ser-

vice (ARS) began research on revegetation of strip-

were exploratory green-mined land in 1966. These 
house studies that provided background information 

for field experimmts started in 1970 in West Virginiandewayb~'isnow byand ort Daota.Resarc undrerwayand North Dakotit. Research is now 

several agencies, departments, and states. 

"rocoordinate and man.ige the various reclani tion 
w i hin the USDA, the Depar'mentresearch programs 

established the USDA irogram for Reclamation of 

Lands Affected by Mining (RECLAM) (Secretary's 
Memorandum No. 198, June 1. 1976). The RECLAM 

program is designed to "provide leadership, tech-

nology, and assistance in (1) protecting landiand 

related resources; (2) maintaining andi developing 
ruralagricultural production systems; (3) helping 

people, communities and people in olher economic 

systems deal with problems, needs and opportunities 
affected by mining and related activities; and (4) 

not beidentifying critical land areas that should 
disturbed." The ultimate goal of the program is to 

assure t.lat the nation's energy and mineral needs 

are met in a reasoned, selective, and orderly way, 
livingwithout sacrificing food and fiber, quality of 

in rural areas, or quality of the environment. The 

program is implemented by a coordinating roinit

tee comprised of the Assistant Secretary for Conser

vation, Research and Education, and tiltadministra

tors of those agencies with responsibilities for land 
A Research and Development Workreclamation. 

Group, comprised of representatives from the ARS, 

Cooperative State Research Service (CSRS), E;"co lmoll

(ERS), Forest Service (FS), andicResearch Service 
Soil Conservation Service (SCS) has responsibilities 
for proposing a :o(or1dinated research and develop

ment program to the coordinating committe. Fur
program provides ii nechanisn forthermore, the 

of theclose-working relationships and coordination 
USDA program with other tederal departments and 

non-federal agencies that have major responsihilities 
for mineral management iantI emvironniental re:,earch 

activiand regulations. This insures that thl USDA 

ties are integrated into the overall national progriim
 

of enevrgy id mnieral developmnti.
 
E'ach agency rpreselitutd on tilte andReseillch 

DeTlopmnt Work Gromp has develop!tl i research 

planldescribing its contrihution to the total tISDA 

program. The ARS National Research lProgran (NRiP) 

is entitled Reclamation aid Rvvegetatioti of L.alnd 

Areas l)isturbed by Man (ARS-NRI)-20770). hlev 
to thvelop technologyohjectives of this program are 


and rnethodology to:
 

1. Integraite andnn. use plans intottlmiiglnsrirtrecliiation land 


total mining lanIis prior to mining.
 

2. Restore tlisturbel areas to optimim level of 
or other use.agrit:utiral productivity 

3.Stabilizv disturted areas against erosion, subsi

den vee,and slides.
 
areas.disturbedt land 

Utilize waste m.terials in reclaiming (listrbed5. 

ar6. willife, and aesthetic values6. Improve scenic,of disturbed areas. 

Research under this NRP is currently being con

ducted at ARS locations in Fort Collins, Colorado; 

Peoria, Illinois; Beltsville, Maryland; Ithaca, New 

York; Mandan, North Dakota: Coshocton, Ohio; nii

versity Park, Pennsylvania; Blacksburg, Virginia; 

Morgantown, West Virginia; ianttCheyvenne, Wyom

ing. Results from these relitively new research pro

grams are already being tised to revegetale and 

reclaim drastically disturbed land areas. h'lhis is 
in the work SCS is doing in theparticularly useful 


Appalachian Region.
 
Almost 34,. or 607000 ha, of the total land 

disturbed ly all surface mining activities in the U.S. 

is in the five-state area of Kentucky, Ohio, Pen nsyl

vania, Tennessee, and West Virginia (US)A-SCS, 
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1974). Over 334000 hit of this area have been 
reclaimed; however, thousands of hit still need recla-
mation but are not covered by laws requiring it. 
These are tile so-called "orphaned" lands that were 
milled before adlequiate laws were passe(d to control 
surface mining. The SCS, in cooperation with local 
;onservation districts, is now reclaiming these lands. 

As of January, '1974, over 187000 ha had been 
reclaiimed in the five-state area (IISDA-SCS, 1974). 
WilhOuit tille results Of resealrch this woUll not have 
heen possible. And, '121000) li a of orphaned land 
still need rec:lamation. 

"I'll( early goals of revegetation in the eastern 
[niteud States were reforestation. TheIFS identified 
several species of trees that were tolerant to the harsh 
environment. The success of the plantings (epended 
on the nature of the spoil material and the climate, 
It was not unusual, in the more adve.rse areas, to 
lose an entire planting. Even in those areas where 
trees were able to survive, they offered very little 
protection against erosion during the first few years.
Stludies were then initiated to develop a tuick 
vegetative groun(l cover to protect the soil surface 
until the trees cou](l provide a protective canopy. 
Vogel (1973) reported oin iastudy in vhich cotton-
wood, syc;atn(ire, and Virginia and hhhl0ly pin( were 
grown either ilone, with grass, or with grass phus 
a legunle. After threegrowing seasons, til! vegetation 
had prodl uced 95% grotnd cov(:r, but hadl reduie(d 
the rate of the tree growth. In the fourth and fifth 
years, growth of trees in pltts (ominated by hlgulles 
exceedeil growth in plits with grass only or without 
herbaceous (:onpetition. Furthermore, the vegetative 
(:over offered Inore protect ion against erosion than 
did ithe trees ailolle. 

h'll ARS research program has stressed the need 
for a rapid vegetative ground cover. Grasses and 
small grains fit this requirement. Revegetalion is 
not too difficult in seime iareas, but other areas offer 
extreniely hostile ivi rotments for germination and 
seedling groxvth, Before any intelligent atteml)t can 
he made to revegetate these latter areas, the chemlical 
and physical characteristics of the spoil must be 
identified. These: must include potentially toxic ehe-
nilts its well as essential elmellts. Thus, the pri-
iary em)hasis oif the initial ARS research effort 
was ti identify those c.amcteristics adversely affect-
ing plant growth and to develop inllhods for over-
c:oming them so that vegetaltive cover could he 
estiablished quickly oin the spoil area. This research 
was condtled in cooperation witlh other federal 
and state agencies ill both thl Appalachian Region 
and in tIhe lignite fields of North Dakota. 

Appalachian Region 
The extrele acidity in many spoils in the East 

x%,is probhlly the plrimary reason, either directly or 
indirectly, for Irohlens in revegetation. Many plants 
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cannot tolerate acidity. Furthermore, the high acidity 
released toxic amounts of other elements present 
in the spoils, thereby damaging even those plants 
that could tolerate acidity. The approac(hes were (a) 
to select plants that were most tolerant to the spoil 
conditions, and (h) to alter the spoils to render them 
less harsh for plant growth. Both approaches were 
studied simultaneously. 

Grasses that have shown promise on low pIH 
strip-mine areas include bermudagrass, weepng 
lovegrass, tall fescue, big and little bhluestem, Indian
grass, switchgrass, redtop, deer tongue, and bent
grass (Bennett et a)., 1972). Bern udagrass has proved 
to be particularly good in the Appalachian Region. 
When managed properly, it spreads quickly, pro
duces large amounts of good forage, stabilizes the 
soil, and provides an insulating protective cover over 
winter that reduces freezing and thawing. It does 
require anple fertilization, however. Legumres that 
grow well on the acid strip mine area are birdsfoot 
trefoil, crownvetch, ladino(clover, red and yellow 
clovers, hairy vetch, crimson clover, Kohe lespedeza, 
and Flat pea. Legumes are particularly important 
in strip mine reclamation because they (an utilize 
atmospheric nitrogen. towever, nodulation is poor 
on the acid spoils. Bennett (1973) has summarized 
the adaptability of it number of species to spoil and 
climatic conditions in Appalachia. 

Soil amendments that have been used to overcome 
the toxi(c, acidic, and infertile conditions of strip
mine spoils are normal balanc(ed fertilizers, lime, 
(h(ounite, superphosphate, and rock phosphate. Raw 
rock phosphate has been particularly beneficial. It 
contains approximately 30% P. 0, and 50% CaO, 
but in forms not readily available to phlnts. towever, 
when applied to spoil material, its reaction with 
the sulfuric acid in the spoils neutralizes the excess 
acid and converts tile P and Ca to forms that can 
he used by plants. While rock phosphate does not 
raise the soil p-i appreciably, it does reduce the 
toxicity from Mn almd Al. Bennett et al. (1972) applied 
rock phosphate at rates of 4200 and ft 400 kg/ha 
to a spoil having an initial pH] of 3.2. They then 
grew Tufcote or Midland hermudagrass in these 
plots. The soil p1 was raised only to 4.0 by the 
rock phosphate, but the toxic effect of Mn and Al 
was reduced. The high rate of rock phosphate in
creased yield of oven-dry forage from 0.6 to 9.6 
MT/ha for Midland an( front 3.6 to 11 MT/ha for 
Tufcote. 

Not all plants are as tolerant as bermudagrass to 
low pH. For such plants, lime liust be added. At 
higher pl levels, the availability of P from rock 
phosphate decreases. Therefore, it suitaile source 
of P in a halanced fertilizer is reconmended. West 
Virginia now requires a mniniiun of 5(i kg of 
10-20-10 fertilizer/ha on all reclamation sites. 

Some of the earliest attempts to revegetate strip
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mined areas denonstrated the advantage of surface 
mulches for seed germination and survival (Bennett, 
1971). The mulch retains the surface moisture that 
is so essential and retards crust formation on the 
surface of the seedhed. Furthermore, a surface mulch 
offers some protection against erosion until the 
vegetative cover is esta)lished. The effectiveness of 
mulches to control erosion depends on many ft-
tors - erodibility index, slope length, slope 
steepness, and rainfall intensity. Since these are all 
variables in strip-mined areas, no single estimate 
of the amount and type of mulch needed to control 
erosion can be made. Meyer and Romkens (1976) 
reported that for short-length slopes with :3to 5% 
grade on moderately erodible soils, I to 2 MT'l'/ha 
of straw prevented serious erosion., lowever, over 
4 MT/ha were required to control erosion on 15 % 
slopes, and this rate did not adequately control 
erosion on a very erodible soil with 20% slope, 

Although mulch is effective, it is expensive and 
is not always availaibde in th, (tua'ntities needed ill 
iagiven site. Jones eftaJ. (1975M (lhvised a system 
to obtain a quick groundicover which was then used 
as an in situ mulch to establish more persistent 
herbage of a quality accefptalvlt for pasturaigi or hay. 
In the fall, Ahruzzi rye or [ilueboy wheat was drill 
seeded into a spoil having a pl l of :3.8 to 4.0. This 
was fertilized with 67 kg N, 291 kg P. and 56 kg 
K/ha. In the spring, the whe,it ind rye, which had 
made good growth, were killed using P,maluat at 
a rite of 0.56 kghlia. Barley w,is also studied. but 
it did not survive in the aicid spoil. An additional 
56kg N.118 kg P. 1,0kg K.iand 3.IMT/l, dolonlitic 
limestone were applied before planting grasses and 
legumes in tie sod. With this technique. the grasses 
and legumes made excellent growth. with yields 
of 4400 kg dry matter/ ha. Hiighest yield in the third 
year was 6000 kg of crown vetch '/ha. Thi, technique 
offers a method for establishing a qtuick vegetative 
cover on acid spoil material and providing an in 
situ mulh that promotes germination and stand of 
a more desirable species. Flurthermore, the in situ 
mulch is only one-third to one-eighth as expensive 
as mulching material applied at seeding. 

The steep out,.,r slopes are among the most (ifficuillt 
sites to revegetate. One must contend not only with 
the adverse physical and chemical condition of the 
spoil, but also with the steepness and length of lie 
slopes. Many slopes are at the angle of repose. Seed, 
fertilizer, and even mulches are washed down the 
slope by relatively low-intensity rainfall. Jones vt 
al. (1973) developed a system for overcoming these 
difficulties. They cut a series of horizontal stlairste) 
terraces, or grooves, about :5 to 60 cm apart down 
the face of the slope. The soil amendments, seed, 
and mulches were placed on the steps where mois-
ture conditions were better. As a result, excellent 
germination of weeping lovegrass, birdsfoot trefoil, 

and crownvetch was obtained. After 90 days, they 
had an 80% ground cover on 65' slopes. Forage 
yields from the slopes exceeded 6000 kg/ha after 
one growing season. The stairstep technique has also 
been used successfully in establishing bermuldagrass 
on the steep slopes. 

Forages, in addition to providing a qui(ck ground 
cover with an economical crop, aid in restoring the 
spoil material to productivity. Jones el ad. (1975h) 
established several varieties of grass and legumes 
on a spoil having an initial pll of :t.1 to 4.0. The 
initial organic matter in the spoil material was 0.2 !. 
After four years, tillepIt in the top 22 cn of soil 
ranged from 4.7 to 5.7, and the organic natter had 
increased to 1.3". Organic matter illthe top 7 cm 
under orchardgrass exceededl 2";., and the water
holding capacity of the soil had increased from about 
3 to 14'!;,. This sit, is rapidly being converted from 
a barren, useless site to one that can li;utilized 
for economic crop production. 

More than 50'; of the land in Appalachia now 
being distlurbed by surface mining probably will be 
used iaspasture or for other econonic agricultural 
prodIuction. Yields of u ) to 11 MI berno(Ligrass, 
4.5 MT clover, and 9 M' alfalfa forage/lha have 
been obtained from reserch plots. Specially crops 
are a!so being evaluated. Tomato yields of 45 MT/hl 
and sweet corn yields of 11ot(ears/ha hit'e beell 
harvested. Studies are underway on the poltenial 
of strip-mine spoils to produce buckwheat. crniml)w, 
grapes. iapples, and pieaches. 
Western Region 

Attempts to revegetat the highly sodic spoils, 
such as those found overlying some of the deelIr 
coal seams in the West, have generally Ieen unsuc
cessful. Core samples have shomn an increase in 
the sodium absorption ratio (SAR) as a function of 
dlepth. The SAR is an empirical relationship for 
expressing Ihe effect of sodium on spoil prolo'rti's. 
SAR values greater than altoi 12 indicth, that spoils 
likely iarelIispersed and have physicil properlics 
adverse to plant growth. Values of over (it) hive 
been rneasured iinoverbuirilen at depths of it) to 
90 m (Sandoval Mt al., 1973). If Ihis material, which 
generally is high in (:lay and low in organic inattr, 
is left on the surface, the spoil surface seals, ihereby 
severely restricting water entry, aeration, ainld siilse
qhient plant growth. Wali and Sandoval (1975) 
reported on oee strip-mine site over 51 years 1d1 
that still had only a very sparse iativi vegetative 
cover. The high Ni, comihined with high clay ind 
low organic matter c(iitents, results in ia highly 
dispersed system that is almnost inilermneahle tii water 
infiltration (Sandoval Mila., 197:1; Doering and Willis, 
1975). In one stuidy. 90% of the precipilation was 
lost as runoff from s(l ic spoils, even after rotolilling 
(Power et al., 1974b). lefore Ihese spoils c;Il suplIrt 
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plant growth, they must either he improved through
chemical amendments or covered with more suitahle 
spoil material. Both approaches are being investi-
gated. 

(;ypsul has long been used to improve sodic soils;

Ihe Ca rephces Na in the clay complex, giving i 

more stahe soil structure and aimore suitale envi-

ronment for plant growth. In 1970, field studies were 

initialed near Mandan, North Dakota, in which 

surface ;ipplications of gypsum (22 MIT/ha), straw 

mulch, topisoil (5 cm), topsoil plus straw, and topsoil 

phus gypsuin were coipared with a check. lolh
harley and adapted nitive grasses were plnted ill 
the test plots (Sandoval et aIl., 1973). Gypsum im-
proved infiltration slightly and reduced the SAR
from an initial 2:1 to 14. Even with this 401!, reduc-
tin, however, the SAR would likely restrict plant 
growth. After four years, the SAR in the top 15 ;im 
was abot 65% of its original level (tJSDA-ARS, 
1975) but appeared to he iapproaiching equilibrium. 
Thus, although gyl.sun will reduce the exchange-
ahble solium ill solic soils, it is very slow and may 
not eliminate the problem in highly sodic materials. 

For gypsum to be effective, wilh' must he able 
to pert:olat, through the spoil to leach the displaced
sodinm below the rool zone. IHowever, loering andi 
Willis (1975) dtetvnnstriteld that evvn a saturated 
gypsum soulution (0.03N) did not niaiiiain a suitable
hydrautlit: u:onduclivity for reclamation to )'ot:eed 
ila irat ti:,,l rite. Leii:hing with ctalcitm c:hloride 
stluitins of greatir thi t0.5 N woutihl maintain 
ildequilte hytlritulit; condu;ctivity ftur reclamation 
within i mallttr of thays. I nufortutnmtelv, upIto 27 
MT of calciim :hloride mnd over 500(1 ct in of water 
woutl be requireld to rt;Ihihn 0.- ha to) i depth oif 
30 :im. Obviously, the cost for lu'ge-sci:uh, leaching 
of sodic strip-tine spoils would be prohibitive. 

A htter retimlaatioi methold is to t:over the stuodic 
nateria with suitable topsoil. Iln the 1970 field 
stutlits allMidhtn vegtlutivc grovth was much 
heiter on pltts wilh itloled topsoil than tin any of 
the other trvtrlnients (Sandovail 1-t ail., 197:1). Plhos-
phtirus tefi:ien:y was idtentified and cot w't:tted olur-
ing ithe first year. anti all plots receiving 5 :m of 
topsoil produced excellent stanls of grass. By 1974, 
plots that had receivvd nt topsoil produced essen-
lially nit pereniill griss, whereis th topsoil plots 
had i fair stand of desiralh cttu-seas)u grasses
(I ISl)A-ARS, 1975). Additional studies showed that 
grolh improved ats depth of tolpsoil increased, 
Yields on )l(ts re:eiving 30 cll tif topsoil were tover 
1 wit(})kg/ha for ialive griasses aind 4 500 kg/ha for 
crested wheialgrass (IHSDA-ARS, 1975). This work 
demonnstratel the need for covering the sttdic maleri-
Al with topsoil, hut we (10 not kow the depth that 
is requiredI for adequate reclamat ion. Work is now 
underway to answer this question. In tue study, 
solic spoiIs are being covered with nonsodic subsoil 
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in a gradually increasing depth from 0 to 2.25 m. 
This is then covered with topsoil it uniform depths
of either 0, 20, or 60 cm. Spring wheat, alfalfa, 
wheatgrass, and native grasses are heing evaluated 
on these plots. 

Through the use of topsoil cover and adetuate 
fertilizer, cool-season grasses, incltiding western, 
crested, and slender wheatgrasses, nd green needle
grass, have been established successfully ol sodic 
spoils. However, little success has been achieved 
in establishing and maintaining warm-season grasses 
or other species souita ble for midsunmmer gntizing.

In the more arid sections of the country, such 
as that in New Mexico where the annual rainfall 
is only 150 to 200 mm, supplemental irrigation is
essential for revegetating disturbed land. Aldon 
(1975a) has estahlished alkali smaton by planting 
only when soil moisture is I bar or less, soil temper

° ature is aboutt :10 C. and the probability of rain is 
highest. lie irrigates thoroughly before planting, 
protects the soil with about 13 cm 'of mulch, and 
irrigates again within five days if it does not rain. 

Use of Waste Material 
The initial concern in reclamation is to establish 

a quick vegetative ground cover. This may have to 
he a species that has little economic importance; 
however, it may improve the spoil sufficiently to 
support a more desirable species. If this crop is to 
be used for animal tor human consumption, we must 
be concerned not only with yields but also with 
nutritional quality. We must strive to maintain the 
proper ionic bilance within the plant, but we must 
be actutely iviare of the possibility of toxic con
centrations of spe(ific: elements. This is partictularly
important when waiste materials such as fly ash, 
garhage, or sewaige sludge are used in reclamation. 
Studies atre heing c)nductted(i tthe tise of such waste 
materials in strip-mine reclamation. 

Nearly 30 milliton MT of fly ash are produced
annually (Adams et ill., 1972). Much of this is 
generated by coal-hurning power plants often located 
neat coal mines. Since this material results from
hurning coal, it is logical to return it tio the mined 
area for disposal. lHowever, this must he done in 
an environnmentally safe manner and must not be 
(Ietrimtntal it) the r'eclamation process. Fur example, 
lignite fly ash is not iiccepthle for use in rechliming
sodic spoils. In North Dakota studies, not only, did 
it fail to reduce the SAR, hut it int:reased the p11
Ito high levels, resulting in toxicitic-s (Sanloval et 
al., 1973). Fly ash varies widely in both macro- and 
inicronutrient ranges from strongly acidic to highly
alkaline. It also contains concentrations tf B, Ai, 
Cu, Mo, Fe, and Mn that may be txic to plant growth
if large amounts of fly ash are applied (Armniger 
et al., 1976). Total analysis of fly ash cannot he 
used as the sole guide as to the aco:eptability of 
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a given fly ash. The elements Be, C, Ca, Cr, K, Li, 
Mn, Na, P 1),S,TI. V,and Zn are preferentially 

the surface of the fly ash particlesconcentrated lo 
(Linton et a., 1976). The environmentally effective 
concentrations of these elements are thus much 
higher than those indicated from conventional hulk 
analyses. 
Ailas etal. (1972) applied up to 1760 MT of 

fly ash/ht as a 20 cm surface mulch to strip-mine
spoil. lay yiels from these p lots were about 9 

MT/ha. hut the forage contained up to 103 mg/kg 
B. 25 ig/kg Zn. 13 mig/kg Cu. and 4.3 ing/kg 
Mo. Plass and Capp 11974) raised the pff of spoil 
from 3.6 to 6.4 and increased the mooisture-holding 
Capacity with 330 MT iha fly ash. Ariniger et al. 

(1976) studied theeffect of flyash and rock phosphate 
on tall fescue and hirdsfoot trefoil on at spoil with 
a pt of :.2. Rates were ). 5.6, and 112 MT of fly 

and 0, 4.5, 9.0, aid 13.5 MT of rock phos-ash/ha 
phate/ha. Fly ash incorporate(i into the spoil signifi-
Cantly reduced yieldsof birdsfoot trefoil iascompared 
with surface applications. Boron toxicity produced 
by the high fly ash rate reduced yields, of hirdsfoot 
trefoil. Furthermore. fly ash alone increased plant 
Content of B, Ca, M1g, Mln, Ph, and Cd. 3oth species, 
hut especially birdsfoot trefoil, were high in Zn (up 

to 177 mgikg). Both species also contained higher-
than-normal con(enlrations of P) (134 mug kg) and 
Ni (88 mg/kg). 

Fly ash can be used suc;cessfully in strip-mine 
reclamation ifitis not applied in excessive amounts. 
Extreme caution should be exercised when itis 
applied to the surface and not incorporated into the 
spoil. Because fly ash is very finely divided, on the 
order of 20 microns in diameter (Adams et al., 1972), 
it is highly susceptible to both wind and water 
erosion ifle!ft on the surface. 

Approximately 45 million ME (if sewage siudge 
are produced annually in this country. Sludge con
tains beneficial plant nutrients itswell as some 
elements that may potentially be toxic. For years, 
sewage sludge has been applied to the land in 
Europe. Until recently, however, sewatge sludge wiis 
incinerated, buried, or (Iumped into the ocean in 
this country. We are now studying the use of sludge 
and compostled sludge issoil amendments. Included 
is research on the use of this material in strip-mine 
reclamation. in 

Like fly ash, sewage sludge varies widely 
upper liii is 

composition. Chaney (1973) reported 

of mtals found in digested sludge as follows: 50000 
mg/kg Zn: 17000 mg/kg Cu: 8000 nig/kg Ni: 2000 

mg/kg Cd; 10000 mg/kg Ph: 10000 mg/kg B; and 
10 mg/kg 1ig. We must he concernedi with these 
elements because they m~iy he present in levels that 
would he toxic to plants or to the animal that eats 
the plants. 

Results of using sewage sludge in strip-mine 

reclamation have heen encouraging. In Ohio, Sulton 
and Vimmerstedt (1973) produced more than 4200 

kg of vegetative growl h/ha on a strip-mined area 

treated with 650 MT of sewage sludge/ha. control 
plots had no growth. An application of 55 MT/ha 
to spoils in Illinois increased corn yields fourfold 
and protein content hy 2.5 percentage units over 

the control (Garcia .fa)., 1974). Zinc. Mn, Cu, Pb, 
Cr, Cd, and lig in grain, cobs, and husks were 
essentially the same in plants grown on treated and 

untrealed plots. Rates of 90 MT/ha applied to West 
Virginia mine spoils resulted in a tall fescue yield 
of approximately 10 MT/ha, a tenfold increase over 
that from conventionally fertilized plots (liennett, 
1975; Bennett et al., 1976). Zinc concentration ill 
the forage on the sludge llots was increased to 31 
mg/kg and Cd concentration was increased to 1.4 
nig/kg. Chromium was not affected and II was 
reduced. Sludge had no overall effect onl the Ph 
content, hut despite treatment, forage samples ;ofl

lected in March contained significantly more Plh and 

Cu than samples collected in July. For example. (, 

ranged from 4 to 6 img/kg in the summer and up) 

to 10 to 12 mg/kg in the winter. Lvead ranged from 
2 to 3 rug/kg in tlhe summer fut from 30 to 51 
mg/kg inthe winter. Forage containing these higher 
levels should not he fed to aninals. Vole feeding 
trials were conducted in which .(t1". rationof the 

ofconsisted of the forage froim the plots. KiIneys 
those fed sunmer-harvested forages contained 4.5 
ng/kg Ph. This julnpef to 9.11 ng/kg when they 
Were fed the winter-harvested forage. The liver 
burden of Ph increasm from 1.9 for suniner forage 
to 4.0 nig/kg for vin ter forage (Ilaye el al., 1975). 
Research is continuing to vvuahite Ihpotential use 
as well as possible problems resulting from the use 

of waste materials in the reclamation of strip-mined 
lands. 

Hydrology 
The pa ucitv of information on the effect strip 

mining has on the hydrology and water quality of 
an area is recognized. Research is now being 
expanded on this. During the past year, ARS has 
itiated projects in Colorado. )hio, and Pennsyl

vania. These, along with efforts of other government 
agencies and state institutions, ,viii Ie providing

eded infrma iii In this imlprtanl aspectmuch-n 
f surface miiniog. 

FUTURE RESEARCH NEEDS 

Reclamation Ililns, inclling prop(osed land use, 
must be developed hefore mining operations begin. 
''o do this, more research is neded to identify all 
of the relevant cheimical and physical properties of 
overburden material hefore mining begins and It) 
relate these to soil amendments, plant species, and 
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management practices best suited for the area. The sources and to restore the surface land area. Whether 
ultimate target will be to develop a computerized this technology is applied will depend mainly on 
systems approach to reclamation that will he ap- the will of the people. Implementation will involve 
plicable over a broad range of soils and climates. an expense, which ultimately the consumer will 

More satisfactory methods are needed to stabilize probably pay. At today's prices, reclamation costs 
surface materials in the regraded areas. Water and range from about $400 to $1,000 per ha. This adds 
wind erosi)n icontinue to hiesevere problems. To an additional 10 to 15 cents to the cost of a ton 
significantly reduce runoff an( erosion resulting of coal. But it is the price we must pay to meet 
from mining activities, we need to improve land- the energy demands of a growing population while 
forming techniques to retar(d water flow aiInd establish maintaining the quality of our environment. 
and maintain vegetative cover on disturbed areas. 
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Some General Problems of Soil Erosion of Disturbed
 
Lands in the Caribbean 
L. A. Wilson 
University of the West Indies, St. Augustine, Trinidad 

The term West Indies refers to the chain of scattered 
Middle American 'slands extending east in a wile 
arc over a distance of 4000 km from Cape San 
Antonio at the western tip of Cuba to the island 
of Arub)a just northeast of the Gulf of Venezuela. 
Today, the islands include Spanish, Fnglish, French, 
aml Dutch speaking states, depending on their oc-
(:upition from the 15th to the 20th century by Spanish
and, later, )y northwest European nations. A major 
feature of this occupation was Ihe introduction of 
African slaves to supply cheap labor for a sugar 
cane plantation economy after the complete anni
hilaion of imdigenous Arawak and Carib Indian 
populat ions. 
TheiComnmonweallh Caribbean territories include 

tie f(ormer lritish colonies in the West Indies and 
inailn d South andi Central America, which to-
gether with the .S. and Canada constitute the 
E'nglish-speaking New World States. The Common 
wealth Caribbean territories have recentlv estah-
lished an economic trading community, the Caribbe-
an Common Market (CARICOM). 

In this paper, it will be shown that almost ,xcl msive 
(ultivation of plantation crops for export, which 
comme:nMced in the '17th c:entury, on flat and fertile 
soils with consecluent rehm's.;iion of food production 
for local consumption to iovas with sleeply sloping 
topography and poor soils have resulted in the major 
erosion l)ro)lens of the region. and this pattern of 
cultivation persists to the present time, 

TOPOGRAPHY, CLIMATE, SURFACE WATER, 
AND SOILS 

Topography 


As a result u)fthe three different categories of relief 
of structural origin, i.e., faulthlck mountains, vol-
c:antc mountains, and limestone plateaux, the Carib-
bean topography is varied. Thus. I lispaniola, Jamai-
Ci. and Puerto Rico in the Greater Antilles, which 
includeex\tensions by the North American Cordillera 
system, a|,'e while isdistinctly mountainous, Cuba 
domillted by extensive lowland plains of limestone 
origin. 'The islands to the windward in the Lesser 
Antilles may bue divided into Iwo groups: an inner 
mouuntainoos chain of volhanic islands and an outer 
chain of low-lying islands, extending from Anguilla 

to Barbados. The islands to the leeward are moun
tainous due to the presence of an extension of 
faultblock mountains of the South American Cordil
leras. 

Therefore, apart from the Cuban plain.i and the 
small low-lying islands of the Bahamas and the 
Lesser Antilles, West Indian islands could be gener
ally described as mountainous and therefore suscep
tible to erosion problems which are accentuated hy 
climatic characteristics of the region. 

Climate and Surface Water 

The avrage temperature throughout the year at 
sea leel in the: West it]lies is greater than 25 C 
because tohe )w latitudinal position of the islands 
(100 N to 25 N). Average tem eratu re increases from 
250 C in the Bahamas (250 N) to 270 C in Curacao 
(15' N). tlowever, altitudinal temperature zones re
suit from an average decrease of 0.5' C/100 m height. 
Accordingly, the Tierra Caliente zone up to a height 
of 900 m (average temperature >21' C), the Tierra 
Templada at 900-2000 1n (210 C-16 ° C). and the 
Tierra Fria above 2000 m (<160 C) exist in the large 
Mountainous islands of the Greater Antilles. 

Average annual precipitation ranges from 11 000 
mm at higher altitudes in Dominica to 512 mm in 
Kralendijk, Bonaire, and varies not only from island 
to island but also within the same island. Thus 
mountainous islands, e.g., Hispaniola, Jamaica,
Puerto Rico in th( Greater Antilles, and islands of 
the inner arc of the islands to the windward receive 
more precipitation than flat islands, e.g., Cuba, theBahamas, and islands of the outer arc in the islands 
to the windward, respectively. Annual precipitation 
also increases greatly over short distances with 
increasing altitude. On the east of (;uitdcloupe, 
precipitation increases from 2061 mim to 4414 rim 
with an increase in height, 23() m (20-250 mm) over 
a distance of 6 km and preciptition in Roseau, 
Domninica, (1928 nun) is much lower than ait high 
altitudes (I 1000 am). The amount of precipitation 
is also much higher on the windwiml than on the 
leeward side of most islands; annual preipitation 
in Port Antonio, jamaica, is 3328 mm and in King
ston 732 m1m. 
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of prevailing high relative humiditiesBecause 
-lip to 90%-and atmospheric instability, precipi-

tation usually' takes the form of short violent showers 
average intensity from 5.5 to 8.5 mmam/hourranging ill 

in Guadeloupe. Iltowever, intensities over short pert-

ods (30-60 imin) of 44. 77, and 90 rm/hour in the 

rainy season inl(;uadeloupe and up to 160 mam/hour 

in Jamaica have been recorded. Occasionally an 

ip to 96 nmm /hour has been recordedintensity of 
in the dry season in the Bahamas, indicating that 

precipitation of high intensity also occurs during 

the dry season in otherwise dry islands. ligh inten-

sity rainfall is accompanied by strong, often gale-
West Indian islands, exceptingforce winds. The 

Trinidad and Tobago and the islands to the leeward, 

also in the path of the Caribbean hurricanes,are 
which, apart from gale-force winds, ould result in 

continuous rainfall: e.g., 728 and 3428 mim of rain 
days respectivelywere recorded in one and seven 

in Jamaica. Annual precipitation is normally distrib-

uted into wet and dry seasons, except in the wettest 

areas. 
Because of the relatively small size. even of the 

islands of the Greater Antilles, and the minute size 

of the other islands, the mountainous topography 

of most islands and the characteristic patterns of 

rainfall distribution and intensity in the region, West 

Indian rivers are short ai subject to great but brief 

fluctuations in water flow. Immediately after heavy 
rivers are impassableshowers, water flow is high, 

resultingand flooding with muddy waters occurs, 
in considerable erosion and deposit of high sediment 

sea waters of river mouths. However. a fewloads in 
hours after such showers, water flow often returns 

to its normally low discharge rates. Short, violent 

showers resulting in high river flow and flooding 

make West Indian rivers a serious agent of erosion, 
the effectiveness of which could be further increased 
bv factors which increase surface runoff of water. 

Disturbance of original vegetation, particularly on 

hillsides, is the major factor responsible for increas-

ing surface runoff of water and erosion problems 
in the region. 

Soils 
In a review of erosion problems in the Caribbean, 

Ahmad and Breckner (1973) reported that many of 
the soils on steeply sloping topography in Trinidad, 
jamaiia., and Barbados are levelJped on shales and 

hence are susceptible to lanislips anIschists andi 
other forms of water erosion. Ahmad and Roblin 
(1971) also showed that even in flatter areas, e.g., 

in Trinidad, shale-derived soils are subject to crust-
ing resulting from their high mica content, which 
in turn often leads ti surface erosion. Some olther 
erodible soilsand water(erosion problems-gullying, 
sheet erosion-dealt with Iy Ahmad anti Blrei:kner 
(1973) are summarizeil in Table 1. 

Breckner (1973) also compared soil losses of three 

Tobago soils under vegetation-free experimental 
conditions on Goldsborough clay (formed on volcan

ic rock), Concordia sandy clay loam (formed on 

diorite), and Bloody Bay clay loam (form'eed on schist), 

oil slopes of 10,20. and 300 over a four-month period 

in the rainy season (rainfall 7.1 to 9.7 in). Data 
which ranged from IItiindicated that soil losses 

to 236 ton/ha were highest on the Bloody Bay clay 

loam, but that ite classical relationship of increasing 

erosion on increasing slope did not hold true on 

the wide range of slopes stud ied. Thus, on Golds

borough clay, there was a 41 1 incrtcise in soil loss 

in the 20' compared \with 10' slope hut only ain 
with it)011% increase on a 30' compared a slope 

on Concordia sandy clay loam. Moreover, on the 
i there was an inverse relationIl)ody Bay clay loan 

soil loss and slope to the extent ofship between 
a 94% decrease in soil loss on t0' compared with 

a 30' slope. These results were explained on Ihe 

basis of redluced soil area exposed to vertical rainfall 

on steep slopes and henc(e reduced water available 
Data also showed thatfor erosion on such slopes. 

exposure. particularly in areas where strong winds 

prevailed, affected soil loss tandconsidEra)ly the 

lowest soil loss recorded. 17 ton/ha. occurred on 
° 
a,30 leeward slope oi Coldshorough c:lay, 

Breckner (1973) also considered that the annual 

soil profile losses computed in those eXperinlueits 

(2.2 to 3.8 cm/yhear) indicted that the soils studied 

were more erosion resistant than other West Indian 

soils, e.g., the Bonnygate stony loam (If Jainaica in 

which the entire procfile could be lost in two to three 

years of cultivat ion (Finch, 1959). 
Ilnthe arid and semi-arid islands of the inner irc 

of the islands to the windward-Antigua and Barti

da-wind erosion is sccmetines pre'alent (Ilill, 

1964). Such wind erosion prhhli11s are, however, 
often seriously aggravatel Iy torrenti,il rains which 

can sometimes occur after long periods of drought, 
when the land is unpr(tected by the sparse vegetative 
cover. 

Ther,.ore, topography, c:linlate, and sirfalcl': water, 
:,,i Aell as soil type all c:ontribute to the susc:eptil)ility 
to erosion of extensive areas in the West Indies. 

NATURAL VEGETATION AND AGRICULTURAL 
CULTIVATION 

Natural Vegetation 
The flora of Ihe Carihhean islancls is varied Ice

cause of local variations in ;liimate with exposcire 
and altitude and also bec:acuse of edaphic: variation. 
Beard (1949) classified the climatic; plant formations 
of the Caribbean Tierra Calienle into: rainforest (ill 

perhumid and humil climates-10-12 humid 
months); semi-evergreen forest (in semi-humid cli

seasonalmates-7-9 humiil months); anil decid uous 
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TABLE 1. Some erodible soils and erosion problems in the Commonwealth Caribbean 

Soil type Country 

Sandy soils Trinidad O) 
l.in stoll soils Jlamiic, (c:) 

Blarbados (d) 
Carriucou (e) 

Shall !leriveti soils Jamaica (d) 
Shoal soils St. Lucia (e) 

Domninicai (f) 

Clay soils Trinidad (a.h) 
St. Lu:ia ((!) 

Vohini:c luffs, Tobago (),,g) 
I)iorihe and schists Islands hf windward, e.g., St. Lucia (e) 

Sinec oid soils Nevis (g,h) 

(a) Clv i-ry (1952). 
(h) Ilardy(1942). 
(c) Sairli. . (19fi:1), (1964). 
(d) Cumn rtbt ch (1ti). 

forest (in semi-arid an(l arid climates-3-6 humid 
months). The deciduous seasonal forest could be 
further classified into tropical deciduous forest, in 
areas with less than 1 250 mm precipilation and 5-7 
humid months per annum, and thorn and succulent 
forest which receive less than 750 im precipitation 
and have 3-4 humid months per annum. Variation 
in soil :onditions also leads to edaphic plant forma-
lions in the Tierra Caliente, e.g., savannas, pine 
forests, etc. The increasing rainfall and decreasing 
temperature in mountainolus regions result in moo
tane plant formations, e.g., evergreen montane forests 
it, the 'rierra Tenplada and elfin woodland in the 
Tierra Fria. 

Agri:ultural (:dlivation which was started by the 
Amerindians and continued on a greatly expanded 
s(:ale by the early European plantatian economy with 
its high demand for wood for sugar boiling houses 
and later "slash and burn" shifting peasant farming 
were re'slonsible for decimation of high percentages 
of the natural vegetation of the Caribbean islands, 
partic oIlarly in Tierra Caliente zones. 

Agricultural Cultivation 
3e:a use of the i high annual rainfall prevalent 

Ihervin, areas with tropical rainforest (10-12 wet 
montlhs) and semi-evergreen forest (5-9 wet months) 
have been most extensively used for agriculture, 
particularly on flat or gently sloping anls. Three 
major systems of agricultural cultivation prevail in 
the West In(ies: (a) large scale, inonoculture, cil-
Iivation of (:rol)s for export; (h) small scale, )oly(:ul-
ture, cullivation of crops for domestic tse: and (c) 
extensive and intensive pastures. The water require-
menIs of the export crops led to their ciIt ivaion 
in recognizahbl Iherohygricclimates (131inme, 1974) 
as follows: 

Erodibility/ l'rosion problems 

Very crodible 
hErodihie- lIandslides, gullying 

Erodible-gullying
 
Erodibhle
 

Erodibhle-gullying 

Erodibhle-Sheet erosion gullying, slumping 

Erodible-sheet erosion 

(e) Vernon and Ca rroll (1967). 
(f) Lang (1967). 
(g) Brown Nt J. (1965). 
(h) Lang and Carroll (1966). 

Tropical rainforest-cocoa, coffee, bananas 
Montane forest (10-12 wet months)-nutmeg, lime, 
ginger, vanilla, coconut 
Semi-evergreen seasonal forest (7-9 wet months)
sugar cane., cotton, tobacco, pimento, pineapple, ar
rowroot, rice 
Tropical deciduous forest (5-6 wet months)-sugar
cane, bananas, with irrigation 
Thorn and succulent forest (3-4 wet months)-'sisal, 
sugar cane, and bananas with irrigation. 

However, some plants, such as coconuts, are grown 
in both humid and sub-humid coastal regions. Use 
of irrigation can also extend the cultivation of crops 
into dry climatic zones. Sugar cane is the most 
extensively cultivated crop in the region and large
scale sugar cane monoculture enterprises in Cuba, 
Santo Domingo, Puerto Rico, Jamaica, and Trinidad 
are typical examples of such coltivation. Although 
usually cultivated on large farm-, the listed crops 
are also grown by small farmers in the different 
Caribbean islands. The monoculture system of cul
tivation can therefore be classified according to 
dominant crop and size of farm. 

The major food crops cultivated for domestic use 
in polyculture systems include: tubers (sweet potato, 
yams, cassava, tannia, taro); grains and pulses (maize, 
rice, red beans, pigeon peas, peanut); fruit trees 
(avocado, mango, breadfruit, plantain, papaya): and 
vegetalbles (tomato. cabbages, cauliflower, melon
gene, etc.). These crops are cultivated in all climatic 
regions, but especialy in the areas of semi-evergreen 
an( rainforests. Cultivation location is, however, 
largely dependent on edaphic factors since domestic 
crops are usually grown on soils unsuitable for export 
crops. In the flat islands, such farms form irregular 
patterns of penetration into the territory of large 
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farms according to the nature of the soil, but in Jamaica) from the large farms on the flat, there is 
mountainous islands, small farms on steel) hillsides extreme danger of the existence of severe erosion 
are separated from large farms on the flat .yallide.problems. 
Small poly(Ilttore farms may either he based on tree 
crops or ground crops. or on irregular multicropping 

in 	the Jmaican Central Range.systems, such as 
llume (1974) defined large-scale farms (> o0) 

ha), mediinm-sized farms (20-100 hal), all(d small 
farms (< 20 ha) and classifie(d the agrarian structuret 
of the West I lidi on the hasis of farm size and 
distrihution, as shown in l',ihle 2. to indicate the 
domninance of large-scale ind small-scah' farms over 
illediirm-sized farms. Thus only in the Dominican 

Republic. Puerto Rito, lominai:,, nid Trinidad (io 
15" of the jrva tinderMedium-sized farms reah 

cult ivat ion.
h'lherefore, agrarian struc:ture in the Vest Indian 

islands show hoth the extremes of dolminaice by 
large-scale (St. Kitts) and sinjll-scde Ilait) falrm 
enterpris;sas well asseveral intermediate situations. 
Oine extreme or the other t:,it practictallyhe foul iin 
every island of the West Indits and in soew islands 
(Antigua. MNontserral. Martinique. Nevi;. St. Vin:ent, 
Gumadeloupe, hiti) ihbth extrnws exist and result 
in a very weak agrariin sociail struoture. Where in 
addition the territory is mountainous, thus separat-
ing the small farms on the steep hillsides (Ilaiti. 

EROSION PROBLEMS IN AGRICULTURE
 

Erosion Problems in Cultivation by 
Small Farmers 

Shifting multicrop cultivation by small farners 
on steep hillsides occurs to different extents in most 
mountainous islands of the Carihhean. Although 

practices and major crops vary slightly from island 
to island, the major features of such shifting cultiva
tiolt iniclulde 

I. 	 Ilandmutting of hush cover using "a cutlass" 
or burning of vegetation towards the end of the dry 
season (February to April). 

2. Land preparation hy hand using a "'hoe and 
fork" to produce mounds or rows with little attention 
to topography. 

3. Planting of crops in mixed stand, e.g., tropical 
root crops, cereals, and pulses, at the heginning of 
the rainy season (May to June). 

4. Hand weedings using a hoe after crop estllb
lishment. 

TABLE 2. Classification of West Indian Islands according to farm size and agrarian structure 
(adapted from Blume, 1974) 

[,irgitarm,1.tr,'~ttro. re' frit. .2tttt hat) ttttootlhlti 

Agrarian 
I110-20t hI 

(10InT1 1 ,11t1hil ",sil,,tn '-re! farni, I.,rgi-scah! 

stru:l ire f&ri' IT. 10" ] . ]ar firms di'mlin int 

1. 	>90";, L.S.' farm s - i. Kilts 

2. 	 >66% L.S. farms Birbados Antigili
<10% M.S.' far.s Montserrat 

Martiinue 

.	 5%L.S. farms (;renada Tlobago Nevis Cuba 

Jamaica 	 S Vilwt'll 

4. 	33-50"'% L.S. farms Dominican Puerto Ric;o 
33-50% S.'farms Republic Dominica 
>15" M.S. farms Trinidad 
(1.S. farms dominiant) 

5.::1-50 ;,[-.S. farms St. Lutia 
33-50% S.farms 
(S. farms dominant) 

6. 	 -50% S. farms Anguilla - Guadvloapl:e 

7. >90% S.farms 	 Ilaiti 

.L.S. Farms I[.arge-sca;h farms (>100 ha). 
"M.S. Farms = Medium-scale farms (20-100 ha). 
'S. Farms = Small farms (<20 ha). 
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5.After one to three cycles of such cultivation, 
the land is abandoned to bush fallow for periods 
varying from one to five years. 

In such a system of cultivation, erosion is en-
couraged by the following factors: 

-lestrct n mfsatter yinterplanting-dsrcion of soil organic meirby burning; 

-exposure of soil on steep slopes by clean cultivation 
at the beginning of the rainy season, before crop 
c(ver is achieved, when short and violent showers 
can occiiur; 

-- disturbance of soil struct ure by weeding both before 
and after crop establishment, 

In these circumstances, a considerable amount of 
top soil loss by erosion occurs, leading to exposure 
of subsoil which is often more prone to erosion, 
and slower growth of after-crop cover vegetation 
in successive seasons. Eventually the land is aban-
doni-(l in a practically unus 0!e condition in which 
it is unal)le to support an v -getation. 

Comparative rales of erosion under different land 
use! systems ranging from 5 to 625 ton/ha/year in 
thenon-limestone upland watersheds in Jamaica are 
given in Table 3. Blume (1974) estimated that up 
to 25% (91 000 ha) of the declared agricultural land 
in Jamaica was incapable of reafforestation or re-
newed agricultural use. It is suggested that a major 
fraction of such lands could have been made unuso-
bhe by shifting cult ivat ion. Although similar data 
are not rvmlill availablh for (til islands, similar or 

TABLE 3. Estimation of erosion rates under 
different land use systems in the non-limestone 

upland watersheds of Jamaica" 

landl us,. SitI hiss. {tint:'ha r) 

[)iosi. forl-st 5-12.5 
Inprovedi iaslurv 5-12 5 
(ulti,ilini 1) -i15 

lirm slop s :175-625 

'Afti-r Shvng. T.. 1973. Forstt"i iOt~rolintati ind 11ittrsho'd 
Ma.,1getnolt it) 110lld vgl.otlof,,i/m.,ta 


higher rates of soil destruction are likely to occur 
in Haiti (Wood 1963), and some of the mountainous 
islands to the windward, e.g., Montserrat (Lang 
1967), Nevis (Lang and Carroll, 1966). 

Small farmers also practice mixed farming by
of several kinds of annual crops onthe same piece of Ian d to ac:hieve year-round soil 

cover as far as possible or cultivation of tree crops 
and semi-permanent crops such as coconuts with 
bananas or coffee and cocoa with citrus and bread
fruit. Although comparative quantitative assessment 
of soil losses in the three small farming systems 
are not available, there is no doubt that shifting 
cultivation results in the greatest quantity of soil 
loss. 

Sheng and Michaelson (1973) conducted surface 
runoff and soil loss studies under yellow yam (Dio
scorea cayenensis) cultivation which is extensively 
grown in certain mountainous areas of Jamaica. 
Comparison of different methods of land preparation 
indicated that soil loss under traditional cultivation, 
134 ton/ha/year, was much higher than that in 
experimental treatments which were 27-39 
ton/ha/year in two hillside ditch systems and as 
low as 18 ton/ ha/year under bench terraces ('rable 
4). Surface runoff, 80-88 cm/annum, amounted to 
30% of annual rainfall but was unaffected by land 
preparation treatments. Yield data (Table 5) showed 
that whereas total yam yields under bench terraces 
remained fairly constant at 33-45 ton/ha, those 
under traditional small farmer cultivation decreased 
sharply over a four-year period from 57-27 ton/ha. 

Erosion Problems in Traditional Plantation Crops 
Although there is no doubt that erosion problems 

i1 plantation crop cultivatioi are of a lower order 
than those in small multi-crop farming systems, these 
problems are nevertheless significant in view of the 
more extensive ireas of land occupied by the former 
crops. Di ta (FAt) Production Yearhook, 1974 ) 
showed that 2 862 x 10' ha or 27 ',of agricultural 

land ire plantd to the two most important crops 
in the, West Indiam Islands. With the! exception of 

TABLE 4. Soil losses and surface runoff in yellow yams (D.cayenensis) grown in hillside cultivation 
under different land preparation systems in Jamaica' 

' , ,d 1,, ,. ,,..,',rfa.ct- Ra offf
 

'rialniv. i tin 1.t ',r in ,r in,'%r T"'il,t Rainfall 

Hench terrn:es 1 , Rt5148 ifiau 32 
Hillside ditch id i:nontlnir mlltiiids 26.i3 079 88.39 3:3 
Itillside ditchinld hill's 111113 I 1 - 80.09 30
 

raditli lit i:l1tivatin 13..15 1.94 79.76 30 
Averrg,,s 5.11.32' 1.60l 8l3.73 3 1 

"Aflir Sh.ng. T C- ind Nii;hielsen. T., 107:1. 
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TABLE 5. Total yield of yellow yams (D. cayenensis) in hillside cultivation under different land 
preparation systems in Jamaica" 

Tra IllenI 

Blen:h terraces 
Itillside ditch a=nd contour miinds 
lillside ditch and hills 
"rlliti lculiullilln 
A\ve'rag~i-s 


'After Sheng, T.C. nidNtichaevlsen. T.. 1973. 

milizi ill Ilaiti (320 x 10:' hia) and rice in Cuba 

(195 x 10' ha) these crops are all traditional planta-

lion crops including sugar caite, cotton, coffee, and 

:o(:oa, as well as bananas. Data frol Jamaic:a (Sheng, 

1973) showed that high percentages of these crops 

are sometimes Cultivated on sloping lands (Talhe 

6). Erosion problems in these crops are discussed 

I)elow, 

TABLE 6. Estimated acreages of major crops on 
sloping lands in Jamaica 

Acreage oin 

(rop lntl :cr',l' SI(0)in I.adtd ill 
197(0 

Sugar calne 167700 35 
90llanais 814000 

Coconuts 1:37501) 8( 

Citrus 30000 90___ 
Cffee 15(000 1010 
Coni:a :2 (00 e1( 

'Iree Crops 2(111)00 I()(1l 

Gromund l pros isi olS 11 2100 1001) 

Seleted veg'tahi's 1500(0 ltl 

Legumll s 1 tl0O0 IO 

(t)lhircrops 112t11) 50 

Imtpro%ed p-isture- 2 50000 ill 


To'ltl ttlfh --
411i 

;iatn is hy far the most widely,'j.giarCane. Sigar 
Cultivated c(rJp in theWVest Indies, oc;upying somle 
I 911 / 10' ha or 1'; of igricultural Iialids and 

82" of the area planted to miijor iropi; (2132(0 / 

10' hilJ in the regiln. Even if the high Cubain sugar 

is orlitied, e g.,-.incait! at;reage (1 6(I00 / 11 hitJ 
mnid Freli.h Islands,Giribbeitithe Comrllonwalth 


stuitr cane i;reage (173 , 10' a for ;
1(,3 if.j.ourits 

of the area of igrk.uilturitl ltis iii] 30"". (f tlhe 

area of the iajor ;roJps in these islanilds. Most ojf 

these lainds r, tin the ferlile plaitv's of Ihe( West 
Indian islands ild ai;iltilt for 15 to 93% of the 
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h,)
Yields (tolls/ 

Yea I Year 2 Yeatr 3 Year 4 ,'vera.g 

44.11 33.) 311.3 3111.0.15.tt 
39.5 45.(0 40.3 37.18 .(l.i 

43.8 47.8 :17.5 15.11 .41.2 

57.0 5:1.11 3:1.5 20.0 -42.81 

44(1 47.11 tiot) 34.5 410.1i 

lands plante! to arahle and permanent crops (Tahle 

7). This large acreage is, howevvver, much smaller 

than the extensive sugar cane acreages in liny of 

the islands, e.g., Ilaiti, the Cominw.iealth Cari'illi 

andlte French Islands at the height of tihlt lhnation 

e(:ononly ased llslave laboir in the llh ;vilt'ur'. 

(laitian exporl of suigar cane ill edilnh!(l 15to '.' 

10 toils in the 1961's, i:omliparel with 71 x* 1(3 

toils in 17819.) This rwdlittiin of suigar ciate ticiige 

WitS (:ittlSt!d by increlsing conpetitiou from sugar 

beets whil:h forced marginal lands, that plI'llaps 

should hvtlvremnained Ill0(11' naturl vegetattioll. liut 

of sugar tne: production. These almInd(ltneid stigar 
lands, often on poor soils with sloping topog.ilh)y, 
have been the source (if the rmtost ilportIlnt tvo'ilskl 
problms (;austl by cult ivation thesugiiir (;tnii in 

TABLE 7. Important sugar cane lands
 
in the West Indies and acreages
 
as a percentage of crop lands"
 

of 
iI ',n(L.II ;,illitnls fll 

land
 

iil)(;reiter Atilles II.,l 

Cuta Clllii Plaiins . 5 

Dllnilli lol Republi: Coistul llin of Santho 15 

lilni igo 

Il''li Plains of Cul (ih, 21)si: 
h Ioeogii 

Ciall Ili2Puerto Ro 

Cliitnioiwealth (:drihhein 
ldl,-lvi Soiithi-r,i (:islI Ilakins 2ii 

P'lainsCiirolni 27Trnidui 'l'h riiiu gh lillisl a n dl 115Ihi lintuus 
. Kilts [.l:) :uisitl i'lais mil6 t3 

Iwer Sli les 

I'remih Islinds
 

(;uadeuope N.1-E.Cojastal Plain .11
 

Marliniloou I.iolliiil 
 l'l.iit1 40 

'Cropl lanudls - L.,ands plllnhtd Iliirlhh iilni ritiit'nt crolps
 
(excludiniisliure).
 



West Indies. Many of these lands, e.g., in Haiti, 
ama ica and Trinidal and lolago, aready in a poor 

state with thin exhausted art(] eroded soils, were 
subhsequently distributed to small farmers to be 
subjected to tn:tjntrolled molticropping, leading to 
their further deterioration. 

IHardy (1942) recorded iip to 64% decreases in 
organic matter content (7.0-2.5,) in the 0-8 cm 
profile of soils under forest compared with those 
under sugar can( cultivation. Chenery (1952) report-
ed that ine:hanization of cultivation and soil ex-
haustioin through erosion, persistent monoculture, 
,n(l retttih:tion of pon manure appli,:ation was re-
sl)ttnsille for the dhecline of Ihe Noble Canes. The 
burning otf sugar cane prior to harvesting, widely 
l)rac:ti(:eut in the Caribbean, apart from destroying 
soil organic maler, leaves the soil surface bare, 
exposed, antI surceptible to erosion for several months 
of the year, incltrding the period of the onse:t of 
the rainy season. SuCh burning, re:en llV introdticed 
to 13arbados, led to a 4-ton/ha reduction in sugar 
yield and was sul)s(luently (e,:lared illegal. More 
recently, Georges (1976i)reported soil losses on sugar 
cane lands of varying slope in Central Trinidad of 
the order of 11.17 to 67.77 ton/ha on hare soil 
cormlpared with 4.23 to 61.03 ton/ ha under plant 
ca ne. Stome 50'%, of Ihe soil losses o:curred before 
the estallishment tf the (ane. and Ite range of 
variation of losses recorded was due mainly to soil 
series. It is worth noting that approximately 25T, 
of the total sugar can( acrea.ge in the West Indies, 
or 478 × tO:" ha, is repl:.nted every year, thus 
exposing the soil to potential erosion losses of the 
order mentioned above. In addition, the practice of 

rl)rintirig replanted cane, e.g.. with yanis in 
Barbados and p(anuts in St. Kitts, which could 
int:rease in the region, would lead to increased soil 
disturlbance and soil exposure, thus aggravating the 
erosion prolems in sugarcan(u(:ltivation. Ilowever, 
if burning is avoided in "raloon" cane, the thick 
cover of dry leaves (canel hrash) prote:cts the soil 
from excessive erosion. Accordingly, some Caribbe-
an soils, such as in St. Kitts, have been continuously 
ciltivated to sugar can( for more than 300 years 
an(l continue to give goot yields tolay. Other 
soils-the heavy clays of Trinidad-under concti-
lions of very wet rainy seasons and sometimes 
extern(ed (ry periods, give sugar yields of tip to 
100 ton/ ha or 15 tons sugar/ha, a performance 
which perhaps could not be consistently iiatchel 
ly ny other crop. 

Cotton. Cotton cultivation has never occupied 
extensive areas in the West Inlies, but recently Cuba 
has expanded its cottnIi acreage to the vicinity of 
50001i ha. Cotton cultivation utilizes similar flat 
IanIs to that occupied by sugar cane and has caused 
most serious erosion problems in the small dlry 
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islands. The long fallow period of the crop and its 
imperfect ground cover make cotton monoculture 
cultivation a serious erosion hazard. Fifty years of 
such cultivation has resulted in moonscape type 
terrain in Antigua and Montserrat in which soil 
exhaustion and soil erosion to parent rock are com
mon features. 

Coffee, Coc;oa, and Bananas. In contrast to sugar 
cane and cotton which are for the most part cultivated 
on flat lands, coffee and cocoa are grown in mountain 
valleys on sloping lan(ls. Banana cultivation occurs 
on flat and gently sloping lands mainly in Jamaica 
and the wet mountainous islands to lhe windward. 
These three crops have somewhat :ommon erosion 
problems in that they all require a perhumid climate, 
give good ground cover when fully established, but 
are often cultivated on sloping lands (particularly 
c:coa and coffee) which are therefore sus(:eptil)le tho 
erosion problems. 

The major erosion problems in cocoa, coffee, and 
bananas are caused by catastrophic events which 
destroy the normally adequate ground cover to lead 
to soil loss on exposed sloping soil surfaces with 
poor vegetative (over. Thus Caribbean hurricanes 
have led to crop destruction and erosion problems
coffee in Puerto Rico (1899), bananas in Jamaica 
(1951), cocoa in Grenada (1955). Rehabilitation after 
such disasters has taken several years and consider
able funding. In Trinidad, cocoa cultivption has been 
seriously affected by the loss of its traditional shade 
tree (Erythrina slip) due to a fungal disease. Loss 
of shade has led to gradual loss of top soil due to 
exposure to heavy rains and it is claimed that such 
leterioration of cocoa soils was responsible for a 

30% decline in the yield potential of this crop over 
Ihe years. Even with proper shading, Hardy (1942) 
reported a 31% decrease (7.0-48%) in organic. matter 
content in the 0-8 cn profile of soils when forest 
was converted to cocoa cultivation in Trinidad. 

OTHER EROSION PROBLEMS ON 
DISTURBED LANDS 

"l:,er' arettthree other major agents of soil distur
ban, e in the West Indies apart from agriculture: 

Rural roads 
Suhurhan landscaping for building 
Mining 

Rural Roads 
Rural roads in the West Iniies are often poorly 

constructed ad tinsurfaced. Indeed, many of them 
follow traditional traces withoul cue attention to 
contour and topography. Accordingly, Sheng (1973) 
reported that approximately 50% of the 2700-nile 
main road network in Jamaica was unsurfaced ard, 
in addition, there were 4 500 miles of larochial roads 
and 2600 miles of bridle paths. 'I'll( majority of the 
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were built in mountainous terrain,parochial roads 
were unsurfaced, and suffered from erosion, hank 

slips and landslides. Also, runoff from roads some-
limes (lissected and destroyed farmers' fields. Thus, 

Sheng ('1973) recorded that 10 cm of rainfall over 
ten landslides in a a three-day period resulted in 

are notoccurrences4-mile section of road. Such 
on othevr islands during

1,i(011 on in rural areas 
ol ( rnainrinseason.the raiitv 

Suburban Landscaping for Building 

Cutting sloping land in suburban areas for road 

building and housing development often has beel 


to severe erosion
Unprofessionally done and has led 
and, in extreme cases,problems, to wall cracking 


to collapse of new houses iii "developed" areas, 


!.g.. in Trinidad. 

Mining 

In Jainaica, surface mining of bauxite by the open 


pit method is done to adepth of 3-9 m. After mining. 

the area is required to be reshaped to a gentle slope 

an( resurfaced evenly with iapproximately 31 cm, 


bauxite companis owned
of topsoil. In 1973. six 


of the land in Jamaica, but the area actually
about 7% 
m ined was (0imparativelv linit(d. O)t, co m tpanil 

mined 22 ha per year. Davis and [Hill (1971) reported 

that in the period 1953-1970, 1 480 ha of land 
ansurrounding mined-out pits were reclaimed at 

ha per ha mlined. Sheng (1973)
average rate of 1.25 pren oobserved tat 1 a astptwowatersed 

observed thi ilehast two wateished protect ion 


asia~ted with bauxite minling:problems were 

1. "conservation of the spread but thin soil oil 


mined-out slopes: 

2. lhe threat of water pollution by red mud pond-


ing, i.e., storage (if tailings from processing bauxite 

tactivities 

Bauxite companies had started remedial measures 

to solve these problems. 

the W est Indies-
Other mining operations in 

and sand quarries- are
limestone, gypsum, stone 

operated on a small scale, but little attempt has been 

made to protect the disturbed sites from erosion. 


Also, in Trinidad a hillside recently has been exten-


sively quarried to provide material for roild builing, 

with potentially dangerous landslipping problems 


for the main road and road users below the quarried 

area. 
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The Influence of Soil and Climate on the Productivity of
 
Grassland in Hill Areas 
M. B. Alcock 

University College of North Wales, Bangor, Wales 

Agriculture in hill areas is concerned with animal 
poIduction and ilh basic problem of providing 
adequate nutrition from grassland. Inherent difficul-
ties in current systems of prod uct ion arise from the 
unequnal distribution of pasture growth throughout 
the year, with critical shortages occurring in winter 
and early spring, and in variation in pasture pro(:uc-
lion hetween years. Further problems arise for the 
agricultural adviser since almost every hill farm is 
unique in its coTmbination of soil types, allitude 
range, slopv-;, anil aspects. 

The level and quality of pro(luction from indige-
nous grassland or moorland is low even when 
fertilizers are applied, and in Wales the emphasis 
has heen on reseeding with more productive species 

coupled with imlproved management. This has been 
given further imtpetus in rec:ent years with the suc-
cessful development of surface-seeding t:hniques 
applicable to lhe more difficult wetter areas (Roberts, 
1973). )nly economic or social constraints limit 
further intensification which many believe will ulli-
mately Ienecessijry (Alcock, 1975). 

As intensification increases there will be a need 
for much more detailed advice on what degree of 
improvement is economically justified at the indi-
vid uai farm level. Ihlere the basic problem is to 
extr,ipolate from the limited experimental evidence 
obtained oin pasture production at lhe higher levels 
(of productivity to the varied conditions of soil and 
(;limate found in hill areas. Traditional field experi-
ment ation has become very expensive and the 

anount of research in hill land in the future is 
unlikely to he sufficient to solve the problenls on 
an empirical hasis. Indeed exthensive experimentation 
may not be justified if a means of successfully 
utilizing the knowledge that has been accumulated 
in areas other than Iihe hill environment call he 
developed. A first step towards this aim woul be 
the development (f a mechanistic model of pasture 
proiluction. A model, based on physiological and 
physical principles, could (be developed in parallel 
with limited bul detailed experimentation carried 
out at a few centers. Such an alpplroaclh has been 
adopted in thi' develolment of arid-zone agriculture 
(Vavn Keohen,1975) and in the more restricted but 
cor.siderahly variable problem of fertilizer require-
men s in lowland vegetable crop production (Barnes 

liail., 1976). 

A systems approach to the multi-variate problems 
found in agriculture is attracting attention in a 
number of research centers and considerable devel
opments in methodology have been achieved, 
(Thornley, 1976). Very often the adoption of this 
approach creates an immediate need for new experi
mental data. In hill land research, where this ap
proach is very iluch in its infancy, the problems 
and objectives are only beginning to he clearly 
defined. In this paper, features of the soil-climate 
conplex which are essential in determining pasture 
production in hill areas are outlined. 

SOILS
 

The soils of upland Wales have been classified 
(Crompton, 1958) and an increasing proportion of 
hill land is being mapped at a level of detail necessary 
for an initial land capability assessment (Dermott, 
1974), although much quantitative data regarding the 
physical and chemical properties of soils still remain 
unrecorded. The best soils from the production point 
of view are the acid brown earths and brown podzolic 
soils. It is on these soils that most of the early 
improvements have taken place. A high proportion 
of these well-drained soils are found on steeply 
sloping land (>100) in the marginal ffridd (enclosud 
hill land) areas. At the other extreme for agricultural 
improvement are the poorly drained peaty gleys, 
and peaty-gley-pod zols, found generally at higher
altitudes than the brown earths and predom ",antly 

o more gentle sloping areas. It is this latto1 ,roup 
of soils for which information is lacking and which 
represent a major area for future expansion of hill 
land productivity (Munro et al., 1973). 

All these soils in Wales are developed .,n Lower 
Silurian and Ordovician shales and mudstuite sedi
ments. The soil pit is inherently lw.,,averaging about 
p1 4 for the peaty-gley-podzol and between 4.7-5.8 
for the brown earths (Ball, 1960). The impoverished 
state of these soils is refle ,.!d in the low level of 
available (by analysis) phosphorus found in the top 
150 ini which ranges from 4-6 kg/IP/ha-' with 
the lower amiount found in the peaty gleys. Correct
ing the low pit and shortage of available P is an 
essential first step in hill land inprovement. All 
these soils have an inherently low level of available 
nitrogen although some of the more fertile brown 
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earths have a much higher available N content than 
the peaty soils. This is an important factor contrib-
uting to differences in production of these soils, 

The Use of Fertilizers 

The most difficult areas for improvement are the 

peaty gley amd peaty-gley-podzols. In 1959 the 
Agricultural Development and Advisory Service 
(then National Agricultural Advisory Service) ini-
tiated a long-term experiment on a peaty-gley-podzol 
at Neho in North Wales (396 ni). The object was 

to measure the response of surface-seeded pasture 
to annual spring applications of N, P, and K in the 

presence and absence of liine. Production was inea-
sured at the hay stage in early July and the experiment 
ran for 14 years. The main treatment effects averaged 
over the last ten for which full mineral analysis 
is available, are presented in Fig. 1. Lime was applied 
in 1959, 1965. an(d 1973 at the rate of 5 t/ha'. 

Significant responses to N and P were recorded 

NITROGEN 

DRY5 

MATTER 4 (10) 4 
(12 

t ha-1 3 _(30 - 3 

(9) 
22 

N ha-1  
1 I= 58 kg 

0 _ _ _ _ _ 0 

O 53 
__ 

105 U 

% clover
 

NUTRIENT 60 

301
UPTAKE 


Kg ha-l 50-

4C0- -

30_ 

1
20 

0 53 105 0 


Kg N ha-1 


LIMED 

and although uptake of applied potash was high, 
the yield response was low-associated with the 
high availability of soil K. In the absence of lime 
the average soil nutrient supply was 12 kg P/h,.' 
and 30 kg K/ha-'. Liming had an effect on the 
floristic comnposition of the sward, the main feature 
heing an increase in clover content particularly in 

the absence of applied N. Ehe estimated average 
fertilizer replacement value of the clover was 5R 

--

ering that only part of the growing season is involved 
this agrees reasonably well with the (data of Munro 
and Davies (1974). The effect of Iime was to increase 
markedly the recovery of applied phosphate and 
potash and to in crease dry-nat ter prod uction. This 
was probahly associated more with the better estah

lishment of the introduced grassland spe(:is than 
with soil nutrient availability. 

These data are probably typical of many hill 
situations in that they demonstrate clearly the need 
for lime, phosphate and nitrogen. 

kg N/ha with a range of 26-94 kg N/ha . Consid-

POTASH
PHOSPHATE 5-


4_
 

3 

.....2

__0 _ _ _ _ _ 

5 90 0 75 150
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1
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- Kg k20 ha-1
 

NO LIME 

Figure 1. The effect of fertilizer nitrogen, phosphate and potash on nutrient uptake and dry-matter yield. Nrbo experiment, A.D.A.S., 

Wales (unpublished data). 
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/ - LIME 0. N.S. 
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+ LIME 0.*9 N.S. 
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ZI = leve] of fertiliser - LIME 0.72 N.S. 


Figure 2. Factors influencing variation in yield. Nebo experiment, A.D.A.S., Wales (unpublished data). (See 
of diagram. N.S. .= not significant, 'P = 0.05, "P = 0.01, -P - 0.001). 
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Coefficient
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18.5%
 

35.3%
 

text for explanation 

General Factors Influencing Variations in Yield 

Assuming a linear response toi a nutrient tip to 
the first level applied in the Nebo experiment, the 
yield at Y1 (Fig. 2) is deln(ent on (a) the response, 
(Ay), to the added nutrient (ZI), and (b) the level 
of nutrient supplied by the soil (Zs). Fluctuations 
in the yield of YI between years will therefore be 
dependent on these two factors. A correlation analy-
sis reveals that in the case of nitrogen, variation in 
dry-niat ter production was positi vely correlaldwithw it 
variation in the soil nutrient supply and the response 

to added N, while in the case of P, and potash, 
variations in yield were only correlated with varia-
ions; in Ihe soil nutrient supply. This agrees withMirrisn 	 et a. (1974) who point out thai at lrgest

torrison i)w a o ththe armN occur 
respolses to N occur inyears of highest maximum 
lroducltion, and wili the concelpts of Bray (1954, 
1963) and Russell (1972) which differentiate between 
mobile andl immobile nutrients. In the case of the 
immioile nutrient 1)the yield responses are relatively 
constant from year to year, the higher yields being 
supported by an increased soil P supply which may 
he associated partly with increased root growth and 
partly with greatr tineralizatiioni of organic matter 
in the miore favorahle years. 
This point is further illustrated with four years' 

daia selected to spai the range of responses observed 
(Fig. :3). 

If variability and size of the maximum response 
to a n utrient are sensible criteria for selecting that 
nutrient as a priority for further investigation then 

1'h 
U%TTER 

2"-	 -

/,',
 
/ 	 

l/4/ .ed 	 - " ' " /r ___'_""_ ______o___,-, 

NPH 

Kg.... I 	 Kg h.-1 

Figure 3.The effect of fertilizer nitrogen and phosphate on 
dry-matter yields. A comparison of annual rusponses (refer to 
text). Nebo experiment, A.D.A.S., Wales (unpublished data). 

N is the obvious candidate. Although the use of 
N on hill land still remains low it is a major factor 
influencing productivity. 
Factors Influencin the Response to Nitrogen 

g 
During the 14 years of the Nebo experiment the 

most variable component of the weather was rainfall. 
In this experiment the main period of growth oc
curred in May and June and in Fig. 4 the dry matter 
production is plotted against the rainfall total for 
the two months. Maximum yields coincide with a 
balance of rainfall and potential transpiration. Rain
fall less than potential transpiration caused a marked 
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Figure 4. Influence of rainfall on dry-matter production. Nebo 

experiment, A.D.A.S., Wales (unpublished data). 

drop in yield while rainfall in excess of potential 
transpiration also reduced yield. This indicates that 
both dry and waterlogged condtitions can limit yield 
via reduced N uptake and reduced response to N. 
The precise mechanisms involved still require fur-
ther investigation. 
adequate clover in 
as much over the 
in the wet range 
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In the absence of N and with 
the sward yield does not vary 

same period and the depression 
is noticeably less marked. This 
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" 


1
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Figure 5. Effect of nitrogen application on nitrogen uptake in perennial ryegrass. 
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agrees with general experience that white clover is 
far more tolerant of the type of adverse conditions 

found in this experiment.
Although not entirely independen t. the response 

of pasture grasses to applied N can he considered 
in two stages. The first stage is the uptake of N. 

5 shows a comparison of N uptake in perennial 

ryegrass managed similarly hut growing on different 

soils and locations. A hasic difference is sen he
hill data where N recoverytween the lowland and 

is far lower in the latter situation. Differences in 
widely found and, for example,availahle soil N are 

Richards (1975) quotes a range of 13-334 kg/ha 
withv) a mean of 113 kg/ ha- on lowland soils. In 
the hill situation a major difference is seen hetween 
the more fertile brown earth soil and the peaty gley 
and peaty gley po(lzol soils where in the latter the 

available soil N is particularly low. 

the dry-matter response to pint N. 
6. Up to a yield of between 3-4 
dry-matter yield is limited by th, 
levond a yield of 4t D.M./Iha 

'he second stage, 
is shown in Fig. 

t D.M./ha ',the 
level of phmit N. 
' the dry-mtter 

response becomes progressively limited hy other 

factors which are presumed to he mainly ,:limiatic. 
The fact that dat a from two contrasting hill soilIs 
at the same hill site (:an be represented by the same 

curve suggests that lhe dry-matter response is under 
the influence.of the comm)Onc(limate. 

Alcock and Lovett (1961) in maximum crop exper
iments have compared the yield of perenniil ryegrass 
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Figure 6. Response of dry matter to nitrogen uptake in perennial ryegrass. 

on hill and lowlnd soils where these have been N and clover N. The procedures adopted by Richards 
exchangel between the two sites. The results indi- may also be applicable, with some modification, to 
cated that climate was the dominant factor influenc- the hill situation. 
ing difference in production between the hill and CLIMATE 
lowland under contlitions of non-limiting nutrients. 
Ilughes and Munro (1961) using a similar technique Accurate measurements of the hill climate are 
also arrived at the same c[oncGlusion. particularly deficient, although in recent years in 

The poor recovery of N on the pealy gley soil, Wales a number of organizations have contributed 
Fig. 5, has lead Munro and Davies (1974) to advocate to an increasing network of meteorological stations 
dependency onhclover for a source of N on this soil. (Alcock, 1975). The d(,iger has been that maximum 
The evidence from the peaty gley podzol suggests, extrapolation from limited sites has been attempted. 
however, that N recovery may not necessarily be In this way altitudinal gradients of various climate 
so low on theise organic sotils, although it must be components have been used. For example, in Wales, 
recognized that grassland management was different a 100 m in:rease inaltitude may result in an average 
in the two exlperiments. decline of 0.64' C inean air temperature (ranging 

Clearly, the exl)erixinental evidence on the soil- from 0.6-0.750 C, depending on season), 0.20 MJ 
pasture-nitrogen complex on hill land is far from i 2solar radiation (rainging from 0.50-0.30 MJ m " 
coml)let and needs flrther investigation, partit:u- depending on season) and an average increase of 
larly where the grazing animal is involved. The work 1.3 knots of wind (ranging from 1.0-1.8 knots, 
of Richards (1975), in modeling the response to depending on season) (Smith, 1975). Such an ap
fertiliz,.r N and clover under grazing conditions on proach, which has been used in 'anumber of assess
the lowland, is particilarly promising and has an inents of the climate conditions of largely hill areas, 
obvious relevance in the present context in that it for example, Birse and Dry (1970), suffers from the 
clearly indicates th'! need for quantitative info'mla- obvious prohlems of local variation. Differences in 
lion on such factc'rs as the contribution of excretal aspect and slope can have important effects on soil 
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temperature; variations in hill contours and proximn-
ity to the sea can have a marked effect on wind 
speeds; local variation in cloud cover, slope, and 
aspect can influence solar radiation receipt. In the 
following discussion the data referred to are for 
specific sites, and a more general interpretation must 
be treated with some caution, 
The effect of the hill climate on pasture production 

is complex and in order to isolate the inore dominant 
componeits and their effects a simple relational 
model is adopted (Fig. 7). Pastu: growth through 
the season is considered to he represented by a series 
of growth curves, the interruptions being due to 
defoliation. Each individual curve mly he made up 
of as manynis four critical stages, as this writer 
proposes, and are described below: 

Stage 1. A net increase in dry matter accu~mulation 

commences with the attainment of a threshold tem-
perature. Extreme water shortage in mid-season may 
also cause growth to cease and hence a soil water 
threshold has also to be considered, although this 
is less common. Although Stage 1 is indicated at 
a low yield, this condition is not restrictive. 

Stage 2.Growth rates increase with time as leaf 
area increases. "The duration of this stage depends 
on the rapidity of leaf development and on the size 

of the leaf system required for nearly complete light 
interception. Temperature, plant water status, and 
mineral nutrition are critical, 

Stage 3. Approximately constant grovth rates 
occur over a period when light interception is com-

DRY MATTER
 

YIELD STAGE 4
/ 

plete and the rate of growth of the aerial parts 
depends oil individual leaf photosynthesis and can
opy geometry, the respiratory load of the plant, and 
on dry matter distribution within the plant. Fluctua
tions in solar radiation can calle fluctuations in 
canopy photosynthesis, while rates of leaf photo
synthesis can be restricted by water stress operating 
through increased stomatal resistances. Insomuch 
as only part of the aerial fraction of the whole plant 
is harvested, the partition of dry matter within the 
plant is crucial. This is influenced by the develop
mental state of the plant, i.e., whether in the vegeta
tive or reproductive stage and by the water and 
mineral status of the plant. For example, Alcock 
and Hutchinson (1976) working with tall fescue 
found that variations in yield during the suimer 
months were closely related to the effect of variations 

in soil water poteitiaI ondrt matter partitiol, with 
mor ilatesylpeingdie 

Stage 4. Growth rate declines as a maximum yield 
is approached. The evel of maximum yield is 
dependent on the amount of incnning solar radiation 
and on whether the svard is in a reproductiye or 
vegetative stage. Towards the end of the growing 
season temperature will impose a limit on growth.
During the growing season it is usual for grasses 

to be defoliated before Stage 4 is reached, while 
clover may be at Stage 4 for considerabe periods 
in swards of high clover contint. 

Variations in the hill climate will now he consid
ered in the light of the above observations. 

efoliation
STAGE
 
/, I 

1 STAGE 

*11 I,
 

STAGE 2 TIME 

Figure 7. Stages in the growth of grassland (see text for explanation). 
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Figure 8. Solar radiation (adapted from Alcock, 1975). 

Solar Radiation Assuming that the experimentally determined 
value of 56% of total net assimilates used in shoot

Fig. 8, adapted from Alcock (1975), shows the growth is applicable at both sites the predicted
annual range of solar radiation for a lowland site reduction in growth rate on the hill if,28 kg 
at 30 in an( a hill sire at 305 m. Radiation varies ha '/day ', which agrees closely with the theoreti
from about 1.6 MJ m 2 in winter to about 16.7 MJ cal estimates for perennial ryegrass. 
m on the ,,wland site in summer. In this compari- It may be assumed that for much of the year the 
son solar radiation is, on average, lower on the hill direct effect of reduced solar radiation on pasture
in the early and late spring months-a consequence production on the hill will be relatively small but 
of increased cloud cover on the hill. Using a model could become significant if local variations result 
which predicts the growth rate of perennial ryegrass in pronounced reductions in radiation receipt or if 
from values of solar radiation and simulated canopy prolonged periods of complete light interception
photo.ynlhesis, Alcock (1975) indicated that with occur. 
a leaf area index of 6, applicable to stage 3, the 
maximu idifference in solar radiation in June wol d Temperature 
result theoretically in a reduction in growth rate Seasonal changes of monthly mean screen temper
of 25 kg D.M. ha /day . ature for a hill and lowland site are illh'strated in 

More recently an experimentally determined rela- Fig. 9. Although a soil temperature at a depth oi' 
tionship between maximum pasture growth rate, 20 mm would be a more appropriate unit of compari.
including roots and shoots, and solar radiation has son, there are considerable local variations in this 
been obtained for tall fescue(Alcockand lHutchinson, measurement such as those caused by slope aud 
1976): aspect, and screen temperatures are probably more 

Maximum growth rate (gin */day) useful in giving a general classification of sites. 
= -3.18 + 0.05 cal cm /day Superimposed are threshold temperatures for the 

r= 0.95'** commencement of net growth (net dry matter accu
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Figure 9. Monthly mean screen temperatures (adapted from Alcock, 1975). 

mulation) of grass and clover (Stage 1). These 
compare vell with the recorded duration of growth 
in the field (Fig. 10). The shorter growing season 
on the hill is a pronounced feature but subsequent 
growth is also temperature affected. Rates of leaf 
extension of grasses are closely related to tempera-
ture (Stage 2) and a comparison of hill and lowland, 
based on temperature and on published observations 
on the rates of leaf extension at different temperi-
tures, indicates a rediction in growth throughout 
the season which is most pronounced in the sprinp, 
months (Fig. 11). 

In general, temperature is the major limiting com-
ponent of the hill climate and exploitation of local 
site variations and the use of low temperature-adapt-
ed genotypes is an important aspect in hill pasture 
production. Lethal temperatures in winter can be 
significant for poorly adapted genotypes, particu-
larly where the use of fertilizer has been intensified, 
Ir .'---ent years winters have been mild and this 
proh'em has not been so evident, but if long-term 
changes in climate, which are predicted by a number 
of climatologists (Bryson, 1974; Lamb, 1974), materi-
alize, then this aspect will become critical and indeed 

the implications for furtherreduced growth in spring 
are alarming. 

Wter Status 
In general, as altitude increases so does rainfall. 

Changes in this occur owing to proximity to the sea 
and position relative to high mountains. Local varia
tion in rainfall receipt can be influenced by minor 
variations in topography and proximity to tree shelter 
belts. Soil moisture, however, varies even more so, 
spanning a complete range from very dry soils where 
these are shallow and on south-facing slopes to 
waterlogged soils in depressions and where drainage 
is impeded. Despite a superficial impression that 
the hills are well supplied with rain, the fact is 
that short periods of water shortage are of regular 
occurrence and indeed much of the indigenous 
vegetation is xeromorphic in character. A detailed 
quantitative analysis of the water regime (f hill soils 
is not available but the significance of this factor 
in influencing production is clearly seen in the Nebo 
data (Fig. 4). This peaty gley podzol has an imper
meable layer at about 250 mm and the estimated 
available water capacity (0.1-15 bar) is only 74 mm 
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Figure 10. Seasonal changes in growth rate in maximum crop production experiments (adapted from Alcock, 1975). 

(Rudeforth and Thonmasson, 1970). This makes it 

vry sensitive to variation in rainfall as the produc-
tion data indicate. Variation in soil moisture and 
rainfall has a complicated effect on pasture growth 
in that both the mineral nutrient supply and plant 
physiological processes such as leaf extension and 
stomatal resistances (Stages 2 and 3) are influenced, 
while excessive leaching during the winter main-
tains an impoverished state of fertility. 

The presence of more permanently waterlogged 
soils creates added iproblems which adapted species 
and drainage can only partly solve (Rogers Nt al., 
1973). 

Frequently the question of the significance of 
increased windi speed in hill areas has been raised. 
Our evidence is that reducing wind speed by provid-
ing wind barriers can have the effect of reducing 
plant water stress and of increasing growth mainly 
wlen soil moisture deficits are not large (Alcock 
elal., 1976). For example, the data in Fig. 12 illustrate 
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the effect of artificial wind shelter on the percentage 

increase in growth rate and relative leaf water content 
of perennial ryegrass growing at a distance of 4 h 
from a barrier (h = height of wind barrier). Increases 
in growth arise from increased leaf area, during Stage 
2, and greater partition of dry matter to the shoot 
during Stage 3. Not only is the soil water status 
important in d(letermining the extent of the response 
but so also is the vapor pressure deficit of the air 
flow. If air is )lowingfrom predominantly dry areas, 
then a maximum effect of shelter is cbserved. A 
full evaluation of shelter as a means of modifying 
pasture production is being mad(e but as yet the 
work has not been completed. 
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Responses of Perennial Grasses and Legumes to
 
Slope and Microclimate*
 
0. L. Bennett, E. L. Mathias, and G. A. Jung 
United States Department of Agriculture, Agriculture Research Service 

Slope orientation and inclination largely deter-
mine the angle at which the sun's riavs Ire received 
at thbe soil surface and, therefore, how they affect 
soil tIemperature and soil-water-plnt relattionships. 
Species t(lapted to a southerni slope may not he 
adapted :) atnorthern slope. Il permanent pas'res, 
speci(- ':,,maining in the swir(l may be influenced 
1(11(w b5 thl microclimatte created by the slope 
inclination and orientation than by management. 
Before field results ohtained in hilly or nountainous 
terrain can he evaluated proprly, the effe(:ts of slope 
inclination and orientation oin nicr(u:limate must 
be recognized, nwisured, nd interpreted for their 
influence on overall soil-water-plant rel,itionshins. 

Slope-oriented differences in perform,:nce of forest 
species have heen observed for nian' 5er,its in mooin-
tlinous terrain. Ilowv(er, the effects of slope orienti-
tion on growth of forg(! species hae o)nly heen 
exainine l cursorily (Marc-lDes(;lhenes. 19(66 McKee a, 19(5). and flolsWid (195-1)al.. Thornthwait, 

pointed out that relief and exposure signifi:antly 
affected the amount (f radiation receivel ly a givel 
site. Cotlli ('192-2) found nmarked (differences in spe-
cies composition oin north in( south slopes in Texiis, 
which he attributed to witer relations since he found 
that eval)(transpiration (E') was 24 to 66', higher 
and temperature was 6 to 12 C higher on southern 
slopes than on northern slopes. Vegetation density 
on southern ,;!, p- s was less than ha lf that uif corthero 
slopes 

Fiatte (1951), who studied shale barrens in the 
Appalachian Region. found some interrelations Ibe-
tween barrenness an(l slope-steepness and orielta-
tion. Barrenness geneially increased with slope but 
lid not oc(;r at all on slopes of less than 20' and 

on north slopes. Moderately steep southern slopes 
and very steep eastern and western slopes were 
barren, 

Marc-Des(;henes (1966) found that differences in 
insolation on northern and southern slopes caused 
by the angle of incidence of the sun's rays affecled 
soil moisture and temperature in grazed pastures 
in New Jersey. Southern slopes had higher soil 

Research Srv ice, JSI\t rrt.an IiriwW. Va.; Asit 'Virgiii,, 
Univ:r::'y A rictiltural Experimernl Siition; ,ind IU.S. Paslilre 
Rusearch Laoruory, Urtuivrsily Park, Pa. 

temperatures and lower soil moisture contents than 
did northern slopes. Tenperat ire differences were 
2 C on newly seeded pastures and I C on old 
permanent pastures. Ihelemperature and soil mois
ture differences between northern and southern 
slopes were slighlly greater on steeper thain on 
gentler slopes. 

McKee et al. (1965) hav'.e ol)s(rved that the dir(c
tion a highway slope fii(:(s greatly affects thw esth
lishmentl, a(laptation, nd st nl survival of sods: 
Kentulckv-31 fescuetrw' hest on tll northernl sloli)s 
an( Berinudagrass grvw best on the southern slopes,. 
Wang (1963) pointed oul that tle duration and 
intensity of light striking the soil wis greaitly niodi
fied by slope orintition with r(tslict t() the sun. 
Ileating aond cooling (if the soil surfaice were, afflected. 
naiinly by solar radiation, long-wave lila:k rmlial ion, 
an(l convection. 

Temperaturei dirctly iiffe.c:td growth and persistence of a giver plant speciesthrough its itfliwi:e 

on ET. As the soil and air tniperitures increised. 
ET correspondingly increised. lallin (lIq(mt) found 
that maximum soil surfic te!nperitures in(reised 
as percent slope increised(Io southern ,:lope!s nd 
decreased ats perc(nt slop( in:cre.sed on n(orthern 
slopes on forest (ut-(ivers in southwest ()rvgon. le 
found maximum surface temperatures of 71 C on 
southern slopes and 52 C on thw northern slopes 
(luring August, 19(64. 

Controlling evaporatiornal (E) s()il-witer loss is 
probibly the greitest prolehn fiacing agriciullure 
today. Evaporation from the soil surface generally 
accounts for 40 to 75";. of the annual precipitation 
(Robins, 19(l; Wendt, 1969). The remainder of the 
total soil water loss is a,;ccounted for by tramspiration 
an(l by percolation ;aind runoff. 

Viets (1.9(62) indicated llhat '" depends Almost 
exclLsively oin meteor(ological Conditions ;Ind is 
usually 1101 affe(ted by the nature of vegetation as 
long as the veg(tation is green and (ompletely covers 
the land surface. 

Evapotranspiration is affected by both climnatic 
factors aln( soil factors (Wendt N al.. 1970). Radia
tion, temperature, vapor pressure, CO).., and wind 
ventilation (Lemon, 19(1i) influence both ET and 

growth of plants. The major soil factoirs affecting 
ET are fertility, soil moisture piaramnleters, soil tent
perature, bulk density, and aeration. Therefore, we 
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must consider all of the above individual factors applied to all sites prior to seeding at a uniformplus the total integrated effect upon the plant, since rate of 77 kg P/ha and 140 kg K/ha. In addition,
most of these factors are interrelated, all grass species received an ammonium nitrate

Penman's and Thornthwaite's formulas indicated starter application of 112 kg N/ha. During harvest
that potential ET cannot exceed that of evaporation years, 77 and 140 kg of P anl K, respectively/ha,
from a free water surface; however, Pruitt and were broadcast to all species before growth startedLou rencue (196(i8) reported that the ratio of ET to pan in the spring and after each harvest. A total of 225
E for fescue and ryegrass at Davis, California, was kg N/ha/yr was appliel to grass species, one half
about .80, except when winds ani invection were before growth started and one half after first harvest. 
strong. In comparing the standard weather bureau First-year yields were taken for the three grass
pan E with measured ET rates, Bennett and Doss species after growth had virtually ceased in late fall.
(1963) and lDoss 0f ,l.(1964, 1965) indicated that Forage was harvested one to three times/yr by
the ratio may he as much as 1:35 during parts of clipping a 0.95 m swath through the middle of each
the growing season with cotton and several forage plot. At the time of each harvest, a representative
sp)ecies. sample was taken of the forage from each plot for

During recent years, net radiation (Rn) has been moisture determination and for chemical analyses.
used as a means of calculating potential ET (Doss Yields were calculated on an oven-dry basis (65 C).e id., 106-1i4 and Doss of al., 1965). In general, Rn Beginning in 1967, soil moisture was measured
uhependls on the optical properties of the surface gravimnetrically in all plots. Soil moisture was deter
reflectivity, emissivity, and surface lemperature. to anined for each 15 cm increments sampling 
MATERIALS AND METHODS 60 cm depth throughout the growing season. Evapotranspiration rates were calculated on the basis of 

D~ur'ing 196i6 to 1969, field studies were conducted available soil moisture found at each sampling date,on north- and sou th-facing 30-35 % slones. The faces plus the anount of rainfall received (luring a sam
of the two slolfs oriented within less than 5' of pling periol.
north ind south directions. Soil oin each slope was The following microclimate data were continuidentified as (;ilpin shal!y silt loarm, a member of Ously measured on each slope: Maximum and mini
the fine-oiriy. unixed, inesic family of Typic Haplh- num air temperatures at 1 m above ground; soildults. P'erct:d experinental sites were about 1 ha temperature at the soil surface, and at 2.54 and 7.6 
on eaICh slope. Five forage species were established c:m depths with all(] without a cover of bluegrass
on each slope: ConUroil Kentu:ky bluegraiss (Poa or fescue; wind velocity; evaporation from a standard
pratttisis), Kerrtmoiky-:tl tall fescue ('estfuca atin- U.S. Weather Bureau evaporation pan; net radiationdinacea), Midlaml Ilormuulaigrass (C'rouion actv- over bluegrass plots; and daily precipitation with 
on), lmpire birdsfoot tr!foil (Lot is co-ricillaiUs), a rain gauge.
and Chemurng c(rwnvetch (Coroniflla varia). The Temperature of soil and Rn were measured
BernIudagrass was plant ed by hand-sl)rigging at 30 aitoma tiC: 

with 
recordinrig equinpment. Temperatures were cm intervlIs. tinifori shnls of Allspecies were measured using copper constantan thermocouples.

oltainel by the en(d of the first growing season but Radiation was measured using Fritschen miniature
irrigation was re luirel for the sotuthern exposure. net radiometers dehsigned for recorders with disc
The sites were about 85 in apart. Species were integrators and totalizing counters.
eslablished in a split-plot design with four replica- Beginning in 1967, plant growth and incidence
tions. Slopes were uisedias main plots and species of plant diseases were noted at regular intervals on as sub-plols. Sulb-plots were 2.4 by 3.7 n and ,were all plots. Identity and severity of plant diseases were
placed at the saie elevatioii on both slopes. drtermined (Benett and Elliott, 1972).

Before plots were seeded, soils on all slopes were During the first two years cf tile study, pure stands
samipled by 15 cm increniients to a depth of 45 cmn of each species were maintained by handweedingto determiue pi and available nutrient status of tilt all plots. In the last year of the experiments, we
soils. In addition, undislurbed core samples were made no attempt tocontrol foreign species; but yields
taken ia7.5 (:m increirlts to ia12) ciml depth on .- djusted to reflect only the percentage of the
all slopes to d(eterminie bulk density and moisture ,,ed species present.
retention characteristics. Soil moisture tension 
:urves were determined by nieans of i pressure plate RESULTS AND DISCUSSION 

and pressure ruenibrane apparatus. i-
Before seeding, the soil on the southern ani Forage Yields 

northern exlposure was linined uniformly with 9 and T'.otalI annual yields for each species are shown
6.5 MT/Iha, respectively to the soil test recommen- in Table 1.Seasonal yield distribution will be dis
dations. Lime was incorporated to a 15 cm depth cussed. Only bluegrass, tall fescue, and Midland
with a rototiller. Phosphorus aind potassium were bermudagrass were harvested for yield determi
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TABLE 1. Yield of five forage species as affected by slope orientation 

1Iffi1 19611966 1967 

South North South Nierth Soull
Species North South North 

Kg,'ha 
(61112 2 796

Kentucky bluegrass 7 745 2162 6 941 3 076 i667 3 H92 

(Poa pratensis L.) 
11111 12756 11 3575875 3 60h8 9 ttI 10004 I I136Tall tIesctl 

(Festuca .Prondinacea L.) 
9 236 94114 7 982 6 96:1 11605 11 217

Crownvetch 
(Coronilla varia L.) 

6937 6 142 6 540 1) 152 7 560 7 1:39
3rdsfoot trefoil 
(Lotus cortnicv],itus L.) 

7708 11 161 12II(1 12.17 11(406 17954
Midland hermudagrass 4475 11 319 

(Cvtlodon dact'lon L.) 

Statistical Analysis: LSD .05 
Slopes . Species 9611 kg/haRel. Shopvs 026 kg/ha 
Slopes Species x-Yea, 1015 kg/haht. Species 44:3 kg /ha 

nations in 1966 (TableI ). Bir(tsfoot tretoil and 1 1966 
.
 

Griiwnvetc:h grew substantially in1966,but they'were 1-

not harvested to allw for good establishinent and 

winter survival. Yields from all three grass species 
affected by shipt orientation.were significantlv 

Bluegrass and tall fescue vieids were highest on 
the northern slope while the liermuda,irss yield 25 

was highest on the southern sh)pe. 20 

Rainfall during th( 1966 growin- se.iso (Fig. 1) 
low (74 ciml. itd plants oi1 the 15 

w as extre mfelv 
southern slope suffered severely from laick of avail
ablesoil moisture, while plants on the northern slope 10 

became established sooner. mainly du, to the lower 5 
soil temperatures and r ! v.,nlale soil ina)|sture. 
The growth rate of liermudjagrass (n the siiuthern 
slope was much fiaster than on the northerl slope. E.
 

The dry conditions and high tempe atures on the
 

southern slope did not alversely affect normal estab- 20'
 
1.68lishment anld growth of Bermud agrass. 

of th.- tire for,ige species .15
In 1967-1969 yields 


varied considerably by harvest date and by exposures . 10
 
(Tablhe 1). Total rainfall (Fig. 1) was near normal
 
in 1967 to 1969 but distribution varieid considerably.
 

All forage species started growth more than thrteL
 
weeks earlier on the southern exposure than on the 25
 
northern exposure. Nevertheless. Bermudagrass. ex
cept for yield distribution of the various forage 20 1969
 

species, was generally more even on the northern 15
 

than on the southern slope. Bluegrass yielded signif-'
 

icantly more on the northern exposures than tin the 10
 

southern exposure even though new growth was 
the southern slope. Total seasonal 5initiated first on 

yields of bluegrass for the four-year period averaged
 

about 6800 kg/ha on the northern slope as compared r M A M i J A s 0 N 0
 
Mont h, 

to 3000 kg/ha on the southern. Only one harvest 

was made on the southern slope as compared with Figure 1. Total monthly precipitation, 1966-1969, with normal 

two and three harvests on the northern slope. Ac- precipitation indicated by line graph. 
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tuilly, addi,:onal bluegrass harvests could have been 
made each year on the northern slope. However, 
root reserve accumulation was aided hy not harvest-
ing late in the growing season, 

Tall fescue produced higher first harvest yields 
each year on tle soulhbern slope than on the northern, 
but second anti third harvest y~elds were consider-
ably higher on the northern slope than on the 
southern. Total annual yields were similar for both 
slopes. Tall fescue on the sotilbern slope was ad-
versely affected by high temperatures and low avail
able soil moisture (luring mid-summer, hut this 
species has the ability for rapid regrowth when 
environmental :onditions are favorable. 

Crownvetch yields were higher on the sou(! ern 
than on the northern slope for the first harvest each 
year hut not for second harvest. Higher second 
harvest yields on the northern slope reflect the higher 
soil moisture conditions and lower soil temperature 
as compared with the southern slope. Exposure did 
not significantlyiin affect total yields for the seasonex:ept 196i9 when yiels were higher on the 

southern slope. During the early part of the growing 
season damage from Sclerotinia trifoliorunm may have 
c,itised the lower yields on the northern slope in 
1969q.

Yields of hirdsfoot trefoil for the first harvest were 
generally higher on the southern than on the northernsloe,tc'~inreaenlearyeflcti rg rowh fom 
slope, refleating ti, increased early grow h from 
higher tetlerature (luring Ihe( spring. In 1968 
highevst total yields were obtain!d ol the southe:rn 
exposure, reflecting more moderate temperatures 
and suffit:ient available moisture. In 1967 and 1969, 
total yields were it difterent between exposures, 
hut plant populations differed significantly. Two 
harvests of hi rdsfoot trefoil were made (ltrinig 19 
with no significant difference in yields between 
slopes at both cutting clates. After the second harvest 
tin the southern slope, very few Plaln ts prod uced 
any regiowth and by the end of the growing season 
the stand of birdsfoot trefoil was almost completely 
lost. At the same time, good stalds were still present 
on Ihe northern slope. The loss of stand was mainly 
due to Steinphyliuln lti. 

Midland berm udagrass, a semilropical species, 
survived the winters with temperatures as low as 
-27 C. Plants on the northern slope were usually 
protected by snow (luring rnach of the winter,
whereas plants oh the southern slope were subjected 
to a series of freezing anti thaving cycles. which 
did not seem to damage the 13ermnudagrass. Total 
annual yields were usually significantly higher oni 
the southern slope than on Ihe noithern slope, 
Midlanid hermudagrass producesa deep fiberous root 
system and, therefore, was less affected hy droughlt 
conditions on the southern slope thanithe other plan 
species. 

In 1969, Midland bermudagrass produced total 

yields of approximately 18000 kg/ha on the south
ern slope as compared to8400 kg/ha on the northern 
slope. Over a period of time, bluegrass had invaded 
the Bermudagrass plots on the northern slope and 
about a 1 MT/ha crop of bluegras- hay was removed 
from these plots before the bermudagrass started 
growth in 1969. Even with the addition of the 
bluegrass to the total yields of the bermudagrass 
from the northern exposures, the yields were signifi
cantly higher on the southern slope. 

Microclimatic Measurements 
Radiation was the factor controlling all other 

microclimate measurements made (luring the study.Differences in soil and air temperature, E, ET rates, 
and even plant diseases and forage production were 
directly or indirectly related to radiation. Slope
oriented differences in radiation levels were mea
sured throughout the experiment (Fig. 2). Net radia
tion (Rn) was always higher on the southern than 
on the northern slope for all months of all three 
years. Since total monthl, Rn data were very similarfor each of the three years, only the 1968 data will 
be given. 

In 1968, Rn for the months of February, March, 

and April was more than twice as high on thesouthern than on the northern slope (Fig. 2). The 
amotint of Rn measured on the souithern slope in 
April, 1968, was higher than the amount measured
during June on the northern slope. These radiation 
levels on the southern exposure in April were alsoreflected in higher soil temperatures for the southern 
Slope. 

Slope-orientation differences in Rn tended to de
crease from Febrtary until le, when the longest 
days of the year were reached. The difference be
tween north and south slopes increased near fall 
ard winter. Decemher and January often had negative
Rn irdicating more heat was being released from 
the soil thangwas asorbed from the son. 

Temperature Measurements 
Temperature measurements for 1968 as affected 

by slope orientation are shown graphically in Fig. 
3. Air temperat tires were not sufficiently different 
(2-4 C) between north and south slopes to show 
them graphically, since lines were overlapping most 
of the time. Soil temperatures were Usually highest 
on the surfac:e of hare soil on the southlrn slope. 
Temperature .differences of more than 23 C between 
the northern anid southern slopes were found on 
the bare soil. Temperatures as high as 62 C were 
measured on the sotithern exposure at 2.5 cm with 
soil thermometers on extremely hot days when air 
temperatures reached 37 to 39 C. Even in midwinter, 
the maximum temperatures were as much as 14 to 
17 C higher on the southern exposure than on the 
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10, 	 *Sout h 

!North 
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;% 

543,
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z 
A
 

Jan Feb Apr Jun July Aug Sept Oct Nov ecMar May 
Months 

radiation by months. measured at 1-meter height over a bluegrass sodFigure 2. Effect of slope orientation on cumulative net 
in 1968. 

northern exposure (Fig. 3). In 1968 the greatest 	 Wind Measurements 
temperature differences between north and south 
exposures seemed to be from mid-August through 
m i c-Nove mber. 

Differences in minimum soil temperatures he- Air currents can increase or decrease plant and 
m ore m od ei- so il tem p e ra tu re s , E , ET ra te s, an d tlh . ra te o f CO .()tw ee n n o rth an d so u th e x p o su res we re 

exchange. Air moverment may determine whetherate. The greatest differences often occurred during 
the winter months as a result of the presence or 	 or not frost will form, or tenpera tore inversions will 

occur. Wind was measured to delermine its effectsabsence of snow cover, 
Maximum and minimum soil temperatures at 2.5 on some of these parameers. 

cm and 7.6 cm soil depths, either with or without Wind measurements show a significant negative 
relationship with radiaIion-when radiation wasvegetative cover, generally followed the trend of soil 

wind was high. Total air movement on thesurface temperatures. Often during winter months, low, 
the minimum soil temperatures at 7.6 cm depths southern exposure was usually higher than on the 

northern exposure. Win( was always higher duringwere considerably higher than minimum tempera-
tures at the 2.54 depth, which was expected due the winter months and lowest during summer 

to the cooler air temperatures during winter months. months. 
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Figure 3. Maximumf and minimium soil temperatures in hare soil at 2.54 cm depth, as affected by slope orientation. 

Soil Moisture 

(>irsistetl intd similar (lifferences in soil moisture 
exlr,wtim patterns between exposures were found 
for ill plnil species Ihroughout the experiment, 
Therefore, only the lt.ti7 (iilai are given in Fig. -4 
for eliffivie fora'ge species. 

The effect of slope orientation on available soil 
moisture content was highly significant (P > .0Ol) 
due mainly to tw differences in availabhl soil rois-
lur bween north and south slopes for ea(;h 15.2 
(;In inreneivI and for ihe total mnount illthe soil 
profile (0and li1(:l) (Table 2). Soil moisture wis 

wIa*vs hig1her on the northerii slope than on the 
southern slope. l)ifferemces in availahl soil moislure 
due to species were% also Iighly significant for all 
ihree yevirs. Illuegraiss and fescue had widely dif-

ferent litters of available soil moisture, especially 
il19fi7. For Iwo of three years, there was a significant 
int8r,81tion belween slp;s and species; however, 
during 1ti!9 with normal rainfall, moisture use by
spiies tende'd I be si milr on both slopes. Since 

the available soil moisture was determined by toie 
a lfoOnI of preiipita tion and( by El'rates of the various 
forage species, the significant interactions found for 
slope x sampling day. species x sampling day, and 
for slope x species x day would be expected. Evapo
transpiration rates would not necessarily be the same 
for all species on both slopes on the same date. 
Furthermore, harvesting plants drastically altered 
the water use rates for several days afterward for 
a particular species. Available soil moisture content 
for hermudagrass, crowtnvetch, and tall fescue 
reached the lowest point about the same tite that 
plants were harvested for yield. In 1967, there was 
a chara(leristic pattern whereby the soil moisture 
increased for several days after plants were cut and 
then gradually decreased until the plants were har
vested again. The rate of change for soil moisture 
content depended upon slope and species. 

The amount of available soil moisture present in 
the upper soil profile was one of the most important 
factors limiting growth and production of the five 
forage species on the southern slope. When the 
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Figure 3 (Contd). 

TABLE 2. Analysis of variance (F values and probability levels) for the effects of slope orientation on the 

available soil moisture content by soil depth, species, and sampling dates, 1967 

Values for 'F"and probahility lvv s for ,ith soii di-plh 

45.7-6i1.0 :" Total (0-6t.0 cIm)
15.2-30.5 cnm 305-45.7 (m)

Source of 0-15.2 cm 
P F P F 1variation F" '" F P F 

(.01 11111.95 0.001 67.31 (.001
Slope 59.35 0.001 32.70 0.001 9.92 

44.19 0.001 57.33 0.001 
Species 8.60 0.001 33.07 0.001 27.49 0.(01 

0.001 
Sp x Slop; 3.64 0.005 8.44 0.001 2.08 NS 6.59 (.005 6.51 

52.09 0.001 93:1.39 0.001 177.H2 0.001 
Day 70.83 0.001 71.24 0.001 

2.61 0.005 14.34 0.001 11.77 0.001 
Slope x Day 5.72 0.001 10.03 (.001 

000(1 7.46 0.001 11.211 0.001 
Species x Day 6.37 0.001 6.48 0.001 6.32 

3.02 0.001 2.26 0.001
S1 x Sp x Day 2.27 0.005 2.14 0.005 2.68 0.005 

'F Value. 
"Probability Level. 
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Figure 3 (Contd). 

average avw,iIhle soil moisture content for all species of available soil moisture, even on the southern slope, 
and simnpling dates are compared for each of the as indicated by ET rates and plant appearance. Roots 
slopes, the average amount for the southern slope were found well below the 61 cm soil depth, which 
was usually less than one-half of that for the northern meant that the bermudagrass was extracting water 
slop,. from a much larger volume of soil than species such 

as bluegrass.Evapotranspiration The average seasonal rates for all species in 1968 
The daily evapotranspiration rates (EP) varied with were about 10 cmr/day higher than those in 1967, 

the amount of available soil moisture and with reflecting higher rainfall for 19C8. The 1968 average 
temperature (Tahles 3 and 4). In general, the higher ET rates varied from 0.32 to 0.36 cm/day with 
ET rates were found on the northern slope exposure slightly lower rates on the southern slope for most 
herm use soil moisture was more available throughout species. 
Ihe growing season. In 1969, rainfall during the growing season was 

Due to space limitations, ET rates are given for near normal, and ET rates were high throughout 
only bluegrass, a shallow-rooted species, and ber- the season. Average ET rates for the season showed 
mudagrass, a deep-rooted species. little overall difference due to slope orientation with 

lermurdagrass did not seem to be affected by lack rates varying from 0.34 to 0.38 cm/day. However, 
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Figure 4. Available moisture in upper 61 cm of soil for bluegrass, fescue, Bermudagrass, crownvetch, and birdsfoot trefoil, as 

affected by slope orientation and sampling date in 1967. 
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TABLE 3, Average daily Evapotranspiration Rates 
(ET) for Bluegrass by growth periods as affected 

by slope orientation 

ET rates/day 

Southern Northern 

G;rowth period shlpe slope 


1967 cm cm 
(6/0)l-t/13 0.19 0.22 
06/13-06/I 0.15 0.63 
06/19-O0/26 0.27 0.59 
06/26-07/12 0.21 0.25 
07/12-07/26 0.30 0.43 

07/ 26-00/09 0.29 0.26 
011/09-00/24 0.06 0.24 
011/24-09/27 0.25 0.23 
Season Average 0.22 0.28 

1968 
04/22-05/07 0.33 0.27 
05/07-16/06 0.57 0.57 
9Ei/(0-( /I 9 0.62 0.16 

Of 19-07 /00 0.36 0.42 

(10-07/21 0.11 0.06 
o, 21-07/29 0.55 0.29 

07/29-011/011 0.26 0.34 

0ll/011-00l/ 19 0.24 0.26 

il/ -(-09/04 0.35 0.41 

09/0,1-09/22 0.29 0.19 
09/22-11/02 0.18 0.10 

Season Average 0.33 0.32 
1969 

05/19-05/27 0.20 0.20 

05/27-06/17 0.23 0.31 
06/ 17-36/26 0.14 0.24 

06/2)i-07/02 0.33 0.30 

07/02-08/22 0.45 0.40 

011/22-09/05 0.27 0.18 
Season Average 0.32 0.31 

the Elrates for fescue from June 17 to July 2 reached 
a high of .63 cm/day on the southern slope, which 
was considerably higher than those for the northern 
slope, 

The only times when ET rates were near maximum 
were inlniediately after periodls of high rainfall, or 

airly in the spring hefore the available soil moisture 
was depictled, usually hefore the soil moisture ten-
sin in the i.,; zone reache(d 1 atm. With the high 
soil tenlper.,!irvs oil the soutbhern slope, high ET 
rapidly (heple ,d tihe availahle s(iil moisture in the 
top 15 cm of the mil profile, resulting in water 

dhefi:ienc:y ill a short pt:iod of line for such shiallow-

riotel lplant sl)ecies as luegrass. Deelper-root ed 

spec:ies (hernu dagrass and crownvetcb) were not 

iffected since their root systems provided access 
to a mu:h larger reserve of soil water. 

If irrigation (:uld have been applied to species 

growing on tile southern slope, much higher yields 
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TABLE 4. Average daily Evapotranspiration Rates 
(ET) for Bermudagrass by growth periods as 

affected by slope orientation 

ET rates/day 

Southern Northern
 
Growth period slope slope
 

1967 cm cm 
06/06-06/13 0.38 0.36 

06/13-06/19 9.17 0.17 
06/19-06/26 0.33 0.17 
06/20-07/12 0.25 0.22 

07/12-07/26 0.26 0.32 
07/26-011/09 0.18 0.24 

00/09-0/ 24 0.09 0.05 
06/24-09/00 0.41 0.24 

09/00-09/27 0,18 0.16 

Season Average 0.24 0.23 
1968 

05/07-06/19 0.60 0.61 
06/19-07/08 0.17 0.42 

07/08-07/17 0.11 0.14 

07/17-07/21 0.17 0.19 
07/21-07/29 0.26 0.25 
07/29-011/00 0.47 0.38 

011/(1)-01/ 19 0.23 0.09 
o/ 19-09/22 0.19 0.22 

Season Average 0.34 0.36 
1969
 

05/19-05/27 0.11 0.45
 

05/27-0/17 0.32 0.38
 

06/17-06/26 0.31 0.08
 

06 /26-07/02 0.29 0.30
 
07/02-08/22 0.42 0.42
 

00/22-09/05 0.27 0.41
 

Season Average 0.34 0.38
 

of sme of the forage species could have been 
obtained. The higher energy levels provided by more 
radiation on the southern than on the northern slope 
could be utilized more efficiently with irrigation 
since low soil moisture and high temperatures, for 
certain diseases, were the limiting growth factors 
on the southern slope. 

Evaporation (E) from a standard U.S. Weather 

Bureau pan produced a very similar pattern to that 
of Rn (Fig. 5). Evaporation increased with season, 
reached a maximum in June and July and then 
decreased. Evaporation was always higher on the 
southern than :)n the northern slope. However, the 
magnitude of the differences in E between the slopes 

was not is great as that for Rn. Radiometers were 

oriented parallel to tile soil surface, but evaporation 

pans had to be level. Convective heat and air currents 

probably account for the differences in E between 
slopes. Air temperatures at 1 m above the soil surface 
were ai maximul1l of only 2-4 C higher on the 

southern as comparel with the northern slope. Cor
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Figure 5. Monthly evaporation from a standard U.S. Weather Bureau 

relations ("r" = .71) were significant between E and 
Rn on both slopes, 

W e made an attempt to determine microclimatic 
variables responsible for E an( ET during study.the 

on all possible 
combinations of the 20 microclimate measurements 
and the combined totals for each variable on both 
slopes. The most important factor affecting evapora-
tion was Rn with an -r" value of 0.71 on each slope 
(Tables 5 and 6)-0.70 when data from both slopes 
were combined (Table 7). Soil temperature at 2.54 
cm depth in bluegrass sod was the next most impor-
tant variable affecting evaporation. The correliton 
("r- = 0.57) between soil temperature and E on both 
slopes was significant. All air and soil temperature 
measurements had about the same degree of correla-
tion with E. 

A simple correlation analysis resulted in low 
negative "r'' values for the relationship between 
wind and E (-0.11, -0.04), indicating very little 
relationship between the two factors. However, this 

using simple correlation anal yses 
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Evaporation Pan, as affected by slope orientation in 1968. 

figoure can he misleading, since the (ffect )f wind 
on E aind ET depends upon oth r factors, like radia

tion and temperature. "'herewas a negative correla
tion between wind and All soil temperature nmeasure
menls ("r" = -0.33. -240.4B), since wind actually 
increases the E rate from soil surfoce, vhich lowers 
the soil temperature. Sirnce Rn is neasurled in heat 
energy units, the! srne relationships were folund 

tenlbetween wind and Rn ald be'twe(,n wind ia d 
perature. W indy i :on to equalize teinilimis tend.(d 
perature differen(c; of both s()il anId air oin both 
slopes. Since radiation is the main source of heal 
energy, highly significant correliions were found 
between (Rnl) and Al tfmpe:rature nwasuremlents. 
This relationship between Rn and stil temperature 
is shown graphically in Fig. 6, which was (developedI 
by using the average naximum soil surface tempera
lure for each month as compared with cumulative' 
Rn for each month. 

One of the purposes of making the various mi
croclimate measurements was to develop prediction 
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'TABLE 5. Correlation coefficients "r for microclimate variable on southern exrosure 

3 5 H 7 9 11 13 17 

1 imix. air ......... .(. .... 0.57 0.51 0.70 0.91 0.91 (.9(0 0.50 0.95
 
EVaporation .... ................. -0. I1 0.71 0,49 0.52 0.50 0.50 0.52
 
Wilt ..... ............................. -- 0.32 -0.411 -0.47 -0.50 -0.4:; -0.44
 
Net radaiili.n ......... ................................ 0.72 0.72 0.66 0.69 0.68
 
T. llx. soil Suflllle .......... ..................................... 1)97 0.95 0.91 0.91
 
T. max. 2.54 (:In......... .. .. .... .... .............................................. 0.98 0.92 0.91
 
T. inx. 7.6 (in. ........... ..... ..... .... ....................................................... 0.92 0.93
 

2.54 SCIl ........ . ..... .... 

T 11i.iv 2.54 ill 1It. Gr.................... ...................................................................
 

T . ( l ... .... .......................................................... 0.90
 

TABLE 6. Correlation coefficients "r" for microclimate variable on northern exposure 

3: 5 6 7 9 11 13 17 

Sflix. ail . ........... 0.57 -0.61 0.76 0.119 (.09 0.0ll 0.8 0.86
 
IEv'1IJrtiUii . .r. . ................. .. -0.04 0.71 0.56 0.57 0.56 0.50 0.55
 
Wind.. .................................... -0.37 -0.50 -0.51 -0.50 -0.54 -0.52
 
Nt ratdiaition ......... ................................ 0.78 0.80 0.78 0.71 0.74
 
T. m,. soil surfaci, ........... .................................... 0.95 0.91 0.92 0.92
 
T. (nix. 2.54 :fi. .......... ..... .... .... .............................................. 095 0.92 0.94
 
T. ilnidx. 7.M (iln...... .......... .. ..... .... ....................................................... . 0.91 0.93
 
T. Inix 2.54 ill i-est;ut ........ .. ... .. .. ... .......................................................... 0.94
 
T IaX. 2 54 I.III M. r. .....................................................................................
 

TABLE 7. Correlation coefficients 'r" for microclimate variable on north-south slopes combined 

1 5 fi 7 9 11 13 17 

T Ill . .. . 1... 0.511 (.fll (),87 0.85. 0.55 0.73 0.6( 1 0.113 

EVaporalionrl . ......... ................. .-0-.05 0.70 0.,i 0.54 0,53 0.51 0.52 
W ind .......................... --0... -0.47 --(1.47 -0.481 -0.46033 -0.44 
Net riliitiln ...... ..... ... ............................... 1.76 0.76 0.73 0.68 0.71 
T. I(lix. so ii ufe ................................................. (.96 0.92 0.91 0.92
 

T. inx. 2.54 cm .......... ..... .... ... .............................................. 0.95 0.92 0.93
 
T. inlx. 7.(; (;nl....... ..... ..... ..... ... ....................................................... 0.91 0.93
 

T. nlx. 2.54 1:nI lesc(i; ....... ..... ..... ..... .. .. .......................................................... 0.92
 
T mndx. 2.54- 1 l ItI. (;r.... .......... .............................................................................
 

equations for E anl1d ET. Measurements of El7 under 
field cond(litions without being aible to control soil 
moisture ar; ill liisl very poor indications of potentiali 
E'T. Sitce E from ia free; water surface gives iagood 
approxiiation if potential ET, tlhe developllent of 
ii llilliol to predict E would he very helpful in 
predicting water requiriments of plalts throughout 
the growing seilson, 

We itiaole i st'pwise nlillliple regressioll analysis 
on Iti of thi,! ii(:olinilate variables in ail altenipt 
to( idinlify varililles affecling "I Since all soil teln-
peratiures gave a sinilar correlation cIefficient, we 
averiged all soil tenpera ttire niastremients, hoth 
nlaxinilul and11ininilmui( at all soil depths, anl(] used 
theaverage valtie in the intiltipe regression analysis. 

R 2Repression equations and values are given in 
Table 8 for both slopes and for the average total 
of each measurement oil both slopes. Three factors
radiation, soil tempera t ure, aild wind-accounted 
for slightly less than 60% of the variation making 
tip E. Radiation al(onie accounted for allout 46%, with 
soil temperature adding about 9% and wind an 
additional 2%. This relationship varied somewhat 
between exposures, with the lowest percentage of 
the variation in E being accounted for with the 
northern slope. Radiation, soil temperaturo, and 
wind accounted for about 58 ,. of the total variation 
in E 0(l the northern slope, whereas almost 61% 
was accounted for by these th rce factors on the 
southern slope. 
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Figure 6. Relationship between net radiation (bar graph) and 

for all si.pes over a three.year period. 

were used on theCurvilikear regression analyses 
sanp variables to determine if a higher percentage 
of the variation for E could be explained by using 

the square of various terms in the equation. However, 

no significant amount of improvement resulted. 

Plant D iseases 

From 1967-1970, a detailed study was made of 

diseases affecting the five forage species on north-

soath slopes (Table 9). The plant pathogens listed 

not the only ones that were present; however,are 
they were considered to he the most important. The 

diseases caused by Drechslera sp. were the most 
damaging on bluegrass and tall ^escue, especially 
when grown on the southern slope. Disease problems 
and reducCd yields from snow mold- such as Scero-
tinia Trifoliorum were encountered when crown-

vetch was grown on northern slopes. The most 

prevalent pathogen affecting birdsfoot trefoil was 

S. loU. It may be the main limiting factor in produc-

tion under high soil temperature conditions. Mid-

land bermudagrass seemed to enjoy almost complete 

-00 

-0
 

00-200 .
 

100
 
tf. 

0 DJ A S 

maximum soil surface temperatures (line graph), using averages 

TABLE 8. Regression equations and R2 values for 
microclimate parameters affecting evaporation 

Evap. -. I.13514 

Radiation 
Soil temp 
Wind 


Southern Slope 
± .00057kWind) 0(1041(Rald) 

-± .Ittt25ti( il T) 
a
R lIncre.ase in Ra 

in4R2R;'0,4res 

0.4101 0I.49H14 
0.51H1 0.0907 
0.0(067 0.0177 

Northern Slope 
Evap. = 0.13017 + .00102(Wind) + .OO:i34(Rad) 

Radiation 

Soil lemup 
Wind 

Evap. = 0.11227 

Radiation 
Soil tmp 
Wind 

R4 Increase InR2 

0.4481 0.4481 
0.5364 0.011113 

0.5779 0(0415 
Both Slopes 

+ .0(}061(Wind) i-.00137(Rad) 
4-.o0231(Soil T) 

R2 Increase in R' 
0.45112 

0.5496 0.0(115 
0.45112 

0.0111100.561: 
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TABLE 9. Effect of slope orientation on disease incidence of five forage species 

Amount of plant (lamage 

Northern 

slope (%) Slope( % 
Southern 

Date Disease Plant Species 

10 	 1Bluegrass05-05-67 D. vagans" 
2 ' D. dictyoides 	 Fescue 15 

1010CrownvetchS. Irifoliorum 
212S. lOU 	 Ifirdsfoot trefoil05-12-67 

0 	 12
S. trifoliorum 	 Crownvetch 

1420D. vagans 	 Bluegrass 
50 	 16BIluegrass07-13-67 D. vagans 	 75b0CrownvetchS. trifoliorum03-15-60 

0 	 75" 
04-10-fil S. trifoliorum Crownvtc(h 

4 	 >1 
p. poae-sudeticea 	 Bluegrass 

5 	 1D. vagans Bluegrass 
3 1

D. diclyoides 	 Fescue 
0 	 60" 

04-17-68 S. Irifoliorum Crownvetch 
8D. tagans 	 Bluegrass 2 

D. dictyoides 	 Fescue 5 <1 
04U. striiformis 	 dluegrass 

1 	 0
S. loi 	 Birdsfoot trefoil 

6 
D. vagans 	 Bluegrass 12

05-06-68 
4 	 Trace

U. striiforinis 	 Bluegrass 
3D. dictyoides 	 Fescue 1 

2 	 Trace
S. lo1 	 Hi.dsfoot trefoil 

0 	 Trace
S. 	trifoliorum lBirdsfoot trefoil 

0 lob 
CrownvetchS. trift.liorum 

5 
05-29-66 D. dictyoides Fescue 	 7 

1 0 b0CrownvetchS. trifoliorumn 
0 	 TraceBirdsfoot trefoil 

20 
S. trifoliorum 

2 
S. 	Ioll Birdsfoot trefoil 

20 5 
D. 	vagans Bluegrass 

TraceI1.species 	 Ilermudagrass 0 
Ot-12-0t 3 

D. vagans 	 Bluegrass 50 
2 	 Trace

1. striiformis 	 Bluegrass 
2 

D. dictyoides 	 Fescue 4 
0 	 TraceCrownvetchS. trifoliorun 10 

S. loN} 	 Birdsfoot trefoil 70 
0 

D. vagans 	 Bluegrass 0 
03-20-61 

0 	 TraceCrownvetch 
1 

S. trifoliorun 0 
D. did voides 	 Fescue 

15 	 <1Bluegrass05-05-69 D. vagans 18D. dictyoides 	 Fescue 
250Crownvetch 

2 
S. trifoliorum TraceBirdsfoot trefoilS. lot <1 
D. vagans 	 Bluegrass 20 

05-2H-69 1 
D. dictyoides 	 Fe3cue 5 

200CrownvetchS. trifoliorum 215Birdsfoot trefoilS. loll 
0 	 TracetrefoilS. lritoliorum 	 Birtlsfoot 

5Bluegrass07-0)1-69 D. vagans 	 65 
520

D. dityoides 430S. lIoti 02Bluegrasstt4-05-70 D. vagans 0 
D. dictyoides 	 Fescue 2 

40CrownvetchS. trifoliorum <115Bluegrass05-14-70 1). vagans 2 
D. dictyoides 	 Fescue 5 

<15
S. lIoti 	 Birdsfoot trefoil 

250CrownvetchS. trifolioruim 
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TABLE 9. (continued) 

Amount of P'lant Damage 

Soutlhern Northern 

Date Disease P'tlnt Species Slope ( ) Slope ( 

05-28-70 D. vagans 
I). dictyoides 
S. trifolioruin 
S. lot) 

Bluegrass 
Fescue 
Crownvetch 
l3irilsfoot trifoil 

15 
5 
0 

15 

2 
2 

25 
5 

Drechslerav'angas(Drechs) Shoern: D. li,:tyoids -- Drechsera dictoides (Drechs); S. trifoliorun= Sleroftinia frifoliorun;
D. V;igans = 

S. 	lot) = Stomphyli mn)loti; V. poa-sludeticti - Puccini, pt~wo-sudtic,t (Vest) j)rst. 

"Based ol percent of ground cover 'Iffected. Plant dalgliei! reiesents average values from four replications. 

freedom of naijor diseases affecting other species. 

No major diseases were found on this species on 

either slope. 
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DISCUSSION 

Chairman Munro. In on(! point of my life I went 

under it period of indoctrination in New Zealand. 
Onet! of the main themries was the importance of slope 
and asptect in pasture growth, and you've given us 
a very brief explanation of the details as to why 
this is so inportant. 
P. Trew (Virginia, USA). lased on the data you 

you have, v)hat auvicehiave shown is or data thaIl 
would you give to the cattleman that's producing 
griss out h:re? 
Bennett. I think the farmer will ustually know his 
situation. A lot of times he knows what will grow 
in a dtifferent field or pasture exposure on his farm 
better thin anyone (eIs(. In these sItldi's we were 

hwtetemtdu Iifrns lin mi 
trying to show the tmendous differences in mi
croclimale that Cain exist in a short distance in hill 
land. I think there is no quetstion, that at the elevation 
where mea.snrIefentS were mide, we certainly would 
recommend different species for different exposures, 
mainly hecause the farmer ctn miake better ts( of 
his fertilizers by putting in a(apled species on each 
exposure. We wouldn't recomlnlltn Midland Ber
mudagrass on a northern exposure but it is highly 

productive under t1e climatic concitions of a south

ern exposure. The opposite is true with bluegrass. 
Bluegrass is better adapted to the northern exposure 
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at this elevation. Now there is one point 1 would and managed differently. Sometimes the old cows 
like to make here; as you go up in elevation, this will do this for the farmer if they have a choice. 
situation may completely reverse and bluegrass Early in the spring they'll go to the warmer condi
would be adapted to a southern exposure. tions on the southern exposure, not only because 

it is warmer, but because this is where growth starts 
Unidentified. In advising farmers in the manage- first and where they're getting something to eat. 
ment of different aspects anti slopes, would you In the middle of the summer they will go to the 
advise the separation of these areas by fencing in northern exposure where temperatures are cooler 
order to get the maximum out of it? and the quality of the forage is better. 

Bennett. Where it is economically possible, I would T. Taylor (Kentucky, USA). I have just one question.
 
cerlainly recommend that they be separated by fenc- I have not seen this data covered elsewhere. Hlave
 
ing and treated differently; that is, in terms of you published this data before?
 
fertilization, time of year that they would be grazed, Bennett. Yes, some is published, but not all of it.
 

82 
Soil-Plant Ecosystems in Tropical Hill Country 
(The late) D. F. Nicholls and D. L. Pluncknett 
College of Tropical Agriculture, University of Hawaii, Honolulu, Hawaii 

In planning for the development of tropical hill to over 2500 mm of fairly well-distributed rainfall 
lands, it is necessary to take into account the variable throughout the year (Plucknett, 1970). 
environmental conditions and to determine their In 1965 a series of experiments was initiated to 
impact on the success or failure of a particular determine the steps necessary to convert these lands 
enterprise. Hill lands are being developed for wider from brush to pasture by using aerial applications 
use for food or export crops, as well as for pasture of brush herbicides to control weeds followed by 
or commercial forests. Questions which should be aerial sowing and fertilization (Motooka et al., 1967a. 
asked include: what factors in the hills are most 1967b, 1967c, 1968: Plucknett, 1969; Nicholls and 
important to consider in development programs: is Plucknett, 1973). Pastures were successfully devel
it possible to dlevelop techniques which can aid us oped using aerially applied herbicides, aerial sow
in determining how best to use a tract of land; and ing, and fertilization (Motooka et al., 1967c). 
what approaches to development should be used However, the pasture species showed definite pat
in situations where inexpensive and yet effective terns of stratification and distribution throughout 
programs are required? the rugged topography which offered a variety of 

In Hawaii there are tens of thousands of hectares slopes, slope aspects, soil moisture andi nutrient 
of rugged hill lands which, if planted to improved gradients, soil surface temperature, and soil depths. 
pastures, could produce significant amounts of ani- These patterns were so distinct that it was decided 
mal products, especially beef. The most desirable that more detailed studies were required to determine 
of these lands lie in the high rainfall windward sides the effect of the environmental factors on species 
of the islands. Today many of these lands lie idle,, distribution and on potential success or failure of 
covered with weedy secondary forests, contributing these species in similar hill lands. Ecological tech
little to the welfare of the state. Also, there are man.v niques were employed to study environmental fac
pasture lands which have become degraded through tors, species distributions, and their irter-relation
weed and brush encroachment, to the point where ships (Nicholls, 1972). 
it is necessary to undertake improvement steps 
bordering on complete renovation. Many of these METHODS AND MATERIALS 
lands are too steep to allow mechanized clearing, The -lawaii Agricultural Experiment Station, Wai
weel control, or sowing. -lowever, their potential, lua Research Center, on the Islard of Kauai, was 
if developed, is great for they receive from 1500 chosen as a main site for this work. Another site 
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ws obtained later when a 1 500 ha section of forest 
reserve at Hanalei, Island of Kauai, was accidentally 
burned and was aerially seeded and fertilized to 
reduce the potenlial for erosion. This forest reserve 
site at Hanalei provided an opportunity to verify 
the earlier work at Wailua and also to study the 

hill environment and its effects on species establish

ment and perfiistence. 

Experimental Sites. The original (secondary) 
vegetation at Wail ua was dominated hy flse stag-
horn fern (Dicranoptoris linearis) and Bailks me-

lastoma (Melastotma inalahathricuni). Less prwalent 

species were ohia (Metrosideroscollima subspecies 
t)olytnorpha ), guava (fPsidium guajavat ),pandanus 

fe~rn (Sadleriaspp. ),
(Pandanusodoratissimus ). tree 

mrnini lruce), hau (libiscusjava plum (Syzygiutm c 

tiliaceus), downy rosenlvrtle (Rhodonivrttus to-
inentosa ), la:e fern (Stnotonha c:hiniisis). Boston 
fern (Nethrolepis vxaltt, ). and lanttnt (Lantana 
camcira ). The ltanilei forest r,s(erve vegetatior was 
comnposed of the same spcies. although ohia forest 
predominated at the higher elevaitions of the hurned 

the WailieThe soils of the experimientA siti, at ita 

lalii s()il a deep,series,Research Center fall into the 
lty (Typ icl (;ihb si u-

w ell-d rained. vr tvellv ,silty 

Inox). 
The soil otfthe Ilanalei regilon is classed as highly 

weathered. g(ently sloping. Kaena silty clay series 
rising up into rough lbrcken land otfresidual material 
It is classified its it Ilihimanu soil (Ustoxic IN 
mitropepts). 

The elevation of the Wailua Research Center is 
approximately 180 m while the forest reserve lands 
-at Hana'ei lia at 120-450 m. The topography of the 
Center study area consists mainly of narrow,, steep-
sided valleys, with distinct north- and south-facing 
slopes, measuring up to 70%. The Htanalei area has 
a similar topography with similar hut longer slopes. 

At higher elevations the slopes approach 80-85'14 

Both Wailua and Hanalei have a similar a na 

rainfall of approximately 2 300 mm,with a distinct 

winter maximum. The prevailing wind is anortheast 

trade wind with the possibility of strong southerly 
winds in January through March. 

Pasture development was achieved by treating an 
elongated, steep-sided, brush-infested, 20 ha valley 
in 1965-66 with two aerial applications of 4.48 kg/ha 
of silvex, 2-(2,4,5-trichlorophenoxy) propionic acid 
at six-month intervals. These treatments gave about 
60-70% control of the weeds and brush anti caused 

considerable drying of the vegetation. The area was 
burned in 1966 to produce a good ash seedbed. 

Twelve pasture legume species and cultivars along 

with two grass species (Table 1) were aerially sown 

into the ash together with the fertilizer. The legume 

seeds with appropriate Rhizobium strains were pel-

TABLE 1. Pasture species sown in the Wailua 
Research Center valley land development 

experiments 

Sowing rate 
Species Cultivar (kg / ha) 

LEGI.GUMES 
Glycine wightii Clarence 0.56 

Cooper 0.56 
Tinaroo 0.56 
Early flowering 0.56 

Desmodiun 
intrhtun Greenleaf 0.84 

Stylosanthesg tya oensis Schofield 1.12 
P11yrtleniiS e 

Mrp rprliu m Siraro 0.56 

Contrstni
 
pIubscens 1.12 

Lotnonis haiosii 0.56 

T'rij0ihn wrens N.Z. mother white 1.12 
clover 

N.. white clover 1.12 
Ladino white clover 1.12 

ASES
 
re,miea2n) 

rivhog h nno, 

Cystdon dactyln Bermuda NK-'7 2.24 

leted with T.V.A. slag using methyl ethyl cellulose 
as the adhesive. Biennial applications of fertilizer 
were made up to June, 1970 (Table 2). After planting 
(October 13, 1966) a twelve-month establishment 
period was allowed followed hy a nine-month leriod 
of continuous grazing. In j..le. 19Q9, Ihe area was 
subdivided and the three sections were rot ationally 
grazed on a three weeks on, six weeks off basis. 

Ecological and Vegetlion Anaysis Stifs. Im
research includedportant phases of the program 

the verification of evident dist ribution patterns of 

certain forage antl weed species; the t:oilection of 

vegetation and environmental data in order to relate 

TABLE 2. Fertilizer applications, Wailua Research 
Center valley land development experiment' 

Nutrient applied 
Dale Fertilizer applied (kg/ha) 

,ctboer, 1966 (Aerial sowing) ilus 
224 kg triple 
supurphosphate/ha 4l1 

December. 1966 224 kg (10-40-0)/ha 40N. 441) 

June, 1968 224 kg (7-:10-20)/ha 15N, 291), .15K 

June, 19J70 225 kg (7-30-20)/ha 15N,291),:15K 

"All fertilizers wer, aerially applied. 
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these patterns of growth to gradients of environ-
mental parameters; and the study of sward dynamics 
and productivity, identifying weeds most reliably
indicating sward degeneration.Mapping of species distribution patterns was f 

Mpinitte spc distiuio(aten asftcilitated by the use of data collected from belt 
transects and aerial and ground photography. 

Further field observations and data collecting took 
place on adjacent, freshly burnt hill lands of similar 
topogra phic and climatic nature. Species distribu-
tion patternsiand some soil profiles associated with 
these patterns were also studied at the Hanalei forest 
reserve. 

Sampling Transects. The valley at Wailua pro-
vided slopes with approximate north and south 
aspects. The transects were located by randomly 
selectingruninan oherazimuth for the first and thenth pralelat equaltransectdlistances apart,
running the others parallel 
using a surveyor's transit. 

On each transect five steel posts were located neach slop(t in such a manner that the first post on 
op of the south-facing slope was at the srsme eoteo 

tio, as the first post on top of the north-facing slope
and so on down the two slopes. A transit was uisedl 
to set ten sites on each of the four transects. These 
40 sampling sites were used t, gather data on soil 

physical and chemical factors, soil surface ternpera-
ture, forage productivity, and species dynamics. Nine 
other transects were established to measure vegeta-
tion dynamics. 

A "belt" transect was used to measure species 
distribution and dynamics. This belt method of 
sampling is made op of a "rolling" quadrat, I m 
square, along each transect. At each quadrat position 
along the transect, presence an] absence data were 
recorded for each weed and improved stcites. This 
provided a means of inapping the distribution pat-
terns of particular species at different locations along 
each transect. Thousands of individual quadrats were 
taken to verify the vegetation patterns observed, 

Soil and Plant Analyses. Soil moisture, pH, total 
soil N, extractable P, exchangeable K, Ca, Mg, and 
Mn, and water extractable Si were measured along 
valley transects and within the drip ring of (lead 
trees. Soils were sampled to a depth of 20 cm. 
Standard metho(ds were used (Nicholls, 1972). Plant 
analyses included: crude protein, P, K, Ca, Mg, Mn, 
Zn, anti Fe. 

RESULTS AND DISCUSSION 

The Hill Environment 
Certain soil and climatic factors were measured 

in this sttdy. This turned out to be fortuitous, for 
both of these environmental factors varied widely 
and appeared to be important in influencing species 
distribution. Detailed descriptions of the factors are 

beyond the scope of this paper, but some of the 
more interesting trends will be reviewed here. 

Topography. The percent slope at each of the 

40 sampling sites in the Wailua site ranged from 
0 to 751Y across the valley (along the transects),0 to 60% at right angle,_ to the transects. The 
0 to 60% at roghtwasgsee t thetr r t h e 
south-facing slope was steeper than the north-facing 
slope, the former averaging 56% and the latter 42%. 
Slope aspect influenced angle, duration, intensity 
of the sun's rays, and other factors such as humidity 
and the cooling effect of wind. Even though there 
were evident species distribution patterns within 
a particular slope, there were no evident differences 
in species composition between slopes of different 
aspects. 

AirmeasureTemperaturetemperatureat the GroundSurface. In orderto soil at the ground surface 
from one position on the slope to the next and from 

oesoet h te tdfeettmsoone slope h lyto the other at different times of the (lay,three maximum-minimum thermometers were set up 
at equal intervals on one north-facing and one 
souLth-facing slope. To protect these instruments from 
cattle, a heavy metal case was constructed around
them so that air circulation across the thermometers 
was possible. Temperatures were read daily for one 
year, recording daily maximum and minimum tem
peratures and the temperatures at 0800 and 1600 
hours. 

The south-facing slope had the highest daily tcm
peratures at all times of the year (Fig. 1). Highest 
maximum temperatures on this slope occured be
tween August and October, and the lowest occurred 
between November and January. There was a lower 
maximum temperature at the ground surface on the 
tops of both slopes, compared to locations farther 
down the slope. This could be explained by a 
"shearing' or cooling effect of the wind across the 
top of the slopes leaving relatively still, warmer air 
at or near the valley bottom. This could be especially 
significant when one considers that the northeast 
trade winds blow almost constantly across these hill 
iands. 

There was little fluctuation in daily minimum 
temperatures from one location to the next across 
the valley. This was to be expected since the sun's 
orientation has no influence on minimum tempera
tures which occur during the night hours. Lowest 
daily minimum temperatures occurred in the period 
Febuary-April and the highest during August-Oc
tober. 

Morning temperatures were generally higher on 
north-facing slopes (Fig. 2). Differing from afternoon 
and daily maximum temperatures, morning temper
atures were highest on the tops of both slopes. This 
can be explained by two factors. First, in the morning 
much of the valley bottoms and lower slopes are 
still in shadow and therefore much cooler. Second, 
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Figure 1. Gradients of the a3ilymaximum and minimum tern-

ground surface along the valley transect atperatures at the 

different periods of the year. A is at the top of the south-facing 

slope and J at the top of the north-facing slope, 
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Figure 2. Gradients of morning temperature (0800 hours) at 

the ground surface along the valley transect at different periods 

of the year. A is at the top of the south-facing slope and J 

is at the top of the north-facing slope. 

the wind influence does not begin until early after-
noon, explaining why there is no cooling effect on 

the top of the ridges in early morning, 

Afternoon ground surface temperatures were re

versed from those of morning (Fig. 3). Here highest 
occurred on north-facing slopes, but with the 

the afternoon wind, temperaturescooling effect of 
on the tops of slopes were lower than those toward 
the valley bottom. 
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Figure 3. Gradients of afternoon temperature (1600 hours) at 

the ground surface along the valley transect at different periods 

of the year. A is at the top of the south-facing slope and J 

is at the top of the north-facing slope. 

Soil Factors:Soil Profile. Generally, the thickness 
of the A-horizon increased dv;ii ihe slope (Fig. 4). 

we take the A, horizon as being that shallow 
layer, high in organic material, overlying the A. 
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SAMPLING SITES ACROSS VALLEY TRANSECT 

Figure 4. Gradients of depth of soil A-horizon along a valley 

transect. A is at the top of the south-facing slope and J is 

at the top of the north-facing slope. 
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horizon, the thickness of the latter varied from as the valley bottem. Actual lowest i:nd highest values 
shallow as 12 cm at the top of the slope to as much were 0.3 mg/kg and 5 mg/kg, reLpectively. 
as 60 cm at locations lower on the slopes. Generally, Exchangeable soil potassium was extremely vari
the amount of large, weathered, rock-like aggregates able. Values were well below the range of 0.2 to 
(saprolite) was greater in profiles near the top of 0.8 meq/l00 g soil recorded for soils of the same 
slopes andi on ridgetops, but was less toward the series. Until 1970-71 no K was included in the 
valley bottom. fertlizer mix and Desmodium intortum exhibited 

Locations. toward the middle and lower areas of typical K deficiency symptoms. Addition of K in 
the slope, with deeper profiles of higher moisture the fertilizer removed this symptom but at the end 
and mineral content, were more conducive to growth of the 1971 wet season the deficiency appeared again. 
of the more vigorous, fertility-responsive grasses and Potassium was found to increase somewhat further 
legumes. On the other hand, shallow soil profiles down the slope. Mean exchangeable K was 0.06 
on ridgetops, with lower soil moisture and shallower meq/100 g. 
rooting zone, are less conducive to growth of these SoilpH.There was a general decreas, in pH toward 
plants. Species with lower fertility requirements the valley bottom. The mean values were 5.1 and 
were able to survive and compete on the shallow 4.6 on slope tops and the valley bottoms, respectively. 
soils on the ridgetops. Soil Measurements in the Tree Drip Ring. Early 

some legumes,Soil Moisture. There was a soil moisture gradient in the study it was apparent that 
along all valley transects sampled. Soil moisture was notably Glycine wightii, grew luxuriantly in the drip 

rings of dead trees. Special studies were thereforehighest near the valley bottom and lowest on ridge-
tops and upper slopes. This trend was consistent designed to attempt to understand these striking 

and independent of the time of year. The dominant growth patterns. 
factor causing this was undoubtedly the drainage Soil moisture surprisingly decreased near the 

pattern of both surface and ground water clown the trunks of larger, dead trees. Transpiration losses of 

slope. Also, as was seen from soil surface temperature soil moisture through vigorous legume growth which 

and soil profile measurements, the drying influence accumulated around these trees was thought to be 

of wind and tile lower water storage capacity of an explanation. However, on removal of this vegeta
tion and after two years, the same moisture gradienthe shallower surface horizon of profiles tip the slope 

evident. It could be that drainage of soil water probably contributed to these soil water trends, was 
Higher humidity and still conditions at valley bottom was enhanced by root channels, especially those of 

also may ibe a factor in reducing evapotranspiration larger roots originating from the base of the trunk. 

and in maintaining a higher soil moisture content. Total soil nitrogen did not show a gradient as 

Soil nitrogen increased( down the slope, following marked as other soil nutrients measured. The mean 

trends of other important plant growth factors--soil value of 0.5 to 0.6% N was higher than that measured 
may bemoisture and nutrients-and providing conditions along the valley transects. This difference 

more suitable for plant growth and higher soil accounted for by the greater leaf fall and organic 
micr-organism aciviy, Valley bottoms also matter accumulation in the drip ring, as well as 

supported much stronger legume growth which by the vigorous legume growth which resulted with
in the drip rings of larger trees.would enhance the soil N supply, 

Extractable soil phosphorus increased toward the 
Extractable Soil Phosphorus. There was little main trunk. Overall, P was higher inside the drip 

variation in P values along the valley transects. As ring than in transect sites away trom the influence 
would be expected in this soil (Typic Gibbsi-humox) of the trees (12-14 mg P/kg outside; 12-22 mg P/kg 
P levels were quite low (12-14 ppm P). inside the tree drip ring). 

hExchangeable soil calcium generally was higher Exchangeable soil potassium was much higher 
toward the bottom of the slopes. Highest values inside the tree drip rings (0.1-0.15 meq/100 g) than 
recorded were 2 to 3 meq/100 g soil near the valley outside (0.03 meq). Also, K values increased signifi
bottom and the lowest was 0.1 meq/100 g at the cantly toward the trunk. Greater accumulation of 
top of the slope, bark and leaf ash as well as natural leaf drop would 

lHxchangeable soil magnesium increased signifi- result near the trunk. 
cantly down the slope. Near the top of the slopes Exchangeable calcium increased near the trunk. 
mean values were about 0.5 meq/100g soil, whereas There was a great difference again in mean Ca of 
sites on lower slopes had a mean value of 1.5 soil in the drip ring (4-8 meq/100 g) as compared 
ineq/100 g. Highest recorded was 2.8 m.e./100 g, to outside (0.25-0.75 meq/100 g). 
near the valley bottom. Exchangeable magnesium followed the same pat-

Exchangeable soil manganese increased clown the tern as Ca. Values inside the drip ring were 6-10 
slope; the low mean was 1 ppm at top of slopes, meq/100 g as compared to 0.75-1.5 m,'q/100 g 
while the high mean value was 2.5-3 mg/kg tovard outside. 
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RELATIONSHIP BETWEEN SPECIES DISTRIBUTION 
AND ENVIRONMENTAL FACTORS 

Multiple regression analyses were use(l to rank 
order of their importanceenvironmentaI factors in 

in influencing a particular vegetation pattern. 

Not all legumes and grasses studied will be dis-

cussed here. flowever, the distribution of some 
asspecies, both improved pasture species as well 

weeds, vvill he discussed as c qamples of the interac-

tions observed and measure( . 
pastureAfter several years of graz ng, only a few 

Desmodiumplants-Stylosanthes gvanensis, in-

tortinr, and Panicurn maxim urn-were contributing 
were present overa significant amount of forage or 

larger areas of the pasture. Also, some weeds and 

weed associations covered large areas of the pasture. 

These plants, plus a few pasture plants which 

showed unique or noteworthy distribution patterns 

or environmental responses, will be 	discussed. 
Stylo grew pre-

Stylosanthes guyanensis (Stylo). 
tipper slopes wheredominantly on ridgetops and 

were very low (Fig. 5).soil fertility and moisture 

Stylo.I

distributionI 50 


p1-I were the most infiuentialSoil depth and soil 
factors in describing its distribution pattern. With 

and a more favorable an increase in soil depth 
the slope, there was a correnutrient status down 

as a sward component.sponding decrease in stylo 

Desmocium intortum (intortum). Intort um dis
of stylo (Figure 6).tribution was just the reverse 

It grew best and most vigorously on lower slopes 

and in the valley bottoms, but seldom was found 

on tipper slopes or on ridgetops. Environmental 
most effect onfactors which appeared to exert 

intortum distribution were soil surface temperatures 

during spring (February-April), total soil nitrogen. 
and manganese. Soilexchangeable soil calcium, 

valleymoisture status was much higher near the 

bottoms, and this undoubtedly had a strong effect 

intortum growth and distribution.on 
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Figure 5. The distribution of Stylosanthos guyanensis as 
fluenced by environmental factors. 
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Figure 6. The distributionof Desodiumn inirtumas influenced 
by environmental factors. 

I'anioirn inaxim urn var trichoglume (green pa nic). 

distribution of green panic was mucnh like 
of intortu m, with a heavy concentration of the 

ron lower slopes and the valley but loi (lFig. 
green panic and intortum7). The combination of 

provided a competitive harrier to th9e invasion of 

weeds. This desirable balance! occurred only at loca
tions lower down the slopes where co(ndlitioins for 
vigorous growth were more favorable for these imf

proved 	species. Soil moisture, soil nitrogent. and soil 

in-	 manganese reliably explained the pattern of green 
panic distribution. 
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Figure 7. The distribution of Panicum maximum (var. trichog-
fume) as influenced by environmental factors. 

;lycine wigh ii (glycine). Gl ;ine grew best in 

the drip rings of dead trees where it quickly climbed 

to the tree tops and formed dense tent-like canopies 

of luxuriant growth. Glycine is known for its high 

soil fertility requirement anl the tree drip rings were 

found to have significantly higher levels of soil 

nutrients than surrounding areas not affected by 

trees.
 

Although glycine was not often found in early 
it did increase later in valleyvegetation analyses, 

onbottoms. This may be dut, to its ability to grow 
dead trees and to produce and disseminate seed, 

thus increasing the amou nt of glycine in the pastu re, 

[PaspaI[III conjugatInn/Setaria gen iculala. These 
two weedy grasses are frequently found on shallow 

soils of poor fertility, as they were in these hill lands. 

Soil depth and soil mnoisture were found to be most 
important in influencing their distribution. However, 
the shallow soils on which they were found are 
also highly infertile. 

There wasStvlIo/Iaspaltn/SetariaAssociation. 
a strong positive correlation between distribution 
of stylo and the weedy grass associations. Environ-

mental factors most closely associated with the 
distribution pattern of this ridgetop community were 

soil depth, soil magnesium, and soil slope. 

Styjl/ Weed Species Association. The distribu-
ton of Lantana camnra, Melastoma malabathricun, 

Elephantopus mollis, and Slachytarpheta urticaefo-
that of slylo, that is, towardslia generally followed 

NICHOLLS AND PLUNCKNETT 

the tops of the slopes and ridges. On ridgetops, the 
environmental factors which influenced plant 
growth included soil depth, soil p1, and soil mois

lure. Ridgetops-with a high proportion of bare 
an(] lack of vigorous, competitivC forage 

species-provided ideal conditions for invasion by 
Relationships between distribution patterns 

of ir,dividual weed species and environmental fac
tors hlave been discussed previ'usly (Nicholls and 
Plucknett. 1973). 

USEFULNESS OF MULTIPLE REGRESSION 
ANALYSIS IN THESE STUDIES 

need for a system of analysis to extract 
meaningful conclusions from such a mass of data 
is evident. However, the inclusion of so many in

environmental f;i::tors can lead to conclu
sions which over-emphasize individual components 

the expense of other highly correlated parameters. 
By logically manipulating the environmental param
eters, their actual influence on a certain species or 
species association can he better evaluated. Even 
though it was impossible to study the influence of 

all factors of the environment, we were able to extract 
explained a significantgroups of factors which 

portion of the variation in distribution of particular 
species or species community response. 

For the future, the more important environmental 
factors that should be studied in detail include: soil 
nutrient and moisture components, soil pH, soil 
profile characteristics, position on the slope, and 
slope aspect. 
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DISCUSSION 
J. Baylor (Pennsylvania, USA). One of the corn-
meats you made was relatie to seed availability. 
We used seeds that were available in the aama 
Wrect asdses thereloatilsan we hasome 
Project an. a few other locations and we had some 
problems. Tl'here is a need to find some method by 
which we can have netter availability of the tropical 
sees and a more consistent supply. I think that 
the record of the Conference shoull note that if you're
going to use the hill lands in tt~e tropics. you're 

going to have to have availabll- a more consistent 

supply of the species and varieties of tropical le-

this pasture, the kind of legume growth we obtained 
had not been possible in the past. We had had nothing 
but trouble getting pasture legumes into this kind 
of area before, and we had to go to great efforts 
with fertilizer trials and other management steps 

to get legume stands and persistence. In this instance 
we have had no problems with persistence or growth, 
and we have never put ol the heavy levels of fertilizer 
like we thought we had to in the past. I think that 
primarily it was because we got good establishment.
What we hbid been dealing with lbefor.;--lack of 
W ha t ence be e dealing est hl h e nt and o f 

persistence because of poor establishment andp1rb 

gumes and grasses that are needed. Ictus. really related to establishment prob)gume an grasesthatarenee~ed.growth-was 

Plucknett. I agree, but it is not the seed supplier's 
fault. Because of the economic situation, the cattle 
market goes up and people get interested in develop-
ing tropical pastures and then the market goes down 

and interest fad( ;, so there's a cyclical problemprobein
which causes dis'.ocations in the seed industry. We 

n 
need a variety of spet.ies. We cannot rely on only 
one or two; we have too mailv in icrocllimates to 
satisfy. One of the reasons I think we haven't been 

mainycases is that we haven't beensuccessful in 

able to get the right seed in the right place. 


C. Roberts (New South Wales, Australia). I would 
appeal to everybody who's interesteI in dIevelo)in,,, 
a project of this kind to try to let the seed suppliers 
know as far as possible in advance because every 
year there are large quantities of this seed going 

to waste in Australia. They're not harvested because 
we can't forecast demand and it's too expensive to 
hold just in the hope, because it will deteriorate 
in storage. If you (can give us six months notice 
of your requirements, we would be able to make 
sure that we would meet your full requirements with 
the best possible price. If you come in at the last 
minute, you're likely to get second-rate seed at the 
highest possible price, or possibly no seed at all. 

As an illustration of the dangers of generalizing, 
which unfortunately is recessary in the short time 
available, I mentioned the advantages of early graz-
ing, and this is entirely a matter of the species you're 
using. Don w,as using green panic, which is a very 
easy grass to manage-it's not very aggressive 
whereas the example Igave the other day was Setaria, 
which is most aggressive-a tall-growing, fast-grow-
ing species. Early grazing is important in that case. 
In Don's case it wasn't important-it was much more 
important to let the legumes smother the weeds. 
This is the whole art of managing these things, where 
you've got these complex mixtures, to understand 
the growth characteristics of the species you're using 
and adjust your management practices according to 
the species. 

Plucknett. I agree. One comment that I should have 
made in the paper: In the area where we established 

Baylor. The comments I made were in defense of 
the seedlmen's position and not in criticism of them. 
A. Tanis (tHaiti). As to the question 

know that research is very expensive 
appreciate it if we could increase the 
scientific information letween areas 
climatic condition is almost the same. 
clmti olit iis almo
help to sole this prolem. 

of available 

and I would 
exchange of 

where the 
That would 

Plucknett. Iagree. One of the things I pushed when 
I was working with AID was to try to get a soil 
tclassification for alt of the major research stations 
in the tropics. If experimental stations were classified 
under one soil classification system, then we could 
see if we could make any co fl-ations based on that. 

,e talk about agro-clinatic z0mPs or ecological 

analogs: this would help us to find then;. We could 
start that way by having the major research stations 
in the tropics compare soil classification (lone under 

system. I agree. we need to ex'hin''( infoi
tion. 

H. Massey (Kentucky, USA). Iwas interested in your 
tree ring effect( and the nutrient recycling that it 
implied. tlave you thought about the longterm im
plications of this? Do you think that some of these 
perennial legumes will do this same sort of recycling 
or that perhaps your idea of leaving half or so of 
the area in trees might be good over the long-run 
provided you switch black and forth and later kill 
out an area of trees and use that? 

Plucknett. I think that there's no quest ion that sonie 
of these deeper-rooting species are going to (10 some 
nutrient recycling. These lands, even though they 
are infertile in the surface soil, do have more bases 
at depth and it's obvious that a deep-rooted species 
can bring these up with time. Ithink that the cluestion 
of the role of trees is a very good one. It has been 
my experience that we have over-cleared forest lands 
in the tropics in many situations. As a matter of 
fact, I could show you one area where two ranches 

adjacent on the Island of Hawaii have over-cleared
one cleared almost entirely and the other cleared 
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to the point where they had 40 or so trees to the or encourage the growth of certain trees that cycle 
hectare, and the difference in precipitation is nearly more nutrients than others. I'm certainly against 
a thousand mm. The one with trees actually gets heavy clearing of many tropical areas until we have 
more, much more, precipitation than the one without a better understanding of what the impart will be. 
trees although they are adjacent properties in the Many small farmers in the tropics leave tre species 
same areas. This is water harvesting from fog drip, in their fields. Sometimes they do this hectse they 
I think the same is true in nutrient recycling. I'm are trying to mimic the rain forest. I think there 
not at all sure that we aren't over-clearing the tropics is a lot of sense in mimicking the rain forest, 
and I think we probably ought to leave more trees particularly in the infertile areas. 

83. 
Understanding Hill Land Ecology in New Zealand 
As a Basis for Management 
K. F. O'Conner 
Tussock Grasslands and Mountain Lands Institute, Lincoln College, Canterbury, New Zealand 

THE EVOLUTION BY FIRE OF THE Sown Grassland Under Closer Settlement 
GRASSLAND ESTATE Some of this land, especially on the Cantebury 

The hill lands (f New Zealand, extending from Plains, was converted to arable farming late in the 
sea level to more than 2000 m in middle latitudes, 19th century. Much of it in eastern parts of both 
form the largest component of the pastorally used islands was converted to more intensive livestock 
land of the country. In the North Island they have farming with closer settlement over the same period. 
been induced in the last hundred years from ever- All such closely settled land, whether directly 
green forest, principally below 700 m, or from seral cleared from forest or deforested earlier in Polynesian 
communities of scrub and fern succeeding volcanic times, carne under the infiuence of the aew 
ash showers. This process of conversion of "bush phosphatic fertilizer technology, slowly at first from 
into grass" has been the ecologic and economic 1910. For another 30 years from that date, hill coun
mainspring of European civilization in New Zealand. try had little share in the increasing national ap-
In the South Island, however, the "bush into grass" plication of superphosphate on pastures. Recovery 
process has been less extensive. Instead, pastoral of woody plants on land recently deforested had 
use in the last 120 years has taken over tussock to be foughliflWs'teel slasher and livestock. Pastures 
grasslands, shruhlands, ardlherbfields that occupied decreased in vigor and density as soil fertility from 
the mountains above natural timberline, as well as the ashes of forest fires declined. As tree and shrub 
the more extensive tussock grasslands in lowland, root nets decayed and swards deteriorated, slope 
montane, and lower sub-alpine zones that succeeded instability became common. As technology was de
the destruction of forest and shrublands in early veloped for aerial application of fertilizer from the 
Polynesian times, generally 1000 to 700 years ago. late 1940's, the deterioration of all but the worst 

Most grasslands in New Zealand have, therefore, terrain was arrested. As is illustrated in the papers 
been derived from forest or open shrublands. Most of Brougham, Suckling, and Hight in these Proceed
of the grasslands in the moist and milder zones have ings, high levels of production are often now being 
been mad(e by European man by felling and burning achieved. 
forest and by grass sowing, principally for close 
setlement during the fifty years from 1870. In the The "Native' Country in Extensive Pastoral Use 
zones subject to severe drought or to more severe While most hill grasslands had gone the way of 

winters, an already deforested landscape of tussock closer settlement, approximately five million hec

grasses, scrub, phormium, and open parkland was tares remained in extensive pastoral occupation, 
burnt from the 1850's for ease of passage andi was principally as tussock grasslands. Three million ha 
quickly occupied in extensive sheep or cattle runs. constituted the pastoral "high country" in regions 
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subject to snow where some 300 pastoral "runs" 
traditionally produced fine wool from public lands 
leased solely for that purpose. Some two million 
ha constituted the "native hill country." principally 
tussock grasslands but including also danthoniali 
tufted sward grasslands, fernlands, and shruhlands, 

generally in zones of lower snow risk in easit ern 
of 	 both islands. This land has Iraditionallyparts 

produced both wool and "store-condition" sheep 

and, often, cattle. It has been farmed somewhat less 

extensively than the "high country and has been 
held is farmland under renewable leIase or as free-

hold. 
Fertilizer technology was not widely introduced 

to any of this 'native' hill and high country until 
the 1950's. Hitherto. its ma nagement had been Iy 
periodic burning, initially is frequently as one in 
three years, generally less frecltn tIy by the 1940's 
and comparatively rarely in the last two decades. 
Grazing had been Seasonal set stocking with minimal 
herding within natural or f'oe'd boundaries on 
blocks of several hundreds or even thousandS of 
ha. Carrying capacities were one sheep per ha on 
the best of the foothill runs. one sheep to two ha 
in the better high country, one sheep to five hit 
on the rougher, steep high country of the mountain 
gorges. Legummes were few, spit rse, and unproductive. 
Although exotic gra ;ses had become established up 
to about 1 000 m altitude among till, tussou;ks, leph-
tion wits conspicuous iii the hight ZOlieS and in 
the driest zones at low altitude. Erosion by frost 
action or needle ice was widespread on depleted 
ground in the uplands with spt:taciular slope and 
channel instalbility in those mountains formed of 
greywacke and argillite. In the driest zones at lower 
altitudes, vegetation depletion had been followed 
by wind erosion with locally prominent rilling and 
gullying. 

Convergence and Divergence in 
Cultural Evolution ncomplex 

This summary of the historical evol ution of New 
Zealand grassland systems indicates some common 
elements of forest origins hut also some variety in 
the history of deforestation an(l some geographic 
differen:es in settlement pattern and pastoral re-
sources. Also evident are common threads of hill 
pasture decline bUt some variety in stage of deterio
ration reached in regard to carrying capacity and 
system stability. Last (,f all, there are common ele-
ments in the pattern of rebuilding and a great 
variation in level of achievement in what is here 
called "the grassland development transition," the 
cultural transition from grasslands of low produc-
tivity and often poor soil fertility to grasslands of 
high productivity and soils of high fertility, 

ECOLOGY AFFECTING CHOICE AMONG 
MANAGEMENT OPTIONS 

Other papers in these Procveedings describe how 
grassland has been inproved on hill country in 

Zealand. My intention is tovarious parts of New 
illustrate the interaction of four cardinal ecologic 

hill land pasture systems asrelationships in these 
they have evolved, showing the varying significance 
of each to the principal management options which 
seem open. These options for management seein to 
me to he: 

1. 
(a) 	 to abandon pastoral farming in favor of some 

other use or no use at all or 
(h) 	 to combine pastoral farming with some other 

use or 
(c) 	 to continue pastoral farming as an exclusive 

or at least dominant use; 

2. 
If pastoral farming is to he continued in s tue 

way, then: 
(a) 	 to manage the existing grassland resources or 
(b) 	to develop the existing grassland resources; 
3. 
If grassland resources are to be developed, the 

develoment is to be: 
(a) 	with what principles ancl practices? and 

(h) 	to what level of achievement? and 

( 	 to fulfill what poliry? 
My thesis is, therefore, that understanding hill 

land ecology helps explain the behavior of these 
grasslands under pastoral use and helps guide future 
management. [fill land ecology is not seen irs a 
narrow and perhaps elegant conceit of soil, plants, 
and animals but its the science of understanding 
hill land use systems which include mlan as aniager. 

They are not closed systems but are linked in 
ways with other agrobiosystenis. 

In my illustrations I shall refer principally to the 
tussock grasslands of New Zealand where, for the 
last 20 years. I have been able to study the recapilti
lation of the whole history of New Zealand hill Iaods 
which I summarized at the on tset. I shall deal with 
salient interactions among four ecolo, i(;regimes ill 
hill lands: those involving energy, water, minerals, 
and animal behaviouir. 

Energy Regimes and Their Implications for 
Management 

Primary productivity in New Zealand hill country 
is favored by generally sati,.factory solar radiation. 
As shown by Coulter (1975), average incoming solar 
radiation at the surface varies little with latitude 
in mid-summer, reaching a maximum in excess of 
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500 ly/day for December in northern and eastern and shady aspects, with marked betwoen-aspect
 
coastal districts of the North land and in some differences in microclimates of the pastorally modi
inland areas of the South Island. In mid-winter, fied communities.
 
incoming radiation ranges from below 100 ly/day In his review of the ecology of snow tussocks,
 

in the extreme south to more than 200 ly/day the characteristic grasses of the mountain grass.:nds 

in ithe extreme north. Net radiation has been little of New Zealand, Mark (1969) indicated the relatively 

studiel but clearly varies much more than incoming harsh environments throughout a five- to eight

radialion. In humid, improved grasslands reflectivity month growing season in the mountain zones. He 
areas, noted the slow growth rates of tussocks, their lowmay be 20-30)%. In dirier tussock grassland 

it may be 30-401%,, (Coulter, 1975). Altitude and productivity, and the persistence of green leaves 

aspect have significant effects on radiation regimes. through two or more growing seasons despite the 

Bliss and Mark (1974) have showo that daily average often frequent frosts and snowfalls. In later studies 
ly/day in with tillers of three species ,AfChiohochloa in conincoming radiation may approach 600 

summer at nearly 1400 m on the rolling summi trolled environments. Mark (1975) confirmed the low 

Rock and Pillar Range, Central Otago, at latitude net assimilation rate of Chionochloa tussocks indi
(1966, 1970), rates450 S. Frequent frosts throughout the season lower 	 cated by Scott and associates 

high relief generally only a fraction of those determined fornet radiation. Steelp topography and 
through much of the New Zealand hills and moun- herbs of sunny temperate habit ,ts and generally 

tains result in marked differences in radiation be- substantially less thar, most arctic and alpine species 

tween northerii sunny aspects andi southern shady for which net a',inmilation rates were known. Mark 
examined other features of the physiological strategyaspects. 
of these tissock species, revealing that, unhardened,Temlperatures are greatly affected by altitude. Most 


of the cimatalogic stations, like the people but unlike they could a:imilate at freezing point and -5' C,
 
incapable of responding to evenIhe hill landscapes, are situated below 500 m above 	 bht that they were 

optimum tern peirature after nightly frosts for two sea lc'el. Intermounta in basins show much greater 
seasonal range and mean daily range betvveen maxi- mon:hs. In contrast, their immediate response to 

more favorable temperature as not affected by a singlemum ia d miniintim than d, coastal pla,:es (Coulter, 
1975; ()'Connor, 1976a). Hligher elevations are char-	 below-I reezing treatment lasting five hours. The 

evidence seems conclusive that such subalpine and
acterized by low maxima in winter but low minima 

alpine species as Mark studied are well 2dapted withpersist throughout the year. Perhaps because of the 
insular macrocina te, insolation greatly affects air their evergreen habit and low energy demands to 

environments where a balmy day of
teiiperatore close to the ground. Marked aspect 	 cool, windy 

sumner may be followed by bleak su-antartic
differences ocGclr in tenperature between sunny and 
shady slopes (Archer, -1969). At lover altitudes these weather, typical for island moountains in the southern 

(1967), in studies aspect differences may be especially marked in soil 	 seas. O'Connor and Lambrechtsen 
with exotic grasses, likewise demionsirated that "in

in early spring (Radcliffe e. al., 1976). but, as at 
termediate" varieties were superior to both winter

higher altitudes (Archer aidt Collett, 1970), they may 
In Ihe dry dormant and winter-active varieties in revegetationbe evi dent through the growing season. 

Centil Oago region the upper slopes and rolling of a sub-alpine site, just as they were found to be 

Iops of the schist block mountains receive consider- for pasture improvement at lower altitudes. 
and topography ofably inore pr';:ilpitation than the 300-500 mm aii- Clearly, the effects of relief 

the kind of soil
nually of the intermountain basins (Mark, 1965a). hill lands on energy regimes affect 

Similar but less striking trends of increasing precipi- and vegetation we have and the kinds of vegetation 
seek as management objectives. Tolerancetat ion with altitude are found in tie moister moun-	 we must 

rains to the north. of changeable weather is an essential plant attribute 

These Iaroirfonl effects on energy ,eginies an] their for New Zealand hill lands. The same edaphic and 
climatic selection and adaptation process that hasinteraction with hydrologic regimes at different alti-

tudes, coupled with the genera, windiness of the apparently functioned in the differentiation and 

country and the intensive funnelling of winds in- evolution of the genus Chionochloa is confidently 

duce(l by mountainos terrain, influence vegetation expected to furnish New Zealand ecotypes of exotic 

(Mark, 1965a, 1969). In the lower hill country, grasses and legunes for primary revegetation work 

('1971), White et A. (1972) and Radcliffe with complete fertilizers (Dunbar, 1970, 1974; Rit-Radcliffe 
et ad. (1976) indicate the effect of aspect on pasture chie, 1972; Davis, 1975; Nordmeyer and Davis, 

beginning 1976). This may lead to greater efficiency in fertilizeravailability, with pasture growth often 
earlier in spring anid ceasing more abruptly in sum- use in furture pastures as land scars are healed. It 

iner on the exposed northwestern slopes. In the may alternatively lead to the reinvasion of slower
growing native herbs andi alpine shrubs (Dunbar et

higher mountains, Archer and Collett (1970) have 
on sunny al., 1977) in a restored protective mantle.indicated distinctive plant communities 
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Implications of Geochemical and Animal Grazing 
Regimes 

Rece;nt research (Williams et al., 1977a) demon-
species arestrates that Chionochloa snow tussock 

in different ways to geochemicalalso well adapted 
regimes. Table I shows that the three principal snow 

pastoral country aretussocks of the South Island 
differently related in shoot phosphorus yields to 
(ifferent soil P fractions determined in tht modified 
Chang and ackson procedures. C. fhavescens "east 

ern Canterbury form" is Ibest adapted to young soils 
inwhich calcium bound P (11.,) is characteristically 
abundant and from which P(., disappei's compara-
ively rapidly with pedogenesis (Walkcrdefoliation 

1976). C. macra is associated with older soils and 
its P yield is correlated best with surface bound 
aluminum P (P.,). C. rigida is not confined to older 

shoot is correlated w'ithsoils but its P yield per 
P., and P,, rather than with PC. O'Conner el a. 
.7 i theptha wit P i aon

(1972) point out the parallel thiat exists in]:daptat ion 

of exotic grasses and its implications for pasture 

developiment. 

TABLE 1. Partial correlation coefficients between 

weight of phosphorus in shoots of three 
Chioncichloa species from South Island and soil 

Chionohloaipecesor SuIslacn s ol 

inorganic phosphorus fractions 

species Altitude Ca-P F-P Al-11 FeP 

C. al'iescens 0.55 0.150t -0.295 0.319 0.385 

C. rigida 0.202 -0.170 0.540 0.606 0.508 
C. macro -0.247 0.247 0.460 0.801t' 0,612' 

Adapted from Williams etaL., 1955 

Other soil adaptations may have greatly influenced 
the fate which tussocks have suffered in the course 
of pastoral use. It has been widely observed (Connor 
et al., 1970) that tall tus3ocks, although generally 
not highly palatable to livestock and of poor nutritive 
value (MacRae and O'Connor, 1970), vary between 
s.e.ies and between sites in their acceptability to 
stock. In recent years topdressing with superphos-
phate or with gypsum or elemental sulphur has been 
observed to increase the acceptability to sheep and 
cattle of Chionochloa rigida and Festuca novae 
zelandiae tussocks as well as adventive grasses and 
other herbs. C. rigida has been found to have the 
lowest S concentrations in both green blade, and 
sheaths of the tall tussock species in South Island 
pastoral country. For both this species and C. macra, 
green blade S concentration is correlated with sul-
phate S extracted from topsoil on a volume basis 
(Williams et a.'., 1977b). Sulphur is an endemic 
deficiency in South Island pastoral country because 
of low atmospheric returns. The possibility remains 

that tall tussocks, especially C. nracra and possibly 
C. rubra, have been preferentially grazed where they 

were better supplied with soil S. 

There can be little question that the tall tussock 

grasslands hve been greatly reduced in area as a 

consequence of fire anfgrazing, especially on sunny 

are preferred by sheep. Ironically,slopes which 
cattle, which have been promote( by soil conserva
lion interests in recent years to obviate the need 
for burning, are now on some sites accomplishing 

the elimination of tall tussocks which a century of 
fire and sheep grazing failed do o estall sk 
are adversely affected bydefoliation, especially se

(O'Connor, 1963 
Oon an l Poel 1t Mar b, annu). 
On an allvial soil at 700 m in Canterbury, annual'"drymatterleaf production of C. rigi:laexceeds 50mi 

a total standing crop of 38 MT/ha (Williams,with 
1977). C. inacra at 1000 m in Canterbury has annual 
leaf production of 33 gin and a total standing crop
of 16 MTr/ha (Williams, 1977). For many dlecadIes 

as ecaesof /a (Willas were For 

such tall tussock grasslands were burnt as frequently 
as every three years in ar, effort to transform them 
Itoshort tussock or sward grasslands. As Connor 

showed for the Makenzie country, short(1964) 
gra s howe r the often z i e o f or e 

grasslands were induced often to altitudes of mnure 
than 1000 m. In Central Otago the relict C. macra 
stands at altitudes often in excess of 1500 Inbetray 

Poa colensoi grassnow depletedthe origins of the 
lands or cushion and herbfield communities such 

-

as were calculated by Bliss and Mark (1974) to Iro 
duce 126 to 255 g/m 2 annually net above ground. 
The pastoral utility of such cushion communities 
is extremely low, perhaps lower than that of C. nmacra 
community from which they were derived, probalhly 

within the first few decades of pastoral occupation. 
Reductions in primary productivity of hill lands 

in the drier zones of Otago that have apparently 
occurred as a consequence of depletion are repre
sented graphically in Figure 1(a) and (b). It is to 
be noted that higher altitude and lowest altitude 
zones have been most affected, the lower altitudes 
especially on sunny aspects, the traditional winter 
range. The low pastoral carrying capacity of the 
upland summer range would not seem to justify 
its continued pastoral use in its present condition 
except perhaps in rare cases of feed emergency. The 
possibility of improved water relations at the site, 
or even downstream, as a consequence of greater 
fog interception by tall grass and greater throughflow 
(Rowley, 1970) is an added argument for rest from 
grazing. 

Yet the causes of overgrazing and of the continuerd 
pastoral use of such upland sites seem to lie not 
just in an earlier overestimate of their potential 
sustained yield but in reduction of resources in 
another lowland or montane ecosystem. Alienation 
of lowlands from pastoral enterprises or degradation 
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Figure 1. Estimates of total annual herbage production in relation to altitude and aspect in the semi-arid Otago region, New
 
Zealand: (a) pre-European: (b) after pastoral depletion; (c) assuming plant introduction and soil fertility amendment; (d) assuming
 
correction of moisture deficiencies as well as (c) above. 

of winter range by drought and rabbits may have 
forced pastoralists to safeguard their remaining win-
ler- feed resources by overexploiting the summer 
range on the uplands. The remedy for the uplands 
appears tt) depend on development of new summer 
pastures Iy oversowing and topdressing of mid-alti-

ludeslopes and developing often irrigated lowlands 
for hay meadows and winter feed crops. The potential 
for this kind of development is illustrated in Figure 
1(c) and (d) vilh progressive removal of soil fertility 
limitations for legume growth and the correction 
of water deficits hy irrigation wherever feasible. The 
theoretical marginal returns from legume oversow-
ing an(d topdressing on the mid-altitude slopes are 
high (Leamy e, al., 1972, 1974) for their deficiency 
in Central Otago is princil)ally S (Ludecke, 1962). 

Experience indicates that to achieve the potential 
indicated there is need for much more intensive 
livestock management (Hughes, 1974). Furthermore, 
some development of winter feed resources is essen
tial, even at high cost, if mid-slopes are to be 
improved and adequately stocked (O'Connor, 1975: 
Cossens, 1975). 
Interaction of Energy, Water, Geochemical, and 
Grazin of egim e 

Grazing Animal Regimes 
Somewhat different illustrations of pastoral deple

tion and of pastoral restoration through the grassland 
development transition could be drawn for sub
humid and humid zones of the South Island hill 
lands as for the Central Otago semi-arid zone. In 
the sub-humid Mackenzie Country in the Waitaki 
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(O'Connor, 1976a), work is currently being devel-

opedias New Zealand's contribution to the UNESCO 
Man and the Biosphere Program to clarify and 

quantify these relationships. In that region all four 

of the regimes I have considered interact to present 

a major c:,, eng in resource management for the 

immediate future of hill lands. 
First, the region has outstanding radliat i(on rgimes, 

together with high potential evapotranspirat ion 

(Coulter, 1975). When moisture is not limiting and 

gross nutrient deficiencies have been corrected for 
well in excess of 1:legumes, yields of herbage 


MT/ha of (dry matter have been experimentally 

measured from better soils (O'Connor. 1966: McLeod. 

1974; Scott et A., 1975). 


Second, variatior, is large in annual yields of 

clover-oversown and topdressed short tussock grass-

lands in this sub-humid region. At individual sites 
was fromthe range of annual yields of dry matter 

2 to 15 MT/ha, 2 to 9 NIT/ha, 6 to 17 MT/ iha in 

five years (O'Conner ei al.. l 6111 and from 4 to 13 

MT/ha in three years. and in the adjaent Rangitata 

2.5 to 17 MT'/ha in five years Mcl.eod. 1974). 
O'Connerehal. (1968)denmonstrted a highly signifi-
cant correlation (r=0.83 )lbetweenannualherbage 
yield and rainfall in the spring months. Septeml)er 
to November inclusive. Such spring precipitation 
in inland basins shows high variability .. >40"',) 

(O'Connor, 1976a). Without irrigation. the Macken-

zie Basin will be highly erratic in impro%ed pasture 
production. With irrigatiio. such paistlres on good 

soils would be highly productive (Scott ot a).. 1975). 
Third, O'Connor and Clif. ord (1966) demnonstrated 

substantial improvement in fertilizer efficiency from 

the periodic hard grazing of c:lover-oversown and 

topdressed tussock grasslands, in comparison with 

periodic lax grazing. This improvement was attri-
buted by O'Connor (1966) to acceleration (if the mass 
flow of cyclic nitrogen. As was pointed IOut by 

Suckling (1959), herbage production in stock camp 
areas may be increasel at much greater rate than 

The risk of nutrientthat of hillside grazing areas. 
wastage in such stock-congregating systems is real 

(Gillingham and During, 1973). 
Mob stocking may avert such a costly waste by 

promoting dispersed "camping" behavior of the 
animals within the stocked paddock. but it has not 

yet been proved in large-scale tussock grassland 
as it may, in no way can pastora-situations. Be that 

lists be expected to increase flocks to provide good 

grazing management of oversown tussock in both 

lean and fat years without some reliable alternative 
feed supply for droughty seasons. Clearly the eco-

nomics of iand retirement for water and soil conserv-
ation in high-altitude zones and of irrigation in the 

eco-intermountain basins must take account of the 
logy and economy of mineral cycling through the 

improved hill pasture and the grazing animal. So,s
tainedl research in animal behavior, including diet 

selection (Hughes, 1975) and in mineral composition 
of herbage components and blood plasnma (Grace 

and Scott, 1975), is expected to assist such under

standing. 
ON ADJUSTMENT TO THE IMPERFECT 

I have elsewhere (O'Connor, 1973,1974) attempted 
sheet of ou' New Zealandan ecologic balance 

of Newstewardship. In summary, half the land area 
Zealand is occupied by life systems which are either 

ecologically or culturally stable and half hy systems 

which remain unstable. So far as cleared hill lands 

are concerned, geophysics and geochemistry, rather 

than climate, govern their prospects for the future. 

If mineral deficiencies are corrected, soils of the 

lowland hill country can be highly producti'(e in 

pasture. Adequately topdressed soils of Ihe sub
andtihumid montane zones extending fromhumid 

about 30}0) to 1011(1 i (:an support legume-based 
pastures of high l)roluctivity. In spring, summer, 

and earlv autumn, average pasture growth rates are 

in no way inferior to those achieved in lowland 
situations in milder parts of New Zealand. The 

sub-alpine and ilpine soils ciaii now be rested and 
healed where they are in neefd of such. 

The influence of altitude is seen in elongation 
of winter dormancy. This has little effect on total 

annual herbage produc:tion in the montane zone but 

may profoundly affect the comparative economy of 

pastoral use. Ability of livestock to winter outdoors 
is not gravely affected but the New Zealand farmer's 

traditional reliance on autuirin-savedl pasture an( 

on the few kg/ ha/day of cool season pasture growth 

is seriously reduced losil energy subsidies in 

haymaking and other winter feed piovision are at 

present large ancd apparently unavoidable. Building 
animal conl ition for winter may warranlt greater 

haystacks orattention in the future than building 

silos.
 

The world is busy turning over its ecologic (co

science and not before time. (uthrie-Smith, New 
Zealand's doyen" of naturalists for many years, and 

a hill country sheep farmer of very considerable 
ecologic insight, raised his own doubts in the preface 
to the third edit ion of Tutira written shortly before 

his death in '1940. "[tave I then for sixty years 

desecrated God's earth and dubbed it improvement? 
Such are the melancholy musings that perplex a 
sheep farmer in concern for his soul." 

Mistakes were made in the clearaince and settle
ment of New Zealand hill lands. Many of these 

mistakes have not yet been corrected. Some may 

never be. A realer of Samuel Butler's ironical essay 
on early lays in the Canterbury settlement, written 
more than a century ago, may discern that such 
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mistakes were made by judging too readily from 
appearances. As I have sulggested in a recent essay 
on the condition of the mountains (O'Connor, 1976b), 
we display atsimilar propensity to judge from ap-

rom ourwe 	 slays.he mytha rhat wrens ntint ude ell 

selves are made the substitoute for understanding. 
Welmy (,(!I prefer a precise answer for a part 

of our problem to a true understandling of what our 
problems are. Our genius for isolating the problems 
we intend to study from the complex an(d varied 
hill land use systems in which they are, mLIst surely 
Ibe shadowed by the ghost of the economist who 
warned that everything was con necte(l to everything 
(!Is(! and there is no such thing as a free lunch. 
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DISCUSSION 

J. Munro (Wales). I think we all must alree that 
the land Kevin has been talking about is one! of 
the most beautiful hill ecosystems in the world and 
also one of the most fragile. Obviously, its survival 
in the future is very critical indeed. 

G. C. Anderson (West Virginia, USA). Your illustra
tions of the degradation of Canterbury high-country 
grasslands were followed hy a slide showing a stealy 
decline in the nunher of sheevp in that Country from 
1900 to 1950. except for a piltial recovery during 
the ;'tm Depression oif the 1930's. You t.deIllo 
mention of cattle in this situation. I understand there 
has been sotne intleiase in cattle its sheep ntllllbes 

have also increase( in ret:ettl l'ars. Were ciatile 
involved] in the part of the island you (lescrihted? 
O'Connor. [Until 196(0, the only zones uif the hssock 
grasslands that citrried ':attlu ill any numnlbers were 

the runs in the glaciated valleys of the hutmid zone 
whererot.they werv an integral partof management 
and prohalfly remained fairly static in nUllbiers. We 
lack detailed ptr ton catle statistics before . 

From about 1960, when cattle were promo.ted to 

reduce the leed for burtling and when world hef 
market prospe(:ts we re good, cattle numbers in
creased suLtstauti,ly, For the six-vir period frot 
1966. cattle nlutnribtrs increiased hy 102'!,, in the high 
country its i whole, by 135";, in the Canterlhury 
sub-humid zrtle, and by 71', in the Canterlury
humid zone fror it larger breeding base. In the same 
period, sheep nulbers in(;reased by 9%, 15 '!. and 
zero, respectively. Mt~re recettly as cattle market 

r, 
prospects have d clined, itcrea ses in stock units 
witlh continued pisture ilprovttnletlt tenll to he ilS 
sheep. The overall ann uali rati of intcreiase 19663-72 
in calculated stock units in the South Island high 

country was 3.5%. 
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Energetic Efficiency of Animal Production in
 
Hill Environments 
J. T. Reid and 0. D. White 
Cornell University, Ithaca, New York, USA 

Very little direct data concerned with the energetic 
efficiency of animals in hill environments exists, 
Thus, efficiency coefficients must be synthesized 
indirectly from values determined tnder appropriate 
arrays of controlled experimental conditions. Based 
on the transposition of data obtained under such 
conditions, it is expected that a wide range of 
efficiency exists because of the great range of hill 
conditions to which animals are exposed, e.g.. 
various levels of altitude, temperature, solar radia-
lion, slope, moisture and soil nutrients: various kinds 
and amounts of vegetation: and var'ious degrees of 
climatic and plhysical rigors on animals. 

Dati, such as those of the Meat and Livestock 
Commission (1973), provide a starting base for pro-
je(:ting comparative efficien(cies under various pro-
duction situations. For example, in Britain the 
average nuibr of Iambs pro(luced per ha in 1972, 
under several conditions, were as follows: 10, upland 
flocks; 11, extensive lowland grizing; 13.6, lowland 
flocks on arable land: and 17, intensive grassland 
flocks. These (lata infer that the etficiency of sheep 
l)roluction on hill land might be increased by 
improving the swardI, iniru.asing the stocking rate 
and laiing plr;ntag e, Sil)phll ental feeding. ani 
imnproiving the environnment at critical linies. 

In the context of hill land e;osystems, it will be 
assumed in this paper that the major alternative use 
of Iaiid includes ruminant and forage or browse 
product ion. Although the energeti.: efficiency of 
ruminants unnher a range of conditions will be 
emphasized here, examples of the efficieincy of other 
aniriials will he cited to establish tillposition of 
ruminants iinthe ererget ic-efficiency hierarchy. 
Also, special attention Vill Ie given to the dietary 
and fossil energy requirenients of protein prodtctiori 

rtimi niais unrider iinsiye a nd exteinsivye coii-
lions. 


ENERGETIC EFFICIENCY OF CONFINED, 
HAND-FED ANIMALS 

Inter-specific Peculiarities of Animals 
Ai exainlin.itnio if Ihe crnpa rative efficiency of 

animals is conllicated by differences between kinds 
of aninials iintheir: (ii) gastrointestinal architecture, 
(I) nalure of tlie predmnoinant digestive agents, (c) 
location of Ilie (igestive agents, and (d) major sites 

of digestion and absorption. These characteristics 
correspondingly determine: (a) the chemical and 
physical nature of an animal's normal or usual diet, 
(b)the rate of digestion and of ingestal passage, 
and (c) the chemical nature of the absorbed products 
of digestion. Other distinguishing features of the 
physiological machinery are correlated with a spe
cific combination( of these characteristics, and they 
are peculiar to a given kind of animal. On the bastk; 
of their differentiating characteristics, animals may 
be classified in one of the following groups: (a) 
simple-gutted animals (SGA), including man, rat, 
pig, (log, anti :hicken: (b)non-ruminant herbivores 
(NRI-l) including the rabbit, guinea pig, and horse: 
and (c) ruminants, including sheep, goat, cow, water 
buffalo, deer, alpaca, wildebeest, and many others 
(Reid, 1974). Many of the digestive and metabolic 
characteristics and the efficiency of energy utiliza
tion are similar for the animals in a,given classifica
t ion group. 

In this section, the efficiency with which dietary 
energy is utilized to support individual body func
tions concerned with food production during the 
production period wVill be considered briefly. This 
will be accomplished by examining: (a) the partition 
of digestive and urinary losses of dietary energy, 
the residue of which yields metabolizable energy 
(ME), and (h) the utilization of ME by various kinds 
of animals to yield food products. The nature of 
this kind of treatment reflects the energy cost of 
food production during only the immediate produc
lion period and does not include the overhead energy 
costs such as those of rearing and maintaining the 
breeding stock or of reproductive and mortality 
losses incurred in the production process. 

Partition of Energy Losses in Feces, Digestive 
Gases, and Urine 

A spectrum of the partition of dietary gross energy 
(i.e., heat of combustion of the diet) by the animals 
of the three gastrointestinal groups is shown in Table 
1. Within groups, the magnitude of the energy losses 
as digestive gases (chiefly CIA4 ), feces, and urine 
depends greatly on the nutritional quality of the 
diet. The values shown in Table 1 reflect the range 
in the quality of diets and in the environmental 
conditions to which animals sometimes are exposed. 
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TABLE 1. Partition of dietary energy by various 

kinds of animals 


Non-ruminant 

Energy Simple-guited 
in: Animals (SGA)' 

Gases 0-0.5 
Feces 2-40 
Urine 1-3 

Metabolizable 5 
Energy 56-97 IB0M" 

"SGA = man, rat, pig. chicken. 

IHerbivores 
(NMH)" Ruminants' 

27 
10-70 

3-5 

5-12 
10-60 

3-5 

18-115(70) 23-82_(_0) 

tNRIt = rabbit, guinea pig, horse. 

'Ruminant = sheep. cattle, 

'Values under good commercial practice. 


However, the higher rates of energy waestage are 
either rare, periodic, representative of one poor-
quality feedstuff, or uneconomical in practice. Con-
versely, the lower rates of loss are representative 
of those associated with the most effective dlietz,. 
The dietary gross energy, minus the sum of the 
energy losses as digestive gases, feces, and urine, 
is the ME. 

In Table 1, the ME values in parentheses represent 
those of productive diets such as are provided in 
commercial practice in the USA. These values reflect 

the decided difference in the metabolizability of 

energy among the animals of the SGA. NRH, and 

ruminant groups. Also, differences exist between 

some of the animals within a given group. For 

example, when the same diets were ingested, the 

dietary energy lost in the feces was greater: by Bos 
taurus than by Bos bubalis (Johnson, 1966): by sheep 
than by hartebeest and duiker (Arman and Hopcraft, 
1975);hy Thomson's gazelle and eland than by sheep 

(Arman and Hopcraft, 1975); by sheep than by llama 
byand guanaco (Hintz et a., 1973): by sheep than 

alpaca (Fernandez Baca, 1966); and by red deer than 

by sheep (Maloiv and Kay, 1971). In most of these 
comparisons, the differences in digestibility were 

those between water buffalo ar:d
small; however, 

cattle and between the camelidae and sheep were
 

quite marked.
 

The magnitude of the fecal energy loss by rumi-

nants as shown in Table I does not reflect that which 

occurs under some hill conditions. For example, 
Munro et a]. (1973) observed that the digestible 

organic matter of Nardus and Molinia declines from 

55 to 35% and from 50 to 15%, respectively, from 

July to the end of November. Thus, the fecal energy 

loss in November would be approximately 65 and 

85% of the energy ingested by animals grazing 
Nardus and Molinia, respectively. It is apparent, 

diets ingestedtherefore, that the ME value of some 
by ruminants might be as low as 7 to 10%. 

Utilization of ME 
The model by which certain kinds of influences 

on the utilization of ME and the peculiarities of 
various kinds of animals will be examined here is 
represented by Fig. 1. This examination of animal 
energetics employs the relationship between the ME 

intake (X) above maintenance and the resulting 
energy balance (Y), i.e., energy gained by the body 
or put into other food products. Both of these 
variables will be expressed per kilogram of body 
weight raised to the power, 0.73; this parameter will 
be employed as the index of metal)olic body size 

(MBS). Since it is now well established, in all animals 
which have been studied, that the energy balance 

is a linear function of the ME intake above the 
maintenance level, the relationship can be derived 

with a minimum of two values. Thus, requisites of 

this method are the corresponding positive energy 
balances of two or more ME inputs within treatment. 
The relationship between the two variables provides: 
(a) the slope, which is the index of efficiency with 
which ME supports a given body function, some
times called the rate of net itilization of ME for 
a specific body function; and (b) the ME-intake 
intercept at zero energy balance, i.e., the amount 
of ME that just prevents a gain or loss of body energy: 
this value represents the ME requirement of mainte
nance. 

+ 
*" 

b net utilization 

W 0 
,, 

CI 

Metabolizable Energy Intake 

Figure 1. Relationship between the metabolizable energy in

take and body energy gain. 

Metabolizable energy is represented by the organic 

matter that reaches Ihe body tissues andi is the 

fraction of dietary energy capable of being trans

formed to support body functions and to yield food 

products. The efficiency with which ME is utilized 

is influenced by, or associated with, certain environ
mental conditions, physical activity, the sex and 
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TABLE 2. Energy requirement of maintenance and the net utilization of metabolizable energy 
for Lody gain associated with kind of animal, dietary characteristics, and the animal's 

activity, sex, and ambiency 

Expt. Main Other Distinguishing Net Mainienance 

No. Anima! Treatment(s) Conditions Ulilization" Requirement" Source 

(% of ME) (KcalI/MBS/day) 

I Worn an No exercise Obese subject; each of 3 levels of 89.2 73.9 Buskirk el
 

(21 yr., 12-1 kg) Exercise en rgy input imposed during 84.8 92.0 a]. (1963)
 

Maii No exercise 4- to 8-week period 78.7 72.8
 

(19 yr., '145 kg) Exercise 76.1 99.2
 

2 Pig (initial body Corn and harley Three expts.; two basal diets of usual 73.6 88.6 Nehring et 

w. ca. 100 to Barley and oats ingredients provided at 4 to 6 81.1 116.1 al. (1960) 

180 kg) Barley andl oats levels of energy input 76.4 101.9 

3 Chicken 4%.fat & 210' C 4% fitt diet contai;ned 80% corn 

(mature, 3.5 to meal; 73.0 84.6 Shannon and 

4.11 kg) 4% fat & 220 C :12 fat diet contained 29% corn 	 Brown (1969) 
oil 69.2 99.H 

:12% fat & 22' C 84.3 95.2 

4 Rabbit 2 levels of input Diet of 60% wheat 4-40% hay: 70.5 106.5 Hellberg
 

(9-12 inos. old) above maintenance temperature, 17.1) to 22.11' C (1949)
 

5 Guinea pig :1rates of growth Thrve levels of energy input: 69.6 116.8 Knudsen 

2'H-30' C. (1968) 

i Sheep Long hay Six levels of input 	 41.9 95.8 Blaxter and 

(15 ruos. old) Ill.gr. hay Eight levels of input 	 51.7 88.9 Graham (1955) 

7 Sheep Chopped hay Each diet fed al:1levels same hay 30.)) 91.5 Paladines 

(1tanrd 20 muos. Pell.. gr. hay in all diets; slaughter-analysis 43.4 86.7 etal. (1964) 

old at beginning) 50'%,"; experiment 56.9 84.2Plell, hay 

It Sheep 40'% hay + 60% Each of 5 levels of input imposed 62.5 87.9 Marston
 
(:31/2 -yr.-old ewes) concentrates during 10-,week period (1948)
 

9 Sheep AIf. hay alone or Rams 57.6 88.0 Bull efal. 

(6-7 mos. at with maize; 2 Ewes 65.5 87.0 (1970) 

beginning) levels of each 

Cattle (steer, 2 yr., 24'% hay + 76% Diet fed at 5 levels of input 21.3 107.0 Mitchell etal.10 

614 kg) concentrates (1932)
 

54.6" 106.4' llaxter and11 Steers, mature 66. hay Each steer fed each of 5 levels; 

53.6' 74.4' Wainman
wethers, mature + 341% oats 	 each wether fel at each of 6 


levels 
 (1961) 

'Nel utilization for hody gain of ME ingested above maintenance level. 

"Maintenance requirement expressedi as kilocalories of melabolizahle energy (ME)/MIBS/day. 

'T llese dala were d1eri ved from the aulhors' data for positive balances; the MBS vallies were computed from the fasting body 

weight. 

2 are examples of the relationships ofgastroitntestinal archite;ture of animals, and a In Table 
numher of dietary characteristics. For example, defi- a few dietary characteristics, physical activity, sex, 

of certain vitamins and ambient environment on the ME requirementcient amounts of protein and 
and mineral elements in the liet, and imbalanced of maintenance and the net utilization of ME for 

body gain in man and certain meat-producing aniassortments of absorbed amino acids reduce the 
efficiency with which ME is utilized for maintenance mals. The examples are designated by experiment 

numbers as follows for animals of the three gastroinor production by animals. Since a detailed account 
of various influences and associations is given else- testinal groups: SGA, 1-3; NRFI, 4 and 5: and rumi

where (Reid, 1974), only a few samples will le nants, 6-11. 
The data designated as Experiment 	1 were derivedprovided here. 

509
 



ANIMAL PRODUCTIONIN HILL ENVIRONMENTS 

from the extensive studies made by Buskirk et al. 

(1963) of obese human human subjects. During 
periods of 4 to 8 weeks, each of three levels of energy 

onintake was provided with and without exercise 
a treadmill (12 km per day at the rate of 5 km per 

hour on a 5% grade). However, because of chafing 
of the contacting body surfaces, the subjects were 

allowed to rest on an upright bar and did not perform 

the full amount of work planned. Some of the diets 
base and otherswere constituted from a "Metrecal" 

were formulated from milk sclids, dextrimaltose, and 
oil ingested as liquids. The net utilization ofcorn 


ME within subject was not influenced by exercise; 

however, the ME requirement of maintenance was 


decidedly increased by exercise. 

Experiment 2 represents an extensive series of 

energy-balance experiments with pigs involving two 

basal diets characterized by corn or oats. Each basal 
diet with or without inc:,ements of barley meal was 

6, (Jrprovided at four to six levels of input to 4, 

8 pigs as they grew from a body weight of about 

100 to 180 kg (Nehring et a.. 1960). The net efficiency 
of body gain observed in these studies is of the 

same order of magnitude a that reportedt for other 
SGA. The ME requirement of maintenance was 

considerably higher for the pigs ingesting the diets 
high in barley and oat meal than for those whose 

of corn meal with 42% of barleydiet contained 42T 
meal, plus the same protein supplements. Diets high 
in barley and oats are relatively high in fiber and, 
accordingly, might require a greater energy expense 
in the muscular work of digestion. 

In Experiment 3, Shannon and Brown (1969) 
examined the influence of dietary fat level (approxi-
mately 4 and 32% of dry matter) at an ambient 
temperature of 220C, and that of ambient temperature 
(22 and 28' C) when the 4Q1. fat diet was fed to 
mature Light Sussex cockerels weighing 3.5 to 4.8 

kg. Energy exchange was derive(l from the conitinu-
ous measurement of oxygen consumption and carbon 
dioxide production during 22 hours of each 24-hour 
metabolism period. The remaining 2 hours were 
employed for excreta collection and giving the next 
meal. Each bird was maintained on a given intake 
level for seven days, the last three of which were 

spent in the respiration calorimeter. At least four 
weeks were allowed for acclimatization at either 

temperature. 
was aboutAt 22' C, the maintenance requirement 

the same for the birds fed the two diets, but the 

net utilization of ME for body gain was about 22% 
greater for the birds ingesting the 32",, fat diet than 
for those receiving the 4% fat diet. This result is 

similar to that observed in rats (Forbes of al., 1946; 
Chudy and Schiemann, 1967). Increasing propor-
tions of fat in the diet increased the rate of energy 
storage also in sheep (Swift of al., 1948). It appears 
that dietary fatty acids are used preferentially to 

other nutrients to form body fat. The higher energetic 

efficiency of high-fat diets undoubtedly results from 

the direct incorporation of dietary fatty acids into 

triglycerides. This direct incorporation circumvents 
the energy cost of de novo synthesis of fatty acids 

from other dietary sources, a process requiring re

duced nicotinamide adenine dinucleotide phos
phate. 

The chickens employed in Experiment 3 (Table 

2) that were fed the 4% fat diet required more ME 

for maintenance at the ambient temperatura of 220 C 

than at 280 C. This indicates that 220 C is below 
the range of thermal comfort of chickens so feathered. 
However, the net efficiency of body-energy gain was 

not different for tile two temperatures. 
The data for Experiment 4 (rabbits) and Experinient 

5 (guinea pigs) indica te that the net utilization Oif 

ME by NRtl is somewhat lower than that by S;A 
but higher than that by ruminants. Experiment 41 

was conducted with mature rabbits weighing alp
1949). A diet colnsisting
proximately :3kg (Hellberg, 

of 601)% of coarsely ground wheat and 40% of ground 
hay was fed at six levels above that of maintenance. 
Energy storage was determined at ainbient tempera
tures ranging fro i 17.8 to 22.1' C, with most bll

ances being ,'etermined it a temperature below 
200 C. Whether the maintenance requirenient woulh 
have been lower at a higher anbient lemperature 
than that determined (i.e., than 106.5 Kcal (f 

ME/MBS/day) is not known. However, some inves
tigations have revealed that the lower critical ten

perature of the rabbit might be as high as 26' C. 
The dati, )btained in Experiments (i-11 (Table 2) 

were selected to demonstrate the usual range of 

nutritional influence on the energetic efficiency of 
sheep and cattle, and the relationship oif sex to the 
net utilization of ME by sheep. 

The data for Experiments 6 and 7 (Table 2) show 
that when pelleted, groun l hay is ingested by sheep, 
the net utilization of ME for body gain is greater 
and the ME requirement of maintenance is somewhat 
less than when hay from the same source is fed 
in chopped form. The fun(aimental reasons for these 

known. Ilowever, adifferences are not precisely 
larger proportion of the carbohydrates of finely 

ground forage escapes fermentation in the rumen 
and is digested in the small inlestine (Thomson el 

a., 1972; Beever et al., 1972); and, therefore, more 
sugarscarbohydrates might be absorbed iaS simple 

rather than as volatile fatty acids from ground forage 
than from chopped or long forage. Also, the muscular 
work of digestion of ground forage might be less 

than that for chopped or long forage. 
The studies of Osuji of al. (1975) demonstrate that 

the energy cost of eating is influenced by the physical 
form of grass. The costs (kcal /kg of (fry matter 
ingested) were as follows for various forms: chopped, 
fresh grass, 93; chopped, dried grass, 57; and pellet
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ed, dried grass, 5.7. The energy costs of rumination to each of three wethers weighing 39, 55, or 63
ranged from 4 to 11% of that of eating. Some of kg during fasting. As shown in Table 2, the net
the same workers (Webster el al., 1976) showed that utilization of the ME ingested above the maintenance
the combined energy costs of eating, ruminating, level was not different for the two kinds of animals,
fermentation, and work of gut tissues are 30.0, 27.9 but the ME requirement of maintenance was 74.4
and 24.5%, respectively, of the total heat increment and 106.4 Kcal/MBS/day for the wethers and steers,
of sheep ingesting grass of the three physical forms. respectively. The latter values were computed for
The estimates of Webster el al. (1976) indicated the the present study by using the fasted body weights
 
energy cost of work by the gut tissues was the same to determine the MBS.
 
(21 % of the total heat increment) irrespective of the The indigenous plants of some hill lands, at least

physical form. 
 during certain seasons, are highly lignified and

The addition of corn meal to the hay employed poorly utilized by animals. Since cereal straws are 
in Experiment 7 resulted in a further improvement among the lowest quality forages examined calori
in efficiency and some reduction in the maintenance metrically, the efficiency with which they are uti
cost. In his classical experiment (Experiment 8, Table lized by ruminants may represent the low end of
2) carried out with 3.5-year-old Merino ewes fed the utilization spectrum of hill land plants. A sum
a diet consisting of 50% crushed wheat, 101% cane mary of certain compositional and nutritional data
molasses, and 40% ground alfalfa hay, Marston for oat and wheat straws, alkali- and sulfite-treated
(1948) observed a net efficiency of 62.51,% and a rye straw, meadow hay, and a high-quality, immature
maintenan(ce requirement of 87.9 Kcal of alfalfa hay is recorded in Table 3. These data show 
ME/IV1t3S/day. Bull e al. (1970) obtained similar a high degree of correlation between the proportion
values(Experiment 9, Tahle2) for female Southdown of the ME (and of the gross energy, GE) put into
sheep fed a diet of very high-quality ground alfalfa body gain and either the percentages of ME, digesti
hay and corn meal. IHowever, male Southdowns with ble energy (DE), or the cell-wall components. The
inlact gonads and receiving the smile diets had a net utilization of ME provided by wheat straw for
decidedly lower net utilization for cody gain, but body gain has been as low as 8% in other German
their maintenance requirements were the same as studies. Although the concentrations of ME are not 
those of the females. recorded in Table 2, the net utilization of ME for 
The most (:onspicuous i:haracteristic of the data body gain by the ruminants increased with increas

for c(tle fed mixed concentrate-hay diets (Experi- ing concentrat ions of ME in those experiments, too. 
ment 10), as compared with those for sheep (Experi- Also, there is evidence of a decreasing requirement
nments 7, 8, and 9), is the higher ME requirement of ME for maintenance as the ME concentration of 
(of nmaintenamice. In Exlpriment 11, Blaxter and the diet increases.
 
¥niiin a (l9l(l) compared adult wethers and steers 
 The energy of alkali- and sulfite-treated rye straw

directly. They fed a diel of two parts poor-quality (Table 3) was found by Kellner (1900) to be utilized 
hay ll( one part oats at each of five levels of energy by cattle for body gain as efficiently as that of 
input to each of three stems weighing 380, 460, high-concentrate diets (Mitchell et a., 1932) (Table
or .1m) kg during fasting, and at each of six levels 2). Although it is expensive in terms of fossil energy, 

TABLE 3. Comparison of composition and nutritive value of forages of various quality 

Proporlion of GE NOt tlilization of composition" 

Cell 
Foage 
 MENIE NIE GE ADF' Wall': 

'erceintJilslraw" 4:3.2 "15.11 :16 13 47 70 
WVwat slraw" 41.11 31.6 517 54 85 
Alk.- anl Sulf.-lr. straw' 17.2 75.5 63 41 
MeIvidow lay' 51.7 47.0 41 20 35-40 55-65
Alf. hay' 7:1.1 54.4 60 32 25 35 

'Estimnah-d from dll of Van Soest (1973).
"AIF -- :wd dh rgmenfilier = lignocellulose + SiO.. 
'Cell wall content - lignii + cellulose f-hemicllulosi! + culin + silica + tannins.
 
"Kellnr (woo(1).
 
"tlillel il.(197(1).
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chemical treatment represents an alternative method 

of utilizing the floral mass of hill lands. 
The salient points demonstrated in Tables 2 and 

3 are: (a) the net utilization of ME for body gain 

is greatest in SGA, least in ruminants, and interme-
NRH; (b) in ruminants, the net utilizationdiate in 

may range from about 10% for highly lignified forage 

to about 65% for the highest quality diets; (c) the 

energy of forages reduced to small particle size is 

more efficiently utilized by ruminants than is that 

of long or chopped forages; (d) ME is utilized for 

body gain more efficiently by female ruminants than 

by nale ruinaiants; hovever, the ME requirement 
is the samc for hoth sexes; (e) theof maintenance 

maintenance requirement increases with increasing 

physical activity; is greater at amnbient temperattres 
both above anti below the range of thermal comfort 

in sheep; andthan within: 	is higher in ci4tle than 
in the dietis inverse to the concentrition of ME 

and sulfite treatmentof ruminants; and (f) alkali 
of highly lignified cellulose materials such as cereal 

straws greatly improves the nutritive value. 

SOME CONDITIONS PECULIAR TO HILL LAND
 
THAT MIGHT INFLUENCE FORAGE QUALITY 

AND ANIMAL EFFICIENCY 


Climate 
In the context 	of pasturet production, climate gen-

erally deteriorates with increasing altitude (Alcock, 

1969; 1975), and the predicted climatic changes 

indicate that the deterioration might be accentuated 
are four funda-in the future (Bryson, 1974). There 

mental components of climate that affect plant 

growth: (a) solar radiation (affecting photosynthesis). 
(b) ambi.nt temperature (affecting especially leaf 

growth and respiration), (c) water (affecting leaf 

growth and photosynthesis), and (d) carbon dioxide 
concentration (affecting photosynthesis). Assuming 

that water, soil nutrients, and carbon dioxide are 

adequate, the major climatic factors affecting plant 

growth and composition are light intensity and 
Thesetemperature (Alcock, 1975: Deinum, 1966). 

are influenced by altitude, direction of exposure, 
slope of hill, and the extent of cloud cover, 

Light Intensity and Soil Temperature 
20-25%,Solar radiation on hills is as much as 

lowlands in Wales at the beginruingless than that on 
of summer and during the early- and late-spring 
months (Alcock, 1975). By mid-June, the solar radi-

ation is 8-10 times that (luring the period of Novem-
wereber to February. Corresponding temperatures 

2-3' C lower on hills than on lowlands during the 

and about 5' C lower (luring the periodsummer 
of December to April. Accordingly, the production 
of forage dry matter was greater on the lowlands 
(Alcock, 1975). 

An attempt has been made in Table 4 to generalize 

qualitatively some of the effects of increasing degrees 

of light intensity and temperature on the yield, 

chemical composition, and digestibility of forage 

(Alberda, 1957, 1965; Beevers and Coopvr, 1964: 

Burton el al., 1959; Deinuni, 1966). Interactions of 

light intensity or temperature with fertilization rate, 

water status, species of plant, and growth stage are 

known to occur. As a consequence, deviations from 

the generalizat ions cited in Table 4 hat'e been oh
extent of the 	trends recorded variesserved, and the 

with the interacting conditions. Accordingly, the 

quality and quantity of forage and the resulting 

responses of animals are expected to vary from hill 

to hill. 

Some effects of light intensity andTABLE 4. 
temperature 	on the production 3nd nutritive 

qualities of forage 

With IiirisiiWCmnponent or 
'tvmt ralrr" Characteristic 	 Light intensity" 

1).Ni. output Increases Species optimu,n; aihve id 

btuhow optimum, it
 

devrases
 
Protein conc. Decr. (usually) Usoinla y higher ,' t .n
e and 

below otltimilif
 
Soluhle CHO Increases Decreases (usually)
 

Fiber colc. Decreases lncreases
 
Ash. conc. Decr. (usually) Increases (usnalty)
 

Digestihility Increases Decreases
 

'Interactions with fertilization rates, moisture, species, 'Ind 
season occur; deviations from these generalizations hive hvi 

reported; effects of a long day length may be the same as high 

light intensity. 

Plant growth 	 occurs within a wide teml)erature 
range; however, each plant has an optimum temper

above and below which the growth rate isattire 
less. The temperature at which growth is optimal 

is not necessarily the temperature at which nutritive 
qualities, e.g., protein (:ontent, are enhanced (Alber

da, 1965). For example, the protein c:ontenlt is higher 
in plants grown aiove or below the optimum tern

perature for dry-matter growth than in those grown 

at the optimum growth temperalture (Alberda, 1965; 

Beevers and Cooper, 1964). Bec;ause (if the influence 
of tempertture on lignificat ion, the digestibility of 

tropical forages is characteristically low. 

Effects of Ambient Conditions on
 

Animal Efficiency
 

Any corid ition that results in an ambient tempera
the zone of thermal comfortlure below or above 


results in an increase in heal production by animals.
 

512
 



REID AND WHITE
 

Accordingly, the dietary energy requirement is in- Energy Cost of Grazing 
creased and the efficiency is reduced. In the context As compared with that determined Linder housed, 
of the hill environment, the rate of cooling and the hand-feeding conditions, the maintenance require
zone of thermal comfort depend upon the ambient ment of freely grazing sheep (Graham 1964; White
temperature: the infrared radiation intensity; wind law, 1974; Corbett et al., 1971; Young and Corbett 
velocity; rain; tissue and fleece or hair insulation; 1972a,b) and cattle (Reid et a)., 1958) ranges from 
and level of feed intake (Joyce and Blaxter, 1964). 10 to 90'% more. Grazing sheep with a full fleece 

At maintenance levels of feeding under chamber required 43 to 64%, more energy and similar sheep 
conditions (e.g., air velocity of 0.6 to 1 km/hr) the after shearing required 56 to 91(% more energy for 
critical tempera'ure (viz., the air temperature below maintenance than did housed sheep (Young and 
which heal prodhction increases) of sheep is: :30' C Corbett 1972a, b). On the other hand, when forage 
when the fleece length is 2 mm; 200 C when the is abundant, freely grazing animals graze selectively 
fleece length i, il mm; 100 C when the fleece length and thereby upgrade their diet considerably (Hardis
is 35 mm; and -3' C when the fleece length is lOu on et a)., 1954). This effect tends to diminish the 
mm. Based on a study of some typical Scottish hill energy cost of maintenance in grazing. 
land conditions, joyce and Blaxter (1964) estimated The energy cost of grazing depends upon the extent 
minimal heat production figures. Those data indi- of abundance of forage, the distance walked, the 
cated that the energy requirement for maintenance slope of land, the work of prehension, fleece or hair 
of sheep at -10' C an( an air velocity of 0.8 km/hr length, and other determinants. The significance to 
was 15% greater with a 50 mm fleece and 126% the energy economy of animals of the slope of land 
greater with a 10 mom fleece than it was within the and the insulating characteristics of the body is 
range of thermal comfort. At an air temperature of greater in the hill-land environment than it is under 
50 C and an air velocity of 12.5 km /hr, the mainte- lowland conditions. In his study of the energy cost 
nance requirement was 8% greater with a 50 imlm of locomotion, Clapperton (1964) calculated the 
fleece and 103% greater with a 10 mmn fleece than decrease in energy retention by sheep between rest
it was within the zone of thermal comfort. ing and walking o a level treadmill and between 

Joyce and Blaxter (1964) noted that the resistance horizontal walking and walking on an inclined 
to cooling resulting from tissue insulation is greater treadmill. The apparent cost of horizontal work was 
in Scottish Black-face sheep than in Cheviots or a 0.59 ± 0.03 cal/kg-m. The decrease in energy 
Down-cross sheep. Lucas (1975) suggested that this retention resulting from walking on an inclined 
could account for an increase of 40 C in the critical treadmill as compared with that retained in horizon
temlerature or a 10% reduction in the energy re- tal walking was expressed as the energy expended 
quirement of maintenance at low ambient tempera- in raising verlically 1 kg of body weight by 1 m. 
tures in Scottish Blackface sheep as compared with The mean cost of vertical work was 6.36 ± 0.32 
Down-cross sheep. cal/kg-m. However, the cost of vertical work was 

greater at a low speed than at a high speed, and 

it was greater at a high level of feeding than at 
Sheep Adapt to Prolonged Exposure to Cold 

i low level of feeding. Thus, depending on the degree 
of slope, grazing on hill land demands an energy 

E1"xposure to wind results in a gradual decrease cost greater than that on flat land, reaching a cost 
in the degree of vasodilation of fleece-covered areas. for the impractical vertical slope which is 10.8 times 
As acclimatizalion occurs, the rate of body cooling greater than it is on the horizontal plane. 
gradually declines. Acclimatization is associated 
with a temporary increase in metabolic rate, a post- Relationship of Energy Intake and Efficiency of 

ponement of vasoconstriction of the extremities and Animal Production 

increases in non-shivering heat production, skin Energy intake is the major force driving animal 

temperature of extremities and cold-induced vaso- production. As shown in Fig. 2, the energy cost 

dilation. Some Ireeds of sheep are quite different of maintenance as a proportion of the total energy 

from others with respect to the acclimatization char- intake declines as the intake level increases. Thus, 
acteristics (Slee, 19618, 1972; Sykes and Slee, 1968, the gross efficiency (i.e., the animal output per unit 

19i9a, 1); Lucas, 1975). For example, Scottish Black- of energy input) increases with increasing intake. 

face exhibit a greater degree of acclimatization than This reflects the dilution Of the maintenance cost 

do Welsh Moontain or Down breeds; on a low plane with increasing levels of intake. A comparison of 

of nutrition, the Welsh Mountain sheep acclimatize situations B and C (Fig. 2) reveals that an intake 

toi a greater degree than d the Southdowns. Thus, equivalent to three times that of maintenance repre

it is expected that the energy cost of maintenance sents two times as much energy for production as 

and the efficiency of production varies among breeds does an intake equivalent to two times that of 

under hill environments, maintenance. 
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Intake used concentrates despite the lower fossil-energy cost of 
for Production 1%J producing forages. 

A Under hill-land conditions, it is expected that the 
A MAINENANCE energy concentrations of forage vary to the same 

degree as that of the forages for which data are 
B MAINTENANCEI RODUCTIONI 50 summarized in Table 3. Also, a wide range in 

_ = voluntary intake is expected. Sheep fed oat straw 
voluntarily ingested only 22% (Greenhalgh and Reid, 

66 1971) and 50% (Blaxter et al., 1966) as much dryC MINTENANCE PRODUCTION 
matter as they did when they were fed only dried 

1 2 3 grass which was about 70% digestible. 1h intake 

Energy Intake [Multiples of Maintenancel of energy by ruminants grazing shrubs, may be even 
[Mcal Body Weight Dayl less than that of the same "mimals fed cereal straws. 

Figure 2. Partition of the dietary energy intake between main- Thus, the energy intake of ruminants grazing hill 
tenance and production. lands may range from that which is inadequate to 

E__ 

support maintenance to that which is equivalent to 
the intake under lowland grazing conditions (Russel 

Various strttegwis are known to intensify the en- t al., 1976). Depending On the nature of the flora, 
ergy intake by ruminants: (a) Harvesting or grazing animal productivity may he benefited by mixed 
of immature forage, (h) encouragement of selective grazing involving two or more ruminant species 
grazing or feeding, (c) the breeding of late-maturing (Connolly and Nolan, 1976). 
cultivars, (d) the chemical treatment (e.g., alkali or 
sulfite) of lignified forage. (e) the pelleting of finely SOME ALTERNATIVE USES OF 
ground forage, and (f) the feeding of increasing HILL-LAND FLORA 
proportions of concentrates. The same strategies 
increase the DE and ME concentrations of the diets 

"Single-cell" Protein or Soluble Sugars
ingested by ruminants. 

Although dairy cowscan produce asmuch as 5000 The utilization of photosynthetically produced 
kg of milk per year and beef cattle can gain as much organic matter as substrate for the growth of micro
as 1.25 kg per day on an all-forage diet, the forage organisms represents an alternative use of hill-land 
must be of unusually high quality for such levels flora to produce protein for man and animals (Bel
of output to be attained. Such levels of production lamy', 1976). The state of technology for the produc
can be reached or exceeded by some of the strategies tion of "single-tcell" protein from the soluble car
cited above. However, the fossil energy costs of l)ohlvrates is distinctly more advanced than that 
certain strategies, viz., chemical treatment or artifi- of the production of microorganismal protein from 
cial dehydration and pelleting of forage and the the lignocellulose fraction. A number of pr cesses 
feeding of concentrates, are high. Because of the for the utilization of soluble carbohydrates have been 
need for N fertilizer to obtain high yields of non- (eveloped. In some methods of "single-cell" protein 
legumes, legume forages yield inore DE per unit produoction, e.g., by yeast, rates of soluble sugar 
of fossil energy put into the production system than utilization of 10 to 30 gm / liter/hr have been report
do non-legumes. ed. Unfortunately, at the present time, no m icroor-

In an experiment in which Oltjen el al (1971) ganisms are known to utilize lignocellulose at rates 
fattened steers to the same final body weight on approaching commercial significance (1 to 5 gm of 
either an all-concentrate or a pelleted, ground hay cellulose/liter,/hr) (Iellamy, 1976). Thus, in order 
diet, the rates of gain were 1.05 kg/day by those to utilize cellulose, the lignin must be removed or 
on the all-forage diet and 1.27 kg/day by those fed modified. Although this may he accomplished by 
the all-concentrate diet. However, 35 more days were the use of a variety of chemical agents, it is expensive 
required by the all-forage fed animals to reach the in money anti fossil energy. Also, methods involving 
same weight as the steers fed the all-concentrate alkali treatment and depolymerization of cellulose 
diet. Thus, the energy cost of maintenance was by the enzymes of the mold, Trichoderina viride, 
greater for the animals fed the all-forage diet. Ac- have resulted in the production of soluble sugars 
cordingly, the higher energy cost of the slower (Mandels uf al., 1974). Such sugars may be used 
turnover rate of animals receiving all-forage diets as energy sources either directly by animals or 
must he weighed against the higher fossil energy through fermentation by yeasts or hacteria to produce 
requirement of producing concentrates as an energy "single-cell" protein. 
source for animal production. In critical energy- At the present time, technical problems and the 
demand situations, it may be economically and monetary and energy expense of utilizing ligno
energetically more strategic to provide animals some cellulose as soluble carbohydrates or with which 
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to produce protein are too greal to make these viable 
alternalives of hill land floral utilization. Future 
research may result in more economic ways to utilize 
lignocellulose which comprises 25 to 70%. of the 
hill land floral dry matter. 

Liberating Cellulose from Lignin 

The major (eterrent to the utilization of ligno-
cellulose by ruminants is lignin. The amount of 
lignin is as high as 15 to 20" in mature forages 
and :m to 4'1%, iii wood products. 3reaking the 
ligno-celulose bonds or the removal of the lignin 
grealy improves the utliization of cellulose by rumi-
nants. Nehring I al. (1965) observed that purified 
celltlose was at least as go(lod is sucrose its an energy 
source for sheep and (altlle. The net utilization by 
cittle of the ME provided by cell ulose purified by 
alkali and sulfite treatment of rye stratw was 6T3 % 
in studies reported by Kellner (19(100). That level 
of utilization is its great is that ohtainled with high-
concentratte diets. In experinents in which sheep 
fed slanldard fattening ralions were compared with 

those fed rations cotntaitling 66 or 7(1% of sulfite-de-
gritded wood cellulose, Ihle rates of body weight gairt 
were 72 to 83, itS greatl by those fed the wood 
cellulse diets as by those whi(h received standard 
(iets (Dyer e a)., 1975). 

A vitriety oif liroi;tessi~s h'lVe been employed to 

improve the utilization of plant materials high in 
lignocellulose. These vary in degree of complexily 
anti effect iveness. and they inclu(e soaking, fine 
grinding, irradiation with high-energy electrons, ald 
cheinical (legrt(lation by such agents ias alkali, min-
eral acids, and sulfite. Presently chetmicial treatment 
yields the most nutritious end-produc:t at the lowest 
cost. Nevertheless, the chemical nethods are expen-
sive in terms of fossil energy and require much water 
in rinsing. 1Donefer et al. (1969) observed that the 
improvement (If the nutritive value of straw is direct-
ly relatedf) lhote cn(cnentration of NaOl-(employed 
until the optimal level of it toI)10 gn of NaOHI per 
100gin (f straw was reached at atmospheric pressure. 
At pressures above that of the atimosphere, less NaOH 
resulted in the same degree of inprovement. As an 
alternative means o)f utilizing lirectly hill-land 
lignocelhiilose y rtumintnts, the feasibility of c hetl-
Cit I trei tnmInt in t he ft t e will dfepen d on monetaryw. 
an(/or etnergetic e(onolics. 

Use of Wild Herbivores 
Sotne (Iiffichtlt-to-tntnage hill lands might be more 

produttive its habitats for wild herbivores than for 

(s111 ti(,Cti(I I'nliOinilnls. For eXan ple, Under certain 
ec(ological pro-CIOltliltions in Scotland the red deer 
(ritces tnore tfel per unit of land area than (o 
d(lmesticiated ruminants (Kay, 1970). Moreover, deer 
yield (onsi(leraly more lean meat per unit of carcass 
than (lo sheep and cattle (Blaxter et a)., 1974). 

REID AND WtITE 

Although there are many prohlems requiring re
search, a farming enterprise based on wil herbivores 
may be practiced at various levels of intensivity, 
depending on the conditions. 
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DISCUSSION 

R. Blaser (Virginia, USA). The suggestion is often 
made in grazing pastures to maintain the animal 
or let it lose weight. This is said to be desirable 
because then the animal will make very sharp com-
pensitory gains,. Ihave always doubled that philoso-
phy and I should like to have you comment on 
whether such an animal does really compensate from 
the standpoint of the total energy budget. 


Reid. We need to examine that problem from the 

standpoint, first of all, of the period of compensa-
lion-the period of so-called compensatory growth. 
We had a graduate student from New Zealand, Dr. 
Kenneth Drew, who carried out an extensive exper-
ment on this subject with sheep. lie observed that 
animals that had been deprived so as to lose approxi-
mately 3tI,, of their original body weight, then re-fed 
to reach a given hody weight, were found, after the 
re-feeding began, to he more efficient in their use 
of metab(lizahble calories than their mates which had 
been fed steadily to ihe siame final hody weight. 
Now, the ringer is, that when he took into account 
heitotal period, including the reduction in weight 

and the realinentation, it was less efficient than 
it was for ile sheep kept in continuous positive 
energy balance btecause of the higher maintenance 
cot:sl the sheep had to he maintained during the 
period when they were losing body energy ias well 
is during the compensatory growth period. 
Blaser. I low great was the difference? 

Reid. The proportions of the meta bolizalle energy 
(MI E) ingested above maintenance that were retained 
were 43,, for the continuously fed animals and 57% 
(uring realimentation, for those which were reali-

mented after the sub-nmaintenance feeding period. 
The maintenance requirements were 90 antl 89 
kcal/weight raised to 0.75 power/day, respectively. 
'lhe amounts of feed (kg)/gain (kg) to a body weight 
of 50 kg were 5.6 and 7.2 for the sheep which were 
continuously fed and those which were deprived 
for -1t weeks and then re-fed, respectively. 

K. O'Connor (New Zealand). If the cost of the feed 
Sulpply for Ihe two different phases were entirely 
different, (oesn't that complicate the matter? 

Reid. Yes, I agree. The efficiency value does not 
include economics. Also, if the feed could ibe sup-
plied by an area which is difficult to manage, cannot 

be easily harvested, or might be expensive Of energy 
and money, etc. to intensify, I agree the trade-offs 
could make it more economically feasible for animals 
to go through the two phases. 

A.W. Pantall, (New Zealand). That would help to 
determine the meaning of your comment on alterna
tive uses of hill land, e.g., breaking ligno-cellulose 
bonds by chemical means and use of wild herbivores 
oil areas difficult to manage. 
R. Shirley (Florida, USA). You have given an ex

cellent talk about energy and since these animals 
need protein also, I wonder if some of this energy 
possibly might be turned into the production of 
protein in te presence of non-protein nitrogen. 
Reid. Yes. What Dr. Shirley is asking is whether 
some of the excess energy taken in, for example 
in the presence of non-protein nitrogen such as urea, 
may be put into the protein cycle. That is certainly 

true. Even the circulating urea and other non-protein 
nitrogen return to the rumen via the saliva. Unfortu
nately, under many situations such as those of 
grazing hill lands or swards in the tropics-almost 
any situation in which a high forage diet is ingest
ed-and in which the use of non-protein nitrogen 
would have a great value if it were utilized, there 
is not sufficient highly available energy present in 
these cellulosic materials to provide the means for 
ruminal bacteria to utilize the non-protein nitrogen 
effectively. There is -.n FAO report on non-protein 
nitrogen prepared several years ago by lan McDonald 
and 1. K. Loosli that lay .ut this problem and those 
conditions under which non-protein nitrogen can 
be effective and economical and those in which it 
is not. Thus, in the tropics and on hillsides where 
a lot of grass is grazed, the effectiveness of non-pro
tein nitrogen is very low despite its potential in 
the presence of highly available energy sources. 

G. A. lung (Pennsylvania, USA). I would like to 
clarify that last point, Dr. Reid. Don't you really 
mean tropical or sub-tropical species of grasses? If 
you were to go to higher elevations in the tropics 
and switched to temperate species, wouldn't it im
prove? 
Reid. Yes, at least to some degree. For example, 
in situations in which plants high in soluble car
bohydrates can be grown, at least some utilization 
of non-protein nitrogen would be expected. A late
maturing perennial ryegrass, one of the magnificent 
developments of the Welsh Plant Breeding Station, 
is a grass which is quite high in soluble carbohy

drates. 
R. L. Reid (West Virginia, USA). I remember some 
of your remarks that the digestive efficiency of some 

of the animals-the alpaca for example--adapted 
to high country is considerably higher than that of 
conventional ruminants. Is this correct? Is there more 
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work in the literature on this relationship or on the 
increased efficiency for animals of high elevations? 
Perhaps there is someone else who would comment 
on this. 

Reid. In a number of trials in which Saul Fernandez 
Baca in Peru compared alpaca andl sheep fed the 
same diets, the digestibility hy the alpaca was detid-
edly higher. These data, however, have been chal-
lenged by some peol on th basis that the level 
of input night have been different. Now, the ee 
of intake does affect digestibility by herbivores, [ut 
this depen(ls upon the kind of diet. As the level 
of intake increases, the digestibility of miexd con-centrate-forage di,,ts or of pelleted, finely ground 

forages decreases. On most forages in long or 
is not great enotgh tochopped form. the intake 

depress digestibility. It seems powsibhl that the di-

gestihility of some of the improved forages which 

are high in solubl, carbohydrates and which are 

ingested in large quantity might be depressed scme-

what. Since sone of the forages fed to the alpaca 
and sheep were coarse and fibrous, it would appear 
unlikely that the level of intake affected digestibility 
differently in the two species. I should mention that 

85. 

alpaca and llama are now commonly found at high 
altitudes, but at the time of the Spanish conquest 
in about 1530 AD, they were found at sea level in 

Peru. There have been comparisons made between 
other ruminants. For example, the water buffalo (Bos 
bubalis) has been compared with Blos taurus. such 
as lolstein cattle, fed the same forage materials. 
As an average for nine different forages, a differen:e 
in digestive efficiency of about 10 in favor of the 
water buffaloes was observed. Perhaps sole of tile 
people who are here from India or Pakistan are 
familiar with other similar compiarisons. 

1. Eadie (Scotland). Before we rush to arrive at iol
clusions arising from differences in efficiencies. 

e ought to address ourselves, I think, to thequestion 
of voluntary intake of these animials; their capacity 

to consume the forages in the environments in which 

they live would seem to be to he Probably a much 

more important determinant of their usefulness as 

pasture, animals, than just efficiency. 

Reid. Yes, I quite agree. Each animal has its own 
natural diet and the important thing is how much 
of it a given animal will consume in the habilat 
for which the animal is adapted. 

Land Rehabilitation in the Upper Solo River Area 
M. H. Soedarma and S. Wiradinata 

Directorate of Land Rehabilitation and Reforestation and Faculty of Forestry, Institut Pertanian Bogor, Indonesia 

The Indonesian archipelago has a land area of 
approximately 2 million sq km with a population 
approaching 135 million. The average population 
density is 70 per sq km. The most fertile island 
is lava, comprising 128428 sq km (6.6, of total 
area), inhabited by about 80 million (60% of total 
population). It has a population density of 625 per 
sq km. Over 60% of Java's population is dependent 

with an average land-on agriculture for livelihood, 

holding of 0.1-0.2 ha per farmer. The average per 

capita income is about $60 per year. 


Unemployment in Indonesia exceels 131% (Djojo-
hadikusumo, 1976), not including disguised unem-
ployment which exists to a significant extent on 
lava due to the seasonal type of employment in 
agriculture. In Indonesia about 20 million ha, or 
10% of the total area, are considered wastelands 
or seriously eroded soils. lava is worse off: waste-
lands amount to 4 million ha or more than 30% 
of the land (Sumintawikarta, 1975). 

Recently a program was launched in Indonesia 
to rehabilitate 100000 ha of eroded soils annually. 
Starting this year, this program has been stepped 
up, comprising 400000 ha with anl annual budget 
exceeding $40 million. 

Land rehabilitation in the 11pper Solo River area 
of central java is one of these efforts, 

THE PROBLEM 
The Upper Solo River area covers 10252 sq kin 

(1 025 200 ha), of which more than 2500 sq km 
(250000 ha) can be classified as seriously eroded. 
A general picture of the area is given in Table 1. 
One-third of the area consists of level farmland and 
Iwo-thirds of hilly and mountainous lands with 
slopes of varying steepness and with varying degrees 
of erosion hazard. 

The present land use is given inTable 2. In1general, 
about one-third is devoted to rice, one-fiflh to home 
gardens clustered around villages, and one-third to 
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TABLE 1. Land classes based on topography in 
the Upper Solo River area, Indonesia 

l'opooiripiiciLand Class Arva (ha) lercentage 

L.evelILowlands 3,4!120 33.4 
Kenleng and Karmiggeiie hills 129 760 12.6 
Volcanic lower slopes 240360 23.4 
Vohanic middnille 101 520slopes 9.9 
Volcanic lipper slopes 50221) 4.9 

Southern moontlains 161 520 15.1 
Total 1025 200 (1(0.0 

Soure: l)iruciorae of Land RIeallilitation and Reforestation. 

TABLE 2. Land use classes in the Upper Solo
 
River area, Indonesia 


Land Use Ae,(hi.) l,,retage 

Ricefield (irrigated) 245 160 23.9 


Ri:efield (rainfed) 65 92(0 0.4 


Ilome gardens 195 210 19.0 

lry farmlnd 294 731 21.7 
Estates 5760 D.A 

Forest 142590 13.9 
Other 751130 7.4 
Total (12520(10 99.9 

(Ioo) 


Source: [)irec:torate of Land Rehabilitation and Reforestaion. 

dry 1M two 
te farmlnd. Mai shows the w catchments of 
the Upper Solo River nrt,: the Bengawan Solo and 
lareith heaan tsh rr t e alan, o iTablms 

large as the latter, as shown il Ta .ndne


The basic: pr(1l( is exp~anIinrga rap idIly p)u-
lation (mean (hensily 700 per scI ki) with ftew

iy 
empltoynent opportunities. lopulalion pressure 
ca uses land hunger, result inig in gradual deforesta-
lion of upliantl areas. Unwise use of these hill lands, 
clue to the farmer's ignorance ar(l !ack of capilal, 
leaves behind heavily eroded soils. The effects areinc~reasedl runoff ca usinrg floods, silItal ion, anrd redJuc-

lion (lsoil fertility. A study revealed (McCoih, 1971) 

TABLE 3. Catchment areas of the Upper Solo 

River, Indonesia 


ihhinivii Area 
(sql ki) 

ranh Reside Residency Tot 

liengawall Solo 5763 1137 60011( 

Kali Mailiun 192 :140 3 652 
Toli Area 5955 4297 10252 

Source: Iire(tloraht of Land Rehahilition aid Reforestation. 

SOEDARMA AND WIRADINATA 

that during the rainy season of 1970-71, more than 
8 million MT of soil were carried past the city of 
Surakarta, which in various parts ot the area means 
a soil loss of 3 to 4 cm per year. Economic loss 
caused by reduction in crop production amounts 
to $25 million annually (McComb, 1973). 

Because of erosion, farm income is very low and 
subsistence farmers are numerous. In a study of 375 
sample farms in a seriously eroded part of the area, 
the average gross annual value of all farm produce 
was $45 per family. The landless farmers had 
an annual income of less than $22.50 per family 

(McComb, 1973). 

THE PROJECT 

Starting July, 1973, a three-year land rehabilitation 
project was initiated by the Indonesian government 
with technical assistance from UNDP/FAO and 
financed jointly. The aim is twofold: to develop and 
demonstrate techniques of watershed management 
and upland development in selected parts of the 
Upper Solo River area; and to forward proposals 
and recommendations to the government of Indone
sia regarding ways and means for the prevention 
and rehabilitation of similar situations occurring 
throughout lava. 

Previous efforts of reforestation and afforestation 
in Upper Solo dated back to 1970 in cooperation
with the World Food Program (WFP). However, the 
land rehabilitation project with UNDP assistance is 
the first of its kind in which foreign and Indonesian 
experts work closely together for the duration of 
the project. Similar to the previous program, the
food supply comes through WFP. 
fodSplcmethug F. 

Four watersheds with a total area of 76785 ha, 
including 1685 ha comprising seven sample sub
watersheds, have been chosen representing typical 
situations a,md range of problems of the Upper Solo 
River area. The above is given inTable 4, whereas 

Map 2 shows the location. 
Land considered for rehabilitation is divided into

two categories according to slope: land with slopes 

of less than 50%; and slopes of 50% and up. 
Farmers are encouraged and persuaded to apply 

proper agricultural techniques in food-crop cultiva
tion on slopes of less than 50%. Persuasive efforts 
are conducted to establish tree crops on land-hold
ings with 50% slope and up. Seriously eroded 
landholdings on slopes of less than 50% receive 
similar treatnent. Grass cover with sufficient nutri
live value for cattle ani cullivation of cash crops 

are inltegratedl in the program. 
The m ilt ifaceted approach by the projec:t to land 

rehabilitation is reflected in the six sections: soil 
conservation, hydrology, forestry, agronomy, water

shed economy, and extension education. 
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LAND RElA lIlLITIT ON IN (JI'ItYR SOLO RIVE 

TABLE 4. Representing watersheds with their 
sample sub-watersheds in the land rehabilitation 

project of the tipper Solo River Area, Indonesia 

-\r,[of 
Name of Wat,rlil and :\i,i of %,ittishcd Ssub\b'rshbd 

St-t'rshtih) dh,) 

K,:li t',,- :1470 2.50 

Kali Sain
SW.S,'Kdit I)npol 

216595 
1o 

SWS Kali T'Jpan 222 
Kati Wiroko 2-1 190 

SWS Kali Wader 3:30 
SWS Kali Wungu 280 

Uplr 13vngiv',n Solo 
SWS Kali Plawatan 

25530 
210 

SWS Kali Duren 207 

'lOt.1l 76785 16115 

Solrce: Directorate of Land Rehabilitation and Reforestation. 

The broad range of activities include: 

(a) soil conservation by means of hench-terracing
and construction of gully plugs and waterways: 

(h) improvement of irrigation, construction of 
checkdams, measurement of water regime; 

(c) reforestation and afforestation 

(d) guidance for proper agricultural techniques 
and home gardening: 

(e) analysis of economic development inside and 
outside the subwatershed; and 

(f) dissemination of improved techniques, and 

cadre forming. 

In each sub-watershed, physical rehabilitation 
work is carried out by the local people and partially 
paid for in WFP rations. Labor inputs on physical 
development are, among others: Bench terracing, 
including waterways and gully plugs, consumes 
1 100-1 300 man-days per ha on slopes of 10-20%, 

rising to 2 500 ma n-days on slopes approaching 50l 
Forest plantations take 400 man-days per ha, plus 
35 for maintenance. Construction of roads requires 
900 man-days per ha. 

AREA 

What has been achieved? 
The project terminated last June. It turned out 

that there are no easy answers to the proltin of 
land rehabilitation and developiment. ()n the positive 
side, the following results canI hi noted: Ini treated 
Slt-wtershedis nasuriments havo showI a de

crease of 35";, iii Surface runoff, while erosion his 

been checked up to 95";. Application off proper 
cultivation ttuhniiques hits increasedl yields off food

crops significantly. Construction of :heckinis and 
diversion ditches is expeced to enlarge the area 

of new ricefields up to 20';,. Samlple checks have 
revealed a more profitahbl costlibenefit ratio lnd 
increased internal rates of reltion (So!dara.ni 197i). 

On the other hand, the cost of physical land 
rehahililation proved to he heyonI hw reiich of the 

average farmer. Continuing and broidening rehabili
tation efforts will require heavy suhsidies. 

Besides the physicial aspects, there hons the 
danger of overpopulation oil Java. Consequently, 

land-nan ratio will he (h:reasing helov' the mini
mum carrying capacity. Tra nsm igratin has not been 
able to cope vith the overpiulation prtli:lti. l)lpu
lation increase on Java is roughly 2 million a yt'ir. 
whereas in the past, transm igralitm through govern
ment chann(els prtove(d capabhe of moving only an 
average of 25 000 people annually. 

In conclusion, a collision course still prevails 
between lln-rmade poverty by way of erosion and 
the need for a better quality of life through land 

rehabilitation and development. 

Diojohadikustino, S. 19176. Perspektif periokonomiarn Inhonsia 
lakarta.tahun 19115. Sekretariat Menteri Negara Riset, 

McComh, A. L. and Zakaria, If. 1971. Soil erosion in ithe Upper 
Solo river basin. Central lava. Rinilm Indonitsit i6(1,2):20-32. 

McComb, A. L. 1973. Land ttse aid area developmenl in the 

Upper Solo rive!r tsin. Paper presented at workshop (if regionat 
development and transmigration, Solt, Ocloier. 1973. Director

ate General of Transmigration, Jakarta. 
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Rehabilitation of the Lynx Creek Watershed Degraded by
 
Past Mining Activities 
T. R. Verma, J. L.Thames and D. B. Thorud 
University of Arizona, Tucson, Arizona, USA 

Surface mining in the Southwestern United States 
is becoming increasingly important in meeting this 
nation's mineral and energy needs. New mines are 
being opened and hundreds of ha are being added 
each year to the areas already disturbed by past 
mining activities. Although reclamation is presently 
)ecoming an integral part of many active mining 

operations, a great number of the old abandoned 
mining sites remain. They inCdlode open pits, tunnels 
and shafts, mill tailings ponds, and mine dumps. 
These remnants are active sources of sediment and 
toxic mineral pollution that affect the quality of 
streams and lakes and detract from the natural 
environment of many watersheds. In many instances, 
degradation of the watersheds has resulted in heavy 
concentration of sediment and toxic pollutants in 
the runoff and has disrupted the flow and quality 
of water in several of the few streams and lakes 
in the region. 

The Lynx Creek watershed on the Prescott National 

Forest of Arizona (Fig. 1) (long 3,10 27'; lat 1/20 
23') is typi(al of many Southwestern watersheds 
degraded by past mining a(tivities. Furthermore, it 
is located in j particularly scenic area and is one 
of the not-too-n umieroiis areas of Arizona with water. 
Lynx Lake, with an area of 22 surface ha, is fed 
by the runoff from tihe Lynx Creek watershed. Recre-
ation is the major land use. The Like was created 
by at dam builIt in 1963 by the Arizona Game and 
Fish l)epartment. The aim was to provide the area 
residents with a trout fisheries lake. Aquatic life 
and recreational potential of the lake is greatly 
reluced by the water pollution problem in the 
watershed. 

The Lynx Creek watershed was the scene of intense 
mineral exploration and minimg activity during the 
first third of the 20th century. The major stream 
channels were dredged for gold. Numerous produc 
live prospects were developed throughout the wa-
tershed, the largest being the Sheldon Mine which 
included miles of underground tunnels, a processing 
mill, and a transport system. This operation left a 
large dump of mining waste and a tailings pond. 
The problem of rehabilitating this watershed is of 
particular importance to the People of the state. This 
palper discusses the results of a cooperative effort 
undertaken in the spring of 1974 by SEAM (Surface 
Environment and Mining), a USDA Forest Service 

Program to research, develop, and apply technology 
that will help maintain a quality environment and 
other surface values in the face of mining activities, 
and by the School of Renewable Natural Resources, 
University of Arizona, to analyze and remedy the 
impacts of the past mining operations within the 
Lynx Creek watershed. 

WATERSHED ENVIRONMENT 
Geography 

The Lynx Creek watershed (Fig. 1), with an area 
of about 7300 ha, is located on the Prescott National 
Forest about 8 km south of Prescott, Arizona. The 
watershed is mostly within the ponderosa pine 
ecosystem. The entire watershed is in a mountainous 
region, with creekbeds lying within the sharp ravines 
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Figure 1. Lynx Creek watershed. 
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bounded by slopes averaging 119"l,. The head of 
the watershed is on Mount Davis (2 423 m), spreading 
northward from Mount Davis, falling gradually from 
this elevation to Lynx Lake, an elevation of 1(675 
M. Mountain ridges on the east and west sites give 
the watershed a well-defined and close( surface-
water systen. Lynx Creek begins at an elevation 
of about 2 200 m and after a 13 kn course, drains 
into Lynx Lake. Major tributaries to Lynx Creek are 
shown in Fig. 1. Basalt, granite, and schist compro-
mise major portions of the bedrock. The watershed 
is transected by the Chaparral Fault. Wells drilled 
into bedrock experience excellent water yields, indi
cating widespread fracturing of the bedrock in the 
area. 

Climate 

The climate in this general region is classified 
as semi-arid with abundant precipitation occurring 
only from July through mid-September. During this 
period when moist tropical winds from the Gulf 
of Mexico dominate the area, thunderstorms develop 
almost every afternoon over the nearby mountains. 
During the rest of the growing season, precipitation 
is deficient. A rough estimate of the annual precipi-
tation, as an average for the watershed, is about 
650 mm. About 40% of the annual precipitation 
is in the form of snow. 

Soils 
The soils in this watershed are from a granite 

and schist origin with slopes ranging from 30 to 
60%. These soils are weakly developed and shallow. 
They contain variable amounts of gravel, cobble, 
stone, and rock outcrop on the surface and through-
out the profile. The texture is sandy loam to clay 
loam in the upper horizons and mostly clay in the 

lower horizons. 

Vegetation 
The dominant overstory vegetation is ponderosa 

pine (Pinus ponderosa), with Arizona white oak 
(Quercus arezonica), emory oak (Quercus emoryi), 
turbinella oak (Quercus turbinella), mountain ma
hogany (Cercocarpuspaucidentatus),and black wal-
nut (Juglans major) in the understory. Douglas fir 
(Pseudotsuga taxifolia), white fir (Abies concolor), 
and quaking aspen (Populus tremuloides) are also 
scattered in the overstory. Grasses common to the 
ponderosa pine community, as well as weeping 
lovegrass (Eragrotiscurvula), a species introduced 
to the area, are found throughout the watershed 
(Table 1). 

Abandoned Mine Spoils 
There are numerous mining claims scattered 

throughout the watershed. While few of them are 
active, many have been active at some point within 

TABLE 1. Vegetation types in the Lynx Creek
 
Watershed
 

Vgettion lpe IlecIdres vir:ionI of'lotal 

Ilondlrosa piv 3294 .15 
Chap'rral 24-12 33 
Pin yon-ju ni pr 623 9 
Open grasslmnd 221 3 
Mixed conifer 724 10 

7:304 100 

the past fifty years. Surface disturbances such as 
slides, tailings ponds, dumps, and mine shafts give 

the natural landscape scars which are characteristic 
of these short-term mining operations. The Sheldon 
Mine complex seems to be the major source of 
sediment and toxic mineral pollutants into the lake. 

The majority of solids in the Sheldon Mine tailings 
and dump consist of quartz feldspar, pyrite, sericite, 
and limonite. Assay of the tailings and dump (Table 
2) shows high amounts of heavy metals. Chemical 
analysis of the leachate (Table 3) also indicates high 
amounts of Cu, Pb, Zn, Fe, and SO. 

TABLE 2. Assay of Sheldon Mine tailings and 

dump 

Sample Source Cu Ph Zn 1' 

I'ercnt 

Dump 0.136 0.320 0.20 6.4 
Dump leached residue 0.116 0.320 0.17 6.2 
Tailings r0.088 0.086 0.22 4.2 
railings leached residue 0.016 0.086 0.14 2.5 

TABLE 3. Representative chemical analysis of 
leachate from the Sheldon Mine dump and 

tailings 

Sample 
Source pH 'lotl Solids Cu IPh Zn Fe (1, 

pprn 
Dump 3.2 22500 240 :1 6110 3200 1:1500 
Tailings 2.2 774011 820 5 23911 13111).15 1110 

Particle size distribution in the samples from the 
tailings (Table 4) indicates that about 52%}', of the 
particles are of medium sand size. The tailings have 
a very high water-retention capacity an(d are water 
saturated at a depth of 2/3 to 1 m from the surface. 
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TABLE 4. Particle size distribution in the Sheldon TABLE 5. Water quality in the Lynx Lake with 
Mine tailings increasing depth 

Size Weighl Percent of Depth 
(1m) (gins) Total (M) TDS Cu Fe Sulfates Zn 

1.98 :19.0 10 ppm 
0.99 11.0 14 0.00 1911 0.12 0.03 161) 0.04 
0.195 149.0 36 1.52. 197 0.12 0.04 158 0.04 
1.2-11 106.5 26 3.05 193 0.11 0.03 170 0.05 
0.124 3fi.5 9 4.57 192 0.10 0.01 162 0.05 
0.06 1 21.5 5 6.10 189 0.10 0.04 164 0.08 

7.62 114 0.13 0.04 157 0.06 
9.14 105 0.09 0.08 162 0.00 

Hydrology 10.67 1111t 0.09 0.08 157 0.07 
12.19 191 0.34 0.03 141 0.06 

The watershed drains into the lake through Lynx 13.72 191 0.16 0.03 145 0.07 
Creek. Stream flows are high during the spring 15.24 192 0.10 0.06 147 0.05 
stiow-inelt a0(dlduring the high rainfall period of 16.76 16 0.16 0.04 142 0.16 
July and August. Estimates of the annual water yield Average 191 0.14 0.08 157 0.07 
from the watershed vary from 5.08 x 10 cubic meters 
for Ihe ye;rs of high precipitation (Williams, 1968).
Average annuil water ,,ield is estimated at 6.96 xAverageibican. E'rsion a yied seim ates a 6.96te were based on the analysis of the samples taken 
ht)i m. Erosion and sediment rates are quite on April 15, 1969. The water pH (Table 7) increases 
high. Williams (1968) estimated that about 2900 gradually from upstream, just below the mine tail
(;lubii; i of" sediment is washed down into Lynx ings, to downstream before Lynx Creek enters the 

lake each yejr, mostly during the peak flow periods. i n to y n t er pH C ee e tet he 
causes precipitation ofSnow (:an accumulate to a depth of several feet lake. Any rise in water p 

some soluble Ci, Fe, and Zn. Therefore, water qualityand remain well into early spring. Springs dot the 
watershed, but most are of intermittent nature, flow- in the creek is somewhat improved as it enters the 

ing only after the periods of good precipitation. These 
springs contribute only a small portion of surface LYNX LA L 

runoff. 
Grondwater exists in small pockets of shallow 

alluvium deposits. Deep groun(water is not expected "-"-'__-' 
to have a significant effect oil the stream and lake. . 7 - '.. 
Water Quality-, 

Water quality in Lynx Lake has become a limiting / 1 
factor in the lake's potential for aquatic and recre
ational use Chemical analysis of the water samples 
from theske (Tabhe 5) inicates the presence of 
Cu, Zn, Fe, alnd SO, The horizontal distribution LYNX

C17 E I of the pollutants within the lake showed a decreasing 

trend from the [oint (If enitry of the creek, to the 
lowest levels near the (lam. 

I ligher acidity (low p1) of water (an bring heavy/ 

minerals into solu tion and, therefore, is a good, 
indicator of water quality. Waler pt-I measurements_. 
were taken on hand-picked samples from Lynx Creek -..- y_ 
and its tributaries (Fig. 2). The samples from the '-ND . / 
streams below the mine spoils had high water acidlity -- * Samplnq Station 
and the Sheldon Mine tailings pond and (lump were- I 
founl to he substantial pollutant sources (Table 6). 5 0" p ,Value 

tFlhehe and Wilson (1969) reportedt that the tributary 
above the Sheldon Mine tailings pond coitributed 
less than 1.2 gin /day each of Cu, Fe, and Zn. 
However, below the tailings pond the tributary water 
was carrying 100 gm/day of Zn. Their calculations Figure 2. Lynx Creek watershed. 
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REVEGETATION OF STEEP OUT"ER SLOPES 

cover that resulted in very good erosion control. 
Tufcote Bermudagrass did not become well (!still)-

lished at this location. The surface spoil around the 
plants eroded during heavy rains a few weeks after 
the sprigs were transplanted, leaving the propagat-
ing rhizomes too close to the spoil surface. During 
the winter of 1974-75, many of these exposed plants 
were lost to freezing on the northern exposure. Some 
recovery occurred during the spring of 1975. The 
kill during the following winter was attributed to 
lack of adequate snow cover to insulate the rhizones. 
We observed, however, that although the Bermuda-
grass was dead, the plants still provided groundcover 
and the rhizomes still held the spoil in place. 
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DISCUSSION 
D. Hensley (Indiana, Purdue, USA). Did you mon-

and whatitor the pH afterHenslyvou applied(Idian, the lime{DidthatPudueUSA) 
was the pH after initial application? What was it 
over api afteral ars? 

o period of several years? 
Griebel, I can't give you an exact answer on these 
specitlic cites, but in cornpanion experiments the lime 

and rock 1hosphate treatments that we used W'ill 

bring the pH up to around 4.5. There is a danger 
in using lime and rock phosphate. We're assuming
there is enough acidity in the soil to convert the 

rock phosphate to a soluble form which can be used. 
If you raise the pH much beyond 4.5 you will decrease 
this. This is why o 11ntge tnnices 
yield when you go high on rock phosphate because 
there is only so much soluble and this is when you 
keep the pH about 4.5. We have done other studies 
and have determined that in a couple of years after 
turf is there, when you begin to huild organic matter, 
the pH can go up to around 6. But ve also find 
that the p1, does not change beneath the place where 

we have put our amendments. In other words, the 

lime and rock phosphate are not moving down anu], 

like I said, these experiments took place in 1971 

and they still look just as pretty now as they did 

then. 

Griebel. I think in the case of any legume this would 
be true, However, crownvetch is one of our beler 
plants and we've got it three feet tall down on Bolt 
Mountain; it was put there in 1970. So, again we 
can't answer. We know it's been there at least six 
years, and it's still doing very well. 
H. F. Massey (Kentucky, USA). As you know, dif
ferent sources of rock phosphate vary a great deal 
in their availability and I wonder if you had informa
tion on the source of the rock phosphate that you 
used? 
Griebel. The source has been from the Texas (;ulf 
Sulfur Company in Aurora, N.C. 

Co inA N.. make:anyR.R.SlfuSingb (Westean Virginia,a,USA). Did you 

measurements on yield after 1972 between the rock 

'phosphate plots and th se where you applied super

phosphate. Was there aty decline illi,- yield where 
you applied the superphosphate conpared to the 

rock phosphate? 

Griebel. We observed them every year. Ilowvver, 

we have not taken yield measurements since 1972. 
There is a gradual (ecline and. like I say, where 
you have c(rownvetch it's going to crowd out every

thing else and take over. 'lhe birdsfoot trefoil does 
not seem to inc;rease in dimension, but it stays there. 
It's not as pretty as it woull he in more ideal 
conditions but at least it's there and it , doing its 
job. Again the problem we faced ill 1970-71: Can 
we get something to grow? These were tilt questions 
ta weevr:aseigwere answer ig. Hlaving answered h~-aigas(r~ themi 
many times, we moved on to other things. So. we 
have not checked the yields. but the plants are still 
there. 

Singh. [)idl you apply the superphosphate and the 
lime together? 

Griebel. Yes, the superphosphate and the time and 
the seed-it may all be done on the same day.

Singh. So, what you have done is convert the solper

phosphate to rock phosphate.
 

Griebel. Well, actually it works the other wvay

around. You see, in the process of makinrg super
phosphate you take the rock phosphate and acid ulate
 
it, usually with sulfuric acid or something like that,
 
and you'll make the superphosphate from the rock
 
phosphate. We feel there's enough sulfuric acid in
 
the spoil to do this job for us.
 

Singh. But, I'm talking about tilt superphosphate
 
when you put it with the lime. You put the lime
 

on the top of where you're putting a superphosphate.
 
So the reaction solubility of superphosphate de
creases.
 
Griebel. Yes, I understand.
 

Hensley. I was asking primarily due to the crown- j. Bennett (West Virginia, USA). Crownvetch is one 

vetch. Some of the work on this indicated it did of the most beautiful covers that we've found that 

better as pH approached neutrality, will grow onl a roadlank. It makes a cover for 
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prevention of erosion, but in your Particular land other words, they're going to seed, being reseeded, 
use or productive use, what do you foresee coming an( coming up from the crowns every year and 
in to replace the crownvetch? nothing can grow in their shade. 

Griehel. Idon't know. It would take a very (:ompeti- Bennett. How about trees? 
live grass or legume because the original (crown- Griebel. By mistake, someone sprayed locust seeds 
vetch) plots that we put in southern West Virginia on our plots in ,outhern West Virginia and they
about 1970, 1971, and 1972 now occupy an area took off very wcUl. So, locust trees will do very well. 
200 to 300'% the size of the original planting. In But as to other species, I can't answer your question. 

88.
 
Planning Criteria and Use of Highly Disturbed Soils*
 
A. A. Sobek, R. M. Smith, and T. Arkle, Jr.
 
West Virginia University, Morgantown, West Virginia, USA
 

Surface mining of coal in the hill lands of West Geological and soil reconnaissance consists of a 
Virginia has been responsible for the creation of review of information from private, state, and federal 
some new level lands. In places such as West sources. Available information is generally confined 
Virginia, level land is a precious commodity; there- to modern standard soil surveys, geological or soil 
fore, advan(ced planning of the mining operation association maps, physical and mineralogical de
hased on reliable measurements of overburden scriptions of rock units, chemical analyses of coals, 
properties is needed. After the mining operation is location of underground mines, surface mines, and
completed, lh dislurbed soils (:an he classified by coal prospects. Collection and analysis of selected 
properties (Sencindiver, 1977; Delp, 1975). Also, dominant soil profiles and rock units of prospective
short- and long-rang e managerment of disturbed soils overburden materials may offer early clues to future 
:an he easily ac com)lished after mapping units are land use and reclamation opportunities.

(Aefined. Delineation of the physical and chemical relation-
ADVANCE PLANNING ships of overburden materials and associated coals

is depicted by construction of generalized cross 
Planning itsurface iniie involves using available sections similar to those in northern West Virginia

geologic: maps anti detailed exploration to estimate and western Maryland as illustrated in EPA reports
coal reserves. A three-step approach including over- 670/2-74-070 (Smith et al., 1974) and 600/2-76-184
burden analysis is suggested for the study of over- (Smith el ,'4., 1976). Sampling of correlative rock 
hurden materials during investigation of the feasibil- units c;an usually he obtained at exposures, aban
ity of development of a surface mine: doned and active surface mines, or from drill cuttings 

1. Geological and soil reconnaissance. aInd cores along or acdjacent to the line of cross section 
2. Regional study of physical and chenmical inareas of contour stripping. Cores and highwalls 

properties of soil profiles and rock units of overbur- of active strip mines are usually the only sources 
den materials as well as underlying coals. of samples in environs of area stripping, often coy

3. Detailed analyses of appropriate samples to ered with unconsolidated deposits, e.g., loess, glacial 
determine important physical and chemical charac- till, and outwash. 
leristics of soil horizons and rock units of overburden The third-step in this system has become extremely 
at promising sites. important because the public in the United States, 

ancl possibly worldwide, has decided that extremely 
acid soils (pH less than 4.0) and hiotoxic waters1i tIhlistwd wih the approval of the lirector of the West Virginia from earth (listurbance activities are not acceptable.Agrimui lm I.;xlrrimnion Stalion as Sm:ionlijfi: Artich: No. 1451.IAghicuwor wasperimntia Sptt Srie ie 145as Art~ N.This work was patlly supplrhd by the I':nvironnmitl Irotvc- 1'his is the reason for using an acid-base account, 

lion Agexlcy.The ideas andtconluhsions are those of the aorlhors designed to assure against acid-induced toxic dis
and not necessarily those.of IPA. turbed soils, as the overriding criterion to be consid
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ered before mining or other earth disturbance activi-
ties. A base-acid balance has been used successfully 
in East Gelmany to estimate the amount of alkaline 
fly ash needed for neutralization of acid-toxic spoil 
(Knabe, 1973), The German approach has been to 
determine total basic cations (calciun, magnesium, 
potassium, anmonium, and sodium) vs total strong 
acid anions (mostly sulfate but also chloride when 
present). Identical measurements could be applied 
in the eastern and midwestern United States, but 
it is simpler, cheaper, an(i equally satisfactory to 
determine total calcium carbonate equivalent 
immediately titratable acid plus potential maxin 
strong acid calculated from total or pyritic sulfur 
(the West Virginia approach). In either the German 
approach or the West Virginia approach, the idea 

is to assure a soil and water medium near neutrality 

and to prevent the p1H from dropping below 4.0. 

which we have chosen to consider isa toxic level. 

The basis for toxicity, of t:ourse, varies, but aluminum 

and iron are so abundant in nature that these soluble 

elements occur at toxic or near toxic levels whenever 

the pH reaches 4.0 or lower, regardless of whether 

CLASSIFYING DISTURBED SOILS 

mining, the young miie soils are ap-Following basedpropriate for classification on properties. The 

mapping of such classes and recognition of practical 

mine soil phases is simplified by having good ad-

vance information about overburden materials and 

their placement during mining. Short-term treat
ments and long-range managerent follow conven-
tional patterns as soon as mine soil mapping units 
have been defined, as is now being done in West 
Virginia (E. Wright, personal communication) and 
Ohio (N. Rubel, personal communication). 

The present definitions of disturbed soils classes 
and mappable units reject the idea that such soils 
are too variable for separation into any kind of 
meaningful units. At the same time, the approach 
in West Virginia emphasizes that feasible mapping 
units often will include a degree of profile disorder 
and a range of certain properties in excess of ac-
ceptable limits for conventional soil series definpi
tions. This is the reason for suggesting general soil 

at the family lhevel ofclassification and mapping 
taxonomy, which does not in any way restrict further 

refinement into series wherever series criteria can 
be satisfied. Yet, emphasis on the family level, which 
is widely accepted as the highest pragmatic level 
in the scheme of modern scientific soil taxonomy, 
tends to prevent the frustrations felt by advocates 
of detailed homogeneity when faced with lateral and 
vertical changes in color, texture, and layering that 
violate common concepts of the soil series. Such 
variations are normal in many man-made soils be-
cause of placement practices. They do not ordinarily 

conflict with family definitions that have been 
worked out and tested throughout the Appalachian 
and midwestern United States. It is the profile details 
inherent to normal soil series definitions that would 
result in an unwieldy number and complexity (f 
units if accepted as the basis for mapping. 

SPECIAL PROPERTIES OF SPOLENTS 
Studies in West Virginia (Sith H al., 1974, 1976) 

ftrdiemnt o i,ighly ited 94,19s
 
inr placement of all highly disturbe(l minesoils 
in one soil order-Ent isols. These are soiIs woita little 
dfmor no pedogeni horizona t ion, except a odertely 
differentiated horizon bi. ()rnear the surface where 
weathering and initial biological activity are intense. 
Other apparent horizons, in the absence of a high 

water table, represent original manipulation and 

placement more than post-placement processes. 

Such layers lack the stratification typical of water
laid deposits. They include itwide range of pai ticle 

sizes as well as pockets anti lenses of contrasting 
or foreign rocksmaterials, hut they lack the erratics 

found in glacial deposits. 
Since none of the present suborders of Entisols 

are designed to accommodate man-mlade soils, a new 

suborder of Spolents has been defined. Spolents have 

the properties of Orthents, plus at least three addi
tional properties, out of nine special properties, that 

convey more information about the nature of man

made soils. These properties and their direct or 

implied significance are: 

Disordered Coarse Fragments 
If coarse fragments constitute at least 101% of the 

voltime of the c:ontrol section (25 to 100 cm depth 
in the profile), they are disordered such that more 
than 50% will have their long axis at an angle of 
at least 10% relative to any plane in the profile. 
The test for disorder should exclude fragments with 
longest diameter less than 2 cm or greater than 25 
cm and should be based on numbers of coarse 
fragments rather than volume. The disorder of coarse 
fragments provides assurance against extremely dif
ferent perviousness inany direction inthe profile.
 

Color Mottling Without Regard to Depth or 
Spacing in the Profile 

The mottling involves color differences of at least 
two color chips in; the standar(d Munsell soil color 
charts. This mottling occurs among fines as well 
as within coarse fragments or between fines and 
coarse fragments. Mottling, as described, indicates 
contact between chemically contrasting materials. 
This may either be desirable or undesirable depend
ing on the chemical action involved. Mottling is 
most prominent in soils containing appreciable ex
tremely acid material. 
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Splintery Edges on Fissile Coarse Fragments 
If coarse fragments are fissile, the edges are frayed 

or splintery rather than smooth. Frayed or splintery 
edges of fissile coarse fragments often shelter voids 
coarser than textural porosity, and such edges are 
physically weak against any physical weathering 
process. 

Bridging Voids 
Coarse fragments bridging across voids as a result 

of placement of materials leave discontinuous, irreg-
ular pores larger than textural porosity. Such voids 
are p r'(sent consistently but vary in frequency, prom
inence, anti size. Bridging voids may seriously re-
duce unsaturated flow of water. They may result 
in more water being retained under low tension, 
and they may help prevent excess compaction. When 
large rocks are involved, they may cause or contribute 
to sinks or depressions in soil surfaces. 

Thin Surface Horizon Higher in Fines 

A thin, near-su'face horizon,often immediately
below a surface pavwement of coarse fragments, con-
tains a higher percentage of fines (less than 2 mm) 
than any other horizon in the profile to the bottom 
of the (:ontrol section (25 to 100 cm depth in the 
profile). This horizon ranges from 2.5 to 10 cm thick 
in most minesoils, but it may be thicker in minesoils 
that have been "topsoiled" or manipulated inten-
sively. These horizons with more fines usually (onl-
tribute to better seedlbeds and retention of moisture 
near the surface: however, they may be subject to 
serious erosion on steel) slopes unless protected by 
coarse fragments, mnulch, or goodI vegetative groun(d 
coyer. 

Local Pockets of Dissimilar Material 
Local pockets of dissimilar materials, excluding 

single coarse fragments, may range from 7.6 to 100 
cm in horizontal diameter. These pockets have no 
lateral continuity and are ithe result of the original 
placement of materials and not of post-depositional 
processes. They may differ from the surrounding 
material in color (two or more Munsell color (:hips), 
soil textural or parlicle-size class, dominant rock 
type constituting the coarse fragments, or in moisture 
retention. Pockets of contrasting materials can con-
tribute needed nutrients or toxic elements. 

Presence of Artifacts Within the Profile 

This includes plastics, glass, paper, metal, tires, 
logs, etc. Artifacts provide confirmation of man-made 
origin, especially in cases where soils are similar 
to other Entisols. These foreign materials can con-
tribute either nutrients or toxins and can alter water 
or air relations. 

Carbolithic Coarse Fragments in 
Noncarbolithic Classes 

These coarse fragments, which are usually asso
ciated with a coal horizon, are found in the profile 
because of moving and mixing of overburden mate
rials. Whenever carbolithic fragments (rocks that 
have a color value of less than 3 when powdered) 
are present, they may be centers of pyritic weathering 
or release of nutrients or toxins associated with coal 
or carbon. 

Irregular Distribution of Oxidizable Carbon with 
Depth in the Profile 

This irregular distribution is due to the mixing 
of over-burden materials. Both recent and geologi
cally old carbon compounds are involved. This 
property helps identify Spolents in questionable 
cases, especially when coarse fragments are sparse 
or absent. This property can mean that there will 
be more centers of nutrients deep in the soil profile 
and less concentration of organic-related properties 
near the surface. 

It is not our intent to discuss details of suggested
Spolent classes at the great group, subgroup, and 
family levels since this has been (lone elsewhere 
(Smith et al., 1976: Sencindiver, 1977; Delp, 1975). 
It should be sufficient to indicate that two great 
groups of Spolents are suggested, based on moisture 
regimes. Under the humid great group, nine sub
groups have been defined. They are based on rock 
types, except for the matric subgroup which has 
less than 10% coarse fragments (by volume) in the 
control section. This subgroup occurs where bedrock 
weathers very rapidly or where the overburden 
consists of unconsolidated and essentially stone-free, 
wind-blown, or water-laid sediments. It is a more 

common subgroup in parts of the midwc stern United 
States and in parts of Europe. A need for lithic 
subgroups (less than 50 cm to bedrock) is anticipated, 
as well as subgroups with impeded drainage. Such 
subgroups have not been specified precisely because 
of their apparently limited significance, at least in 
the Appalachian and midwestern states of the United 
States. 

Family criteria in Soil Taxononmy (USDA-SCS, 
1975) include texture, dominant mineralogy, reac
tion at the top of the control section (four classes), 
and soil temperature regime (all mesic in West 
Virginia). 

FAMILY PHASES AND MAPPING UNITS 

Complex landscape patterns are not uncommon 
in detailed mapping of undisturbed soils or rocks. 
The degree to which homogeneity of units can be 
achieved in practice is highly variable and sometimes 
difficult to establish. It depends on the properties 
considered and the allowable range in each as much 
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as it depends on the blanket vs ribbon, pol, or 
channel nature of the rock or soil bodies. Since 
minesoils like young glacial till reflect mass place-
ment rather than surface climatic, vegetation, and 
topographic patterns, it is inevitable that objects will 
come to rest together having unlike or contrasting 
physical and chemical properties. The degree of 
contrast will depend on the nature of the soil and 
rock materials being disturbed as well as methods 
use(I; however, the general characteristic of dif-
ference caused by placement is normal rather than 
exceptional. A certain detailed non-homogeneity, 
therefore, characterizes and defines all minesoils or 
Spolents. At the same time, it should be understood 
that this lack of detailed honogeneity does not in 
any way prevent Spolent bodies from falling within 
reasonable limits of important properties that can 
be recognized ant1 mapped. These are the properties 
used at the family and higher levels of the soil 
taxonomic system. 

Detailed properties reflecting non-homogeneity of 
placement would be considered more seriously in 
soil series definitions, which we are not using at 
this time. Rather, the classification scheme being 
advanced concentrates on practical properties below 
the family level only when these proptlrties influence 
strongly or control local land treatment and manage-
ment. If mappable, these low level but highly impor-
tant properties should follow accepted terminology 
and be designated as phases of families or as variants 
outside the limits of the family definition. If not 
mappable at the scale being use] and within limita-
tions of time available -or mapping, such properties 
should he handled by detailed descriptions of the 
usable mapping units. 

In general, the need for the definitions of phases 
and variants will be decided locally but should be 
reviewed to assure against unnecessary conflict with 
broad perspectives of the National Cooperative Soil 
Survey or with Soil Taxonomy (IJSDA-SCS, 1975). 

Examples of needed phases would be: steep slope: 
stony; mollic surface: loamy surface: and fly ash 
surface. Each of these phases might strongly infll-
ence land use by interaction with the local situation. 
Steep 	slope andi stony might both occur together, 


constituting one steep slope and stony phase. A 
mollic, loamy, or fly ash surface phase might provite 
a useful indication of land suitable for plowing. 
Mollic, in addition, would imply the generally desir-
able surface physical and chemical properties of the 
mollic epipedon. Neutral, alkaline, or acidt designa-
tions might be combined with other surface horizon 
phases when appropriate, especially where surface 
reaction contrasts with reaction of the control sec-
tion. tion.Print. 

Recently, some observations have suggested that 

rock type variations within the typic subgroup can 
be excessively broad. If it should appear feasible 

to map finer distinctions in rock types, this could 
be handled by designating phases. We would recoin
mend retention of typic as a broad subgroup because 
it is well known that situations are common where 
proportions of different rock types vary widely with
in short distances. Mapping at the subgroup level, 
therefore, might be extremely dIifficult if finer dis
tinctions were required. At the level of phases of 
families, on the other hand, it would be reasonahle 
to make finer lo(cal separations to satisfy some practi
cal objective: for example, a typic subgroup with 
sandstone phase to distinguish it from a limestone 
phase where the most abundant coarse fragment was 
limestone. Before making such phase distinctions, 
it should be reciilled that texture, pf-1, and mineralogy 
at the family level might provide essentially the same 
demarcation, possibly making the proposed phases 
unnecessary. But if the phase could be nal)ped and 
if it conveyed additional useful information, such 
a designation woulcl be appropriate with no con
founding of classification at higher levels of abstrac
tion. 

Satisfactory mapping units on the newly formed 
landscape must indicate properties and suitability 
for particular management and use. Since the map
ping units encompass major properties, they provide 
a basis for teveloping improved precision from 
research and experiences. New or improved in
formation can he transferred onto similar minesoils 
by means of consistent mapping. The normal range 
of properties within family definitions indicates 
limitations to be expectel when transferring data 
within a particular family or phase of family. Estab
lished mappable units represent a major step forward 
from the situation where all highly tlisturbed soils 
were lumped together under such terms as spoils 
or wastes. 
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Sobk. A. A., Smith, R. M., Schuller, W. A., and Freeman, 1. out that pyritic materials aren't generally concentratR.1!)77.1'ithlld~lnIner;itoryn thods applicabletooverburde s ed in just one particular rock type. Usually whatdii mIsfl l-A'A-6oo/2711.O54. T we've found has'oi)s. Springfield, VA: Nt. been that as you approached theIfo.S-vice. coal seam, going from surface downward through 
the overburden, sulfur content and pyritic sulfur 
content increases until it reaches a maximum at the 
coal seam. However, again I have to stress this, we 

DISCUSSION found that in many instances regardless of the 
amount of pyritic material that's been in each partic-T. Bradshaw (Liverpool, England). I'm not sure ular rock type-each rock type ha3 contained enough

whether you included amounts of pyrite in your neutralizers or base to take care of the acidity thatclassification. I would have thought that, from a would be produced by the oxidation of those pyrites.
biological point of view, such was more important In many instances the amount of bases overwhelms
than anything else in relation to soil levelopment. the amount of acidity that can he produced by the 
Sobek. We're including effects of pyrite, the reac- complete oxidation of the pyrites present.
lion, the p11, as to what category the soil is going W. Armiger (Maryland, USA). It seems to me thatinto. IHowever, the public in the United States is we've got a lot of the orphan mine spoils around 
no longer going to tolerate acid mine soils; therefore, that do contain pyritic; material close enough to thethe amo tnt of pyrite is considered in the pre-plan- surface to be of interest and even though there mayning phase. The rock type containing the most pyrite be calcareousenough material in the profile tois eliminated from the soil profile. In other words, neutralize the pyrite as it acidifies, this still has
the overburden is considered before stripping begins an awful lot to do with the types of reactions thatan(l the J)rolbltm is eliminated before the earth is are going on in there-the salts that are going tomoved because undler West Virginia's control place- be produced. A weathering material that has pyritement system the highly pyritic materials are either in it producing acids, even though there may be
buried or blended with neutralizers, calcareous enough calcium-magnesium carbonate in there toshales, or limestones to alleviate that piroblem. neutralize them, is quite a different thing from one 
Bradshaw. I micant in soil classification, that doesn't have either the pyrite or the calcareous 
Sobek. At the family level-that could be a phase. material in it. 
It could be classified as a phase if there were highly Sobek. First of all, the classification system of soil
pyritic materials left within the soluin of the minesoil taxonomy is based on the control section which is 
profile but we haven't run across any. 10 to 40 inches. One of the reasons that it was put
0. L. Bennett (West Virginia, USA). The answer at that depth was the fact that this is the zone that
right now is they do not. is going to dictate long-term usage. Starting at a 
F. Glover (West Virginia, USA). Could pyritic mate- 10-inch depth from the surface, this area is not goingto be as rapidly affected by weathering or Inanipula
rials be included in a classification level of rock tion of the surface. Most of the weathering effectstype' of pyrite that could influence classification are going
Sobek. It could. However, in the past six or seven to take place at the contact of the atmosphere with years we haven't found that it needed to le in- unweathered minerals and this would be mappedclihed in definition of rock type because we found out as a phase if it became that important. 
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89. 
Reclamation of Mined Hill Land-
Management Factor Interactions 
W. E. Grube, Jr.
 

Environmental Protection Agency, Cincinnati, Ohio, USA
 

According to figures compiled by the USDA Soil 
as of the beginning of 1974,Conservation Service, 

ha of land have been disturbed byover 763000 
surface mining in eight Appalachian states. This 

region is dominated by mountains and hills of 

varying slope, extent, and elevation. It is humid, 

with yearly rainfall averages between 1 000 and 1 500 

mm. 
The greatest proportion of mining by far is for 

coal. Because of the rolling-to-steep terrain, nearly 
strip mining. Inall surface mining is by contour 

this system, overburden is removed from the coal 

seam, starting at the outcrop and proceeding around 

the hillside. The cut in the earth appears its a contour 

line. After the exposed coal is removed, successive 

cuts are made back into the hillside until the over-

burden depth becomes too great for economic recov-

ery. The overburden is either cast down the hillside, 
or movedstacked along the outer edge of the bench, 

laterally for placement in parts of the pit from which 

coal has already been removed, 
useMajor variations of this mining technique in 

throughout eastern mountainous regions of the U.S. 

include "mountain top removal." by which the 

overburden material is moved laterally and used to 

fill in nearby depressions; and the "valley fill" 

technique, where overburden material is deposited 

in the head of a cove, in effect shortening the 
no profit involvedassociated valley. Since there is 

in movement of the overburden material, it is com-

mon practice to move it and grade the material into 

final place only to the minimum extent necessary 

to enable compliance with statutes regulating recla-

mation of the mined land. These laws vary from 

state to state within the Appalachian region, but 

all states have requirements that provide for a mini-

mizing of erosional loss of excavated overburden 

material, for complete vegeta'ive cover of the mined 

land before state-held bond monies are released, and 

for variable specifications relating final site topogra-

phy to the intended future land use and to pleasing 

aesthetic appearance. Details of the various surface 
mining methods are described by Grim and Hill 

(1974). 
In addition to consistently hilly topography, both 

before and after surface mining, this region is under-

lain by a variety of geologic deposits ranging from 

mudstones, withsandstones through shales and 
relatively purevarious characteristics grading from 

argillites to highly carbonaceous, and limestones 

varying from impure to metallurgical grade. The 
of sedipurity and occurrence of this complement 

mentary rocks varies both laterally and vertically 

throughout the region. A few widespread and readily 

recognizable beds allow geologic correliation with 

a good degree of certainty. The three-dimensional 

variability of rock types and coincident properties 

are evident from exposure by surface mining opera

tions. 
the foundation forThe excavated materials form 

man-made landscapes and comprise the )arent ma

new soils which will develop on minedterials of 
lands. Studies of the chemical and physical proper

ties of overburden materials have led to the develop

ment of procedures for characterizing the various 

strata with respect to their degree of toxicity or 

favorability for placement after excavation to provide 

the best soil-forming medium, plant growth mediuiin, 

and most stable landscape. Grube et al. (1973) and 

Smith et al. (1974) demonstrate the use of criteria 

for determining whether a section of coal overburden 

contains potentially toxic amounts of acid-producing 
minerals. These techniques are currently in use by 

many surface mining companies. 
Investigations of the survival of plant species and 

varieties when established on mined land hitv( been 
by the USDA for many years. Althoughcarried out 

many studies were directed toward reclamation of 

acidic soils, primarily those with p1l below 4 or 

5, results of the numerous planting trials provided 

an insight into the adaptability of many plant spepcies 

to soil conditions in which many agronomists woul 

have predicted failure. These soil-plant studies have 

resulted in the publication of many intra-agency 
reports by experienent stations, IJSDA Soil Conser

vation Service, U.S. Forest Service, and oilther organi

zations providing recomnendations for species se

lection and planting technique in disturbed soils 

in various localities. A recent survey by Donovan 
et al. (1976) documents the utilization of many 

different species for the vegetation of mined land 

and tailings and includes nearly 500 references. 
A seedbed needs to he prepared in order to estah

lish nearly every type of plant. This is usually carried 
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out by mechanical disturbance or smoothing of the 
soil surface to depths up to several decimeters. The 
exact nature of the seedbed required ;.-, determined 
by the plant ccover desiretd. The fi.ii'l -rading of a 
backfilled, mined area can usually be made to ap-
proximate a preparel seedbed, hence minimizing 
the amomunt of intensive labor required. 

The type of planting equipment an(l techniques 
needs to be considered when selecting the final slope 
which will he acceptable. For example, if agricultural 
machinery is I,) be used, the final graded surface 
should be free of slone fragments larger than about 
20 cm in the tillage depth. This stone-free require-
mritn could be motified if the surface of the minesoil 
is composed (Cf friabte rock materials that easily break 
when tilled. It is important that the final surface 
grading does not excessively compact the soil to 
be seeded. If there is reasonable expectation that 
there will be surface traffic before planting, easily 
compacted earth materials should not be backfilled 
at the surface. 

After elimnination of obvious toxic materials, an 
evaluation of the overburden section should lead 
to selection .)f material from strata that have the 
moist desirable physical and chemical properties for 
plants. Overburden movement and placement should 
be planned so these (hesirabtle materials ultimately 
become the backfilled and regraded minesoil surface. 
In regions where fertile gray or dark materials are 
selected, consideration needs to be given whether 
such material will create adverse microclimate for 
young plants if placed on sloping southern-facing 
parts of the mined area. Oi such sites, other light-
colored earth materials, which may not be as favor-
ablh in other properties, may provide the best assur-
ance of plant success. Alternatives to be consi(lered 
include whether amendments, either light-colored 
mulc:hes applied to dark soil surfaces or )hysical 
and :hemical amendments to less desirable light-
colored materials, may be a more efficient way to 
modify single disadlvantages to placemntt of a spe-
cific material oin certain parts of the regraded area. 

Smooth seedbeo preparation should hie discour-
aged. There (can IC!no justification for such met icu-
hbus workmanship either from an economic, aesthe-
tim, or conservation viewpoint. Particularly on slop-
ing areas, rainfall will easily renove the fine soil 
partic:les which are essential foir all aspects of plant 
survi vat l'he disadvantages of soil rosion are olivi-
Otus and will not be discussed further here. Any 
aesthetic reasons for smooth surfaces canrIe dis-
countel witl the not ation that, except in flood-irri-
gated fielids, no agriculturally tilted land area is 
graled to extreme smoothness; even the vast grain 
fields (f tlit p lains states are developed with small 
ridges of up to 10 or '15 (cm height. Ridges of this 
magnitudie art r reduced significantly after a few 
storms. Mining economy and soil conservation con-
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siderations demand the maximum allowable surface 
roughness of the backfilled area to suit the proposed 
future land use and immediate plant establishment 
techniques. 

Many of the natural properties of minesoil surface 
materials can be altered to effect improved chances 
for reclamnation success iiy the addition of physical 
and chemical soil amendments. Lime is commonly 
applied where soil tests show that the high acidity 
may (ause low plant nutrient availability or high 
solubility of plant-toxic elements. Agricultural lime 
is, therefore, an amendment of widely recognized 
value and use. Fertilizers are added where soil test 
results, or in many cases tradition or empirical 
success show that additional plant nutrient elements 
need to be applie(d to support the desired plant cover 
on the recaimed area. It is not yet widely recognized 
that some sedimentary rock strata overlying Appa
lachian coal seams are relatively richer in essential 
plant nutrient elements than neighboring strata. 
Evaluation of the nutrient element supply, both 
short-term and long-term availability, and selection 
of richer strata, maintaining consideration of other 
properties such as potential toxicities, rock fragment 
breakdown rate, ultimate particle sizes, etc., can 
provide minesoils in some areas that will have a 
relatively low fertilizer-maintenance requirement for 
many of the types of plants selected for revegetation. 
Again, plant species can be selected, within ranges, 
for tolerance to minimal maintenance fertilization 
if there is no other severe restriction dictating species 
choice. 

A mulch has been defined as,"A natural or artificial 
layer of plant residue o, other materials placed on 
the soil surface to protect seeds, to prevent blowing, 
to retain soil moisture, to curtail erosion, and to 
modify soil temperature" (Council, 1974). The mate
rials used for mulching effect have varied widely. 
The value of these amendments in modifying the 
minesoil surface until the expected vegetation has 
reached a significant degree of thrift and ground 
cover is still not recognized by many mine operators 
and revegetation advisers. Favorable effects provided 
by simple expedients, such as hay mulch, can en
hance reclamation of steel) slopes, improve poorly 
prepared seedbeds, stabilize soil surface materials, 
modify soils receiving large amounts of solar ra dia
tion, and absorb the impact of severe rainfall so 
that young plants can develop to a point where they 
are capable of surviving in the new soil and land
scape. Successful revegetation can frequently be 
enhanced by spot treatment with amiendments. If 
an area generally possesses favorable characteristics 
except for isolated embankments, (lark soils, aspect, 
or poorer surface physical properties, such spots 
should receive individual treatment, rather than 
following a uiniform prescription over a certain 
contracted acreage. Spots with atypical properties 
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need to be recognized by revegetation planners even 
though regrading or topsoiling practices have been 
intended to result in uniformity over the entire area 
to be revegetated. Porous soil materials with poten-
tially poor waterholding characteristics may be im-
proved by both topsoiling and heavy mulch applica-
tions, followed by selection of species having exten-
sive root systems to gather sparse soil water, 

Bennett (1971) observed that crownvetch, birdsfoot 
trefoil, bluegrass, fescue, and Bermuda grass on 
30-35% south-facing slopes started spring growth 
at least three weeks earlier than on 30-35% north-
facing slopes at Morgantown, West Virginia (lat itude 
400 N, altitude 320 m).He also found that to depths 
of 60 cm in a Gilpin silt loam ('ypic Hapluult) 
the average amount of av.ailable soil moisture 
throughout the growing season on the north-facing 
slope was about twice that found in the soil on 
the south-facing slope. 

He observed temperature differences of more than 
230 C between northern and southern exposures of 
bare soil. Te soil surface on southern exposures 
exceeded 51: C several times during summer months 
and reached a high of 62' C. Nlid-winter inaxi mum 
soil surface temperatures were up to 17' C higher 
on southern exposures. Soil temperature maxima at 
depths of 2.5 and 7.6 cm were similar to so~il surfa(:e 
temperatures. Lee (1975) and Deely (1970) have 
shown the high soil surface temperat tires that may 
be reached on minesoil surfaces composed of various 
rock types. Their data show that high temperat tires
lethal to plant seedlings are readily attained by dark 

soil surfaces on mined lands, 
Fig. 1 presents the importance of interactions 

between pairs of factors often considered singly in 
a mined land reclamation plan. This chart shows 
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Figure 1. Significance of interactions among edaphic, climatic 
and biological parameters inassuring reclamation success. 

that physical properties of the minesoil, erodibility 
of the soil, plant species, and slope are the most 
common factors that interact with others to result 
in low revegetation success. 

Minesoil physical properties directly influence 
soil erodibility; the latter becomes more intense with 
increasing slope gradient and increasing length of 
slope. The heat-absorbing capability of a mined land 
surface tepends on the thermal absorptive and con
ductive properties of the surficial materials and their 
placement with respect to solar radiation. This sug
gests that dark refuse materials he placed on north
facing slopes and lightest colorel materials be re
served for south an(I wvest slopes, or consideration 
of topsoiling or heavy mulching of slopes that could 
be expectel to bl(com-re fatally hot on summer days. 
As slope inclination increases, coarse soil and rock 
fragments should he placed on the land surface to 
retard erosion. Fine-texttored soils shoul be moved 
to the more level section of the site during final 
grading. Long slopes, over a few tens of meters. 
should contain rock fragments that will tie in soil 
materials to ininiinize downslope slippage; clayey 
overburden materials must not he used in the basal 
part of a constructed long slople. If the regional 
climate includes short, high-intensity piecipitation 
of generally seasonal nature, the backfilling and 
regraling operatio ns shotul be planned to produce 
the least crodible surfaices between the time of year 
of final grading anid the ttie when vegetation com
pletely covers the soil. Tbis implies that a standard
grading technique should not he used: final grading 

should promote the type of land surface that is 
needed for immediate erosion minimization ancI 
ultimate land utilization. 

Drought tolerant plant species need to I)e selected 
for coarse text ured mi nesoils thai may develop severe 
moisture stress. Surfaces that appear to he composel 

of rock fragments usually contain sufficient 
soil-sized parti:les between coarse fragments to

plant growth; evwen onl very steep} slopes, Seeds 

and seedling can become established if sufficient 
rock mulch is present to prevent massive erosion. 

coarse fragments are prevalent onl the final 
surface, seedbed preparalion may be mini

mrl.a In these cases, advantage should be taken of 
naturally eroded soil on leeward sides of fragments 
for seed cover; coarse mulch materials can lrovide 

protection until the emerging Ilant (;an fend 
itself. Where broadcast or hydroseeding isprac

ticeA, overspreading mulch or surface roughening 
with rugged equipment is necessary unless plant 
species which establish froim surface seed placement 
are being used. 

Erodilbility m ay he more im portant on w indw ard 
sides of major topographic features. Iocal slope 
aspect should be c;onsilered if advantage can be 
gained from long-term accumulation of eroded soil 
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on the leeward side of microtopographic highs. The natural meteorological interactions with land 
Materials that readily fragment into silt and finer slope are primarily related to the direct effect of 
sizes should be reservel for shallow slopes, with rainfall and the indirect effect of microclimate due 
larger fragments and rnore resistant types )laced to variation in slope gradient and slope aspect. The 
on the steepest slopes. Early planning of regrading latter factor has been well documented (Bennett,
should disallow long slopes of any nature; diversion 1971, and Lee el al, 1975); soil temperature is lower 
dil,:hes and other breaks in slope must be constructed and soil moisture is higher on slopes receiving less 
of resistant materials. Mi(:rotopographic regions of direct sunlight. Slope angles anri aspects receiving 
a mineJ site that c:an be expected to carry water the most sunlight have been shown to be potentially

luring locally intense storms, where these are corn- droughty and may attain plant-lethal soil surface
 

mon or'expected, should be composed of the most temperatures. These extremes are only reached when
 
resislant materials available. Plant swcies which the combination of meteorologic, topographic, and
 
develo) extensive and leep roio sy,tems should be biologic factors are additive.
 
selected for highly erodible areas until the site has Mulching materials have been long used to "tack"
 
been stabilized md the long-term planned use can seeds and fertilizers to sloping land. Further, their
 
be fully implemented. !alue in reducing erosion (especially hay or straw 
Minesoil surfaces that contain readily eroded ma- mulch) of bare soil is well recognized. These appear 

terials shoul receive minimum disturbance during to be the only two primary values assigned to 
seedbed preparation and planting, consistent with mulches. Application of mulch materials to modify 
the demanls of the seed species to be used. The the soil surface with respect to heat transfer proper
formation of a crusted surface promotes runoff of ties or seedbed improvement where the mineral soil 
rainfall, while gully development :oncentrates the may be unfavorable has not been practiced to any
forces at work in removing the soil, Where rock great extent. On hill land, a heavy application of 
fragments are few, use 
of cult ipackers, rollers, or hay mulch can aid plant establishment from several 
similar treatment of the )lan!ted area may be benefi- aspects: su rface-moist tire retention in dry seasons, 
cial. modification of heat absorbing soil and rock surfaces, 
The survival of different plant species under the mechanical protection and stabilization against ero

wide variety of environmental conditions extant on sion, entrapment of wind and water eroded particles
ninesoils has )rbl)ablybeen studied inore than, any from other areas, seed source from late-harvested 
other single factor. The many such references cited hay. and reduction of evaporation of soil moisture. 
by Donovan el al. (1976) attest to this. Substantial REFERENCES 
amounts of personal prefer,,nce have entered intoR 
major criteria of species selection. Little consider- tienneo. 0. .. 1971. Effect of slope inclination ant orientation 
ation appears to have been given thus far to plant on ileld and water use of forage species. Ph.D. dissertation, 
successional systems that research and experience Vest Virginia Univ., Morgantown. 
hove shown are at work in newly planted environ- Council for Surface Mining and Reclarnation Research in Appanachia. 1974. (;Uossatrv of surface mining and reclamation tech
nients. The nutritional requirements and micro-en- nology. Washington: National Coal Association.
 
vironmen taI fait ors most favorable to a iven species )onova n. R.P.. Fider, R.M., Rogers. 1i. It. 1976. Vegetative
*md 

are often well known. The largest errors that remain stabilizationof mineral waste heaips. EPA-(inn,'2-76-087. U.S. 
in species selection are probably on sites where the Environmental Protection Agency.Research Triangle Park. N.C. 
Iandowner opts for the passive con version to -wood- Grim, E. C. and [fill. R. D. 1974. Environmental protection in 
land," or "wildlife," and similar non-intensive uses. surface mining of coal. EPA.670/2-74-08l7. U.S. Environmental 
()n suich lands, plaints most suitable from the aspects Protection Age ncy, Cincinnati. Ohio. 
of soil aid site properties can even enhance the (;ruihe, W. E., Jr., Smith, R. M.. Siogh. R. N., and Sohek, A. 
soil and water :onserviing and wildlife supporting A 1973. Characteristics of coal overburden materialus andi

site.
properties of the,: iinnesoils in advanct! of surface mining. In Proc:,ddings of theresearch and applied technology sybnposium on in inecl.la indSlope is an inherent prioperty of minled hill lands. reclamltion, pp. 134-52. Bituminous Coal Research, Inc., 
It can Ibemodified aid manilpulated to better advan- Monroeville, Pa. 
tage than nIatutral erosional forces have providel, Ruffner, 1.D.and Steiner, W. V. 1973. Evaltation of plants for 
alnd external pr'actices ciaie applied to inlprove use on critical sites. In l':ology ,mid Reclamation of devasta ted 
soil conservation, plant eslablishment, and pollution land, eids. R. 1. tluinik and G.Davis, pp. 3-12. New York: 
minimization in hilly country that is mined. The Gordon and Ireach. 
n1 i vetiarth inlov,,,nleni)t )invlS n iS r ce,:1 Smith. R. N.. (;rutb,wV.E., Jr., Arketl, T., and Sohek, A. 1974.milling


mtin il 
allows manipulation of the final land surface to 070. U.S. Environmnental Proteclion Agency, Cincinnati, Ohio. 
achieve nearly any configuration desired for eco
nomnic land use. However, some legal restrictions DISCUSSION 
exist that place limitations on thie types of final A. Sobek (West Virginia, USA). How do you get
niinlsoil slope that are acceptable, the information to federal legislators? I have been 

mss th v s rfa ce i 1 Aine spoil potenti,Is for soil and wa er qoality. EPA-670/ 2-74
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' RESPOVSE OF GRASS TO ROCK IItOSPtATE 

working in reclamation for several years and we 

seem to he able to get it to mine operators, and 

we seem to be able to get it to the legislature on 

the state level, but materials that 1 see coming out 

of Washington e n't seem to have any relevance 
to what is going on and whmt lhas been (lone in 

research. 

Grube. There are severa I avenues open to us. The 
we are all citizens.first one that comes to mind is that 

Information generatted by public funds-public re-

search-is available to anyone. For those of you who 

90. 

don't already know, in this country the Freedom 
of Information Act provides you with access Io any 

I thinkinformation obtained with puhlic monies. 
the approach (if a personal letter from you as an 

individual to your legislator, at any anid all levels 

of government, is the most practical. Invite the higher 
level legislators on some of the field trips you make, 

and show them the results. The assistance of your 

higher level college administrators camin emphasize 
the value of this research. Encourage and ask your 

professional societies to point out research accon
plishments, adding their support and credence. 

Response of Four Grass Species to Rock Phosphate on an 
Acid Strip Mine Spoil 
J. W, Schwartz and C. D. Fo,' 

Service, Beltsville, Maryland, USAUnited States Department of Agriculture, Agricultural Research 

Strip mine spoils should he revegetated as soon 
,Is posibl , to alleviate erosion and pollution of 

sri,: vrI,ing ireas. Grasses and legumes should be 

c.:,:iri ldfor initial revegetation, even though trees 
icav be the desired climax vegetation. The grasses 
ano legu{mes fur. ish immediate cover and provide 
oroanic material to the spoil (USDA, 1968: Vogel 
and Berg, 1961). 

Many strip mine spoils are acidic because of the 
oxidation of sulfides, which produces sulfuric acid. 
The resultant pH of the spoil material often results 
in toxic levels of aluminum (Al). manganese (Nin), 
iron (Fe) (Lowry, 1961), nickel (Ni), zinc (Zn). and 
copper (CI) (Massey and Barnhisel, 1971). 

The low pH1 spoils are often infertile, lacking 
espe ;ially in calcium (Ca), magnesium (Mg) 
(Struthers. 1964), and phosphorus (11)(Berg and May, 
1969). 

Preliminary studli es using rock phosphate on acid 
spoil material (unpublished data) indicated that rock 
phosphate was effective in increasing yields of some 
plant species. Other authors have shown that rock 
phosphate can he an economical P source on acid 
soils (Alston and Clhin, 1974; McLean, Brown, and 
Hawkins, 1952). 

Plants differ markedly in their tolerance to acidic 
soil conditions, depending on their abilities to ac-
quire nutrients or to tolerate high concentrations 
of mineral elements. For example, Foy et al. (1973) 
showed that Atlas 66 wheat is tolerant to Al but 
is sensitive to Mn, while Monon wheat is sensitive 
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to Al but tolerant to Mn; weeping lovegrass is more 
tolerant than tall fescue to Al (Fleming et a!., 197-1). 
Vogel and Berg (1968) reported that weeping love
grass tolerates acid strip mine spoils of Kentucky 
while tall fescue does not. 

The objective of this study was to evaluate the 
tolerince of four l)lanit species to acidic strip mine 
spoil armended with rock phosphate. 

MATERIALS AND METHODS 
Mine spoil material from a strip mine area near 

Beckley. West Virginia ('Table 1), was passed through 
a 6 finm screen and 1 200 g of soil was placed in 
paper cartons. t'he! spoil was fertilized with 75 
mg/kg N and 75 mg/kg K as NI.1 NO, and KCI, 
respectively. Rock phosphate fromn North Carolina 
(Table 2) was mixed with the spoil at rates of 0, 
100, 200 400, 600, 1 200 and 2 400 nig / kg. Weeping 

lovegr;,:,s (Eragrostisrcorvib'a ), deertlomgue (Panicumr 
clandestinun ), little hluestem (Andropogon 
scoparius),and tall fescue (l'Fs i 'ai'ndiin cei, var. 
Ky 31) were grown for 63 days; tops and roots were 
harvested, dried at 70' C, and weighed. 

The top 6 cm of plants were ground in a Wiley 
mill to pass a 40-mesh stainless steel si.ren and 
dry ashed at 500' C overnight for analysis. 

Mn, Zn, Cu, anid Ca were determined by atomic 
absorption, P by vanadomolyl)ophosphori-yellow 
method (Jackson, 1968), Fe by the colormetric o
phenanthrolene method (Saywell and Cunningham, 
1937), and Al by aluminor (Chenery, 1948). Final 
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TABLE 1. Chemical characteristics of Beckley, West Virginia, strip mine spoil 

Spoil 
pH; Exchangeabh Cations '/ Avail. Exch." Exch." 

1:1 (meq/100g") Al P) Mn ++ Fe++ 

Location Soil:Water Ca Na K AI Saturation Bray #1 (mg/kg) (mg/kg) 

25.1lleckley 4.2 1.22 2.3 0.21 2.39 32.1 14.3 41.2 

(Ca, Mg, K and Al extracted from air-dried spoils with Ni14 OAc at pH 4.0.
 

"Mn and le extracted from slightly inoist spoil with NI14OAc at p-1 4.0.
 

Al
 

Al (ai Na-4 K 

TABLE 2. Chemical analysis of North Carolina than did little bluestem and tall fescue (Table 3). 
raw rock phosphate For example, the top yields of weeping lovegrass 

and deertongue were significantly increased over 
[lilute Acid Sol. 1 =32% the no P treatment by rock phosphate rates up to 
rotal PlO.,-:(Lo-:1.(o-, 400 mg/kg but not by higher rates. Those of little 
CaO-411.9-49.3'k;, bluestem and tall fescue were also significantly 
MgO-0.5-0.6'X, increased by rates of 400 mg/kg rock phosphate 

and, in addition, showed yield responses to the-11-0 g/kg 
higher rates. Root yields of weeping lovegrass wereZn-160 mg/kg 

Mo-35 mg/kg not significantly different at rock phosphate rates 
Cu- tg/kg of 0 to 2400 mg/kg. Deertongue root yields were 

significantly increased by 200 mg/kg rock phosphate 
but not by higher rates. For statistical maximum 

pH of the spoil material was determined in a 1:1 root yields of the less-tolerant little bluestem and 
tall fescue, 400 and 1200 mg/kg rock phosphate,soil-water slurry. 
respectively, were required. These marked dif-

RESULTS ferences in response to rock phosphate are clearly 
Weeping lovegrass and deertongue were much shown in Figures 1 and 2. The roci. phosphate 

more tolerant to the acid, untreated mine spoil and treatments which produced the maxih . it yield 
required much less rock phosphate for good growth responses incretsed the spoil pH by less than 0.2 

TABLE 3. Effects of rock phosphate on the top and root yields of four plant species 
grown in pots of an acid mine spoil (initial pH 3.96) 

Top YieldRock lhosphate Lt-vels 

tng,/ kg Final Soil pl Weeping Ltvegrass lIturtungtiv Little Illoest, il Tall Fes(cue 

g (dry wt)p/ot 

0 3t.9 0.77d 2.116c 0.13c 0.31d 

I DO 1.9 2.46c "3.25c 0.2tic 0.43d 

2(3 4.0 4.47b 4.00b 0.311c 0.46d 

4001 ,. 1 5.13a 5.13a 1.231) 0.92c 

600 4.1 	 5.03ab 5.21 a 1.35b 1.43b 

4.1 	 5.37a 5.75a 2.47ah 1.1lab1 2100 
2 400 4.3 5,50a 5.211a 2.47a 2.00a 

Root Yield 
g (dry vt)/pot 

11 O.t11a 1.401h 	 0.151 0.20c 
0.251) O.451tc200tt I.1(lit 2.37a 
0.71a 0.56b-(10) 1.05a 2.94a 

I 21()0 0.92a 2.9tia 1.05a 0.91a 

letter are not significantly different at the 5% level according'Withint ,t species colu n, top or rout yields follwed by the same 

to li)o :an's multile range test. 
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TABLE 4. Analysis of top tissue of four plant species grown in pots of acid strip mine spoil 
ihmnilspeis Rock Phosphate CI P Al Mil Z Cuu Fe:
 

Weeiping lovgrass Percent0 0.311 0.041 34.4 nug / Ag927 275.) 1.( 53.200 0,.200 0(.065 22.5 314
400 1:9.0 11.20 63.90.206 0,076 32.5

1 200 325 93,3 10.80 27.1(.238 0.0114 41.5 405 130.0 12.40 24.6
JDeertongu 0 0.167 0.046 00.8 4711 !0.( 10.40 51.2200 0.149 (.074 43.5 543 95.6400 4.35 513.70.176 0.0913 05.9 6121 1(5.0 4.401 200 34.3[0.220 0.123 I.2 71M 1(32.( 4.04 103.0 

ilttle hiltuslhern 0 (.2115 (.054 613.2 435 53.920 
 0.208 0(.50 -0.5 2114 42.2 4.22400 416.
(.176 0.073 10.4 214 35.(0 9.73 37.71 200 0,196 0.098 30.5 260 44.3 9.63 150(0
Till feiles:i,: 0 1.41(3 0.062 115.7 2 341 387.0 I 15.110( 1 1211.02{(0 0.111 0.0(60 90.7 1 272 2(1,.,(3 14.80400 56.(}0.535 0.(083 00.8 11211 200 245.0 15.40 27.10.321 0.127 17.11 1135 

al., 1974) ihat weeping lovegrass was Iolerantmore 
than tall fescue to Al in nutrient so:l(itiol. 

All four plhin species had relativel' high Mn intheir tops al low roci:k phosphate levels. Tall fescue
l~i(1 1(hate itlltlc~h hig,her (;O(l{;c.nlralti(}IlS of Cil, MIn,ZnC11,ildII t iLltedthe other Stecies lesteon. lf Ci%i r,

little bllesth!m did [3(l iaclitiolait high concentra. 
 I

Hins of any of the elenlenis tested. Evi(ently, tlhephysiological mechanism Iof acid soil seensitlviiy
differs belween thes two species. Incre asing rockphosphate levels in:reased P (con(:entral ions in
lops of all four species. 

Ihe 


Rock phosplhate
) 

seemis to hi! an effe;tiv(, sour(;eof for plants oin acid sirip mine spoils if acid-
tolerant slpcies suich weepingas lovegrass ilnd
(leertongue are groJwn. The low p1l wo ld lend toin{clease the ilvailability (If froll the ro(:k phosphate.

Even at ihe highest rate( f rock phosphate applied,
Ihe highes plI was only 4.25. Other expi!rirrlelts
(un lu lished data) have shown thll addition (f
limesione to spoil Ireated with rock phosphate in-hihited llat growth. Apparently, as ihe spoil pil

increased, 
 1Pfrom the rock phoslhate heciame lessavailable. 
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DISCUSSION 

Tony Bradshaw (Liverpool, England). The thing I
find nll{st interesting about lIhose results, which Iihink are fascinating, is that Inost Iof the ph(}sphmleiiternal ,olnlentrlitiois seem hiibe so silihn'bte n 
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the four species. I was expecting to find that the 
weeping lovegrass, for instance, was going to have 
a much higher internal concentration than the 
arundicea. Would you comment on that? 

Schwartz. I have no explanation. I'm aniazed too. 
It seemed as though in all four species the phos
phorus content from 0 to 1200 treatnrmnt approxi-
ma tely doubled. YOu Couttt have plotted it, and it 
would have made a beautiful graph. I have no 
explanation as to why they didn't differ more than 
they did. Evidently, tie feeding power (if these four 
species for rock is similar. 

91. 

Bradshaw. Well, in some ways it -.is I-,,, some 
ways the total uptake is critically different. 

Schwartz. Because of yields? 

Bradshaw. Right. 

Schwartz. Also, you can't discount antagonism from 
other heavy metals, such as, zinc and manganese. 
and remember fescue had very high manganese
2000 pprT vs 400 and 500 for deertongue and 
lovegrass. This is going to affect inlernal phosphorus, 
too; it (:anl get very complicated. 

Tailoring Plants for Greater Tolerance to Mineral 
Toxicities and Deficiencies on Hill Land Soils 
C. D. Foy 
United States Department of Agriculture, Agricultural Research Service. Beltsville, Maryland, USA 

Many soils on hill land topography are seriousl\" 
eroded, strongly acid, and deficient in available 
essential nutrients for plant growth. Steep lan(ls have 
generally been neglected in research, and soils of 
mountainous regions of the world are becoming 
seriously deteriorated through nismanamgement 
(Eckholm, 1975). Soil acidity is frequently the first 
problem encouLntred in attempts to improve the 
productivity of hill land soils. In strongly acid soils 
and mine spoils (below a pH range of 5.5 to 5.0) 
toxicities of Al, Mn, and other mineral (,erments, 
or deficiencies of essential elements such iasN. P. 
K, Ca, Mg, and Mo, may limit or prevent the cstab-
lishment and growth of the desired crop (Kampr~th 
and Foy', 1971), Phosphorus fixation (unavailabiliy) 
is particularly serious in such soils. In legure-grass 
mixtures. N may he at limiting factor becaise of 
inhibited rhizobial activity, 

Some hill land soils usedl for pasture are too steel) 
for the use of conventional lime- and fertilizer-
spreading equipment, and ae.,rial appli:ation may 
he ec:onomic:ally prohibitive. Furthe:rmore, even 
when the surface soil (plow layer) r:a,) limed,be 
the subsurface soil remains strongly acid, preventing 
root penetration and decreasing drought tolerance 
and the use of subsoil nutrients, IHeavy liming of 
surface soils does not correct subsoil aicidity and 
may induce short- or long-term probl.ms of micro-
nutrient ,.javailability and encourage the dwelop-
ment of certain plant diseases, especially in the 

tropics (Martini e ai., 1976). Thus, some problems 
of mineral stress in soils cannot be economically 
corrected with present technology. Blut certain plilnt 
species and varieties are known to differ widely in 
tolerance to high or low hvels of mineral elenients, 
and some such differences are genetically,.;onlrollh. 
IHence, i promising lternative or supplemevntary 
approach to problems of mineral stress is to select 
or breed plants thatl are more specificadly adoapled 
to soil con(litions that are not ecnoilnically correct
able. 

Soil situations in which a plant-hreeding iappro;o:h 
looks promising include steel) pIsture land that is 
strongly iaid and difficult to lime even in the surface 
soil layer; acid. Al-toxic subsoils (subplow liayers) 
(Doss and Lund. 1975): strongly acid mine spoils 
on which rapid vegetative coverand soil stlbil iz,1tion 
are desired at minimum cost (jones et al., 1975); 
soils thal are deliherltel 1aiintained illlow pll Ilevels 
(5.2 or below) to( control the pottl scab disease 
in potalo-harley and potlal)-slgarheet rolllions 
(lutchinson ef al., 1971; Kesar el 4., 1975): vaisl 
areas of strongly acid, Al-oxic, i)hosphite-fixing 
surface and subsoils of Ie tropics (Spain 0 al., 1m75; 
Salinas and Sanchez, 1976; O)]nos and inmoargo, 
1976; Silva, 1976); saline soils (Rush and E'pstlin, 
1976); soils polluted with heavy melals (Irrdshaw, 
1970 and Paper No. 76 in this Volume; Brown and 
Jones, 1975; Lagerwerff, 197,1; Chaney anti (;iordano, 
1976); andI calcareous soils with Fe-deficiency or 
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other micro-nutrient problems (Brown el a., 1972). food is impractical, if not impossible. The only
A similar approach would be appropriate for soils reasonable plan is to produce crop and livestock
that are either too wet or too dry. Even in "good" products as nearly as possible to where they are 
soils, fertilizer-efficient plant genotypes are needed needed. This often means using marginal or submar
tol decrease crop-production costs, conserve fossil ginal land and being satisfied, at least temporarily, 
energy and liinited fertilizer resources, and prevent with much lower yields than would he profitable
groun)dwater pollution, in a mechanized agriculture, based on high inputs

li the past, our soil fertility research and extension of fossil energy (Ieichel, 1976). 
programs have emphasized changing the soil to fit
the plant. As a result, many crop varieties have been DIFFERENTIAL TOLERANCES OF PLANTS 
(eveloped undher nearly optimum conditions of fer- TO MINERAL STRESS 
tility and pil-that is, in the absence of any obvious In strongly acid soils (below p11 of 5.5 to 5.0),
mineral stress. When such varieties are introduced Al- and Mn-toxicit ies are probahly the most impor
to soil regions that differ from those in which they tant growth-limiting factors. Manganese toxcity 
were devel oe d, they may show m ineral stresses p rouces mre a c t ifi abl e se tom s t y
of various kinds. For example, the Green Revolution prouces more 1early i(lent ifia h symptoms than
wheat variety, Sonora 63 (developed in Mexico), ,ill does Al (Fig. 1), but Al causes much more drastic 
not tolerate the strongly acid, Al-toxic soils of Brazil decreases in growth. Hence, when both problem.s 
SiIva, 1976; and personal observation). By contrast , occur on the same soil, the decreased growth mayBrazilian bred varieties are quite tolerant 'tothese conditions and ay show lile or )eattributed entirely to Mn-toxicity when Al-toxicityno lime is the more important cause. In poorly drained or 

response at soil pH1 values as low as 4.7 (Martini compacted soils, reducing conditions cause the pro
elal., 1976). In some cases, liming soils to pH 6.3 duction of civalent Mn which is absorbed by plants.
actually decreased yields by increasing the severity Under such conditions, Mn toxicity can occur atof th t"ake all ds ofy iisease In Unitedwhei. the soil pli values of 6.0 or above (Siman et al., 1974),
States, the: Gaines wheat variety, which 

a level at which Al is not soluble in toxic concentra-Staes thel raiesrd whea has Set it1 :4aie hich'10.5ha st tions. Manganese toxicity is also intensified by highworl yield record of 11 :1431 kg /ha on 10.5 ha ot 
irrigated land in the state of Washington (Bertram- temperatures and drought. Additional details con
son. 1964), is extremely sensitive to Al in acid soils cerning the effects of Al, P,Ca, and Mn relationships 
(Foy, 1974a). in plant growth are available in recent review papers 
The practice of ferlilizing ard liming the soil to (Foy, 1973, 1974a, 1974b).

"optimum" levels has -,een profitable in the devel- Differential Al Tolerance 
oped countries, where supplies of energy, lime, and 
fuel were inexpensive and abundant. However, in Plant species differ strikingly in their tolerance 
many other parts of tlhe world this approach has to Al. For example, weeping lovegrass (Eragrostis
never been practical. Greenland (1975) has pointed curvula ISchrad] Nees) is much more tolerant to 
out that the food production technology of developed acid, Al-toxic Tatum soil than is Ky 31 fescue 
nations cannot simply be transferred Io the non- (Festucia arundinaceaSchreb) (Fig. 2). The acid-soil
mechanized snall farm situations found inlmany tolerance of these two species coincides with their
developing countries. Sanchez and 1uol (1975) noted tolerarce to Al in nutrient solutions (Fleming et
that "astrategy bIa.-ed oi minimum inputs is gradu- al., 1974) (Fig. 3) and with their abilities to grow
ally taking form within the tropical agronomy re- on acid mine spoils at pH] 4.0 (Vogel and Berg, 1968).
search comin ity.' Even in the developed coun- Both species are quite tolerant to excess Mn (Fleming
tries, there is increased awareness tha: certain ferti- el al., 1974). Differential Al tolerance has been found
lizer resources are not in'exhaustible. For example, among genotypes of barley (Foy. 1974a; Reid, 1975,
recent Bureau of Mines statistics indicated that at Slootmaker, 1974); wheat (Foy e itJ., 1974a): triticale
the present mining rate, U.S. high grade phosphate (Mugwir. ot al., 1976); rice (Spain et a., 1975);
deposits (three-fourths of which are in Florida) will Iloweler and Cadavid, 1976); corn (Clark and Brown,
be depleted by the year 200(0 (Love, 1976). 1974); soybeans, snapbea ns, cotton, Irish potato, rye-

A plant-hreedling alpproach to soil fertility pro[)- grass (Foy, 1974a): alfalfa (Dessureaux, 1969; Buss
lems has several advantages. It is ecologically et al., 1975: Devine N i., 1976; Simpson et 4., 1976);clean," energy-conserving, and less expensive than sugarbeets (Hutchinson et al., 1971); sunflower (Foy
chariging the soil to fit the plant. The economy of et al., 1974h); tornatoes (Foy et al., 1973h); weeping
the metlhod is particularly important to these devel- lovegrass (Foy t al., 1974c); green algae (Foy and
oping countries, which have little or no foreign Gerloff, 1972): and among species of soil-borne
exchange. h'lle "good" soils of Ihe world cannot pathogens (Orellaniaet al., 1975). Wheat genotypes
support present anrid predicted populations. Even if differing widely in tolerance to an acid, Al-toxic 
lhis were possible, the worldwide distribution of l3laden soil are shown in Figs. 4 and 5. Differential 
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associatel preferentially with DNA. The effects of
Al discussed in this paragraph did not involve 
varietal comparisons, but they suggest research ap-
proaches for determining the biochemical mecha-
nisms of differential Al tolerance. For additional 
details on the subject, see Rorison (1972) and Foy
(I974a). 

Manganese Toxicity 
Manganese tolerance re-has been attribuled to

duced Mn absorplion, less translocation of Mn to
plant tops, and /or greater tolerance to high internal 
levels of Mn within plant lops (Foy, 1973; Foy e 
/..
1973a). The superior Mn tolerance of rice (as

(:oiml)redl with soybean) coincides with a greater
ability of roots to oxidize Mn from the (ivalent
(available) form to the tetravalent (unavailable) form 
(Doi, 1952; Engler and Patrick, 1975). Bromfield 
(1976) reported that an alga, tentatively identified 
as Chlorococcum humicolonl (Naeg) Rahnh, can
oxidize Mn at bulk soil pli levels below 5.0. In certain
alfalfa clones and tropicil legumes, Mn tolerani:e 
has been associateml with the retention of excess Mnwithin plant roots (Ouellete and Dessureaux, 1958:
Andrew and Ilegarty, 1969). Some varieties of wheit,
cotton, and soybean iappirently tolerate higher inter-
nal Mn levels than others (Foy, 197:1: Foy ot il.,
1973a; Ileenan and Carter, 1976). SoitlO ild Do-


hertinerli in) reported that Mn dceprsed
tiarkedt

nodulation intropical legunies and that NIn toxiit~iv
variedIbetween varieties wilhin phnt species.

Some general effe:ts of Mn toxicity in plints, not

involving varietal comparisons, are listed below.

These may e helpful in devising research il)-

proaches to clarify the biochemical mechanisms
tolerance. In cotton, Mn-loxicitx his heen associated 

of 


with a destruction of auxin (IAA) by stimulating

the activity of IAA 
 oxidase (Morgan et il)., 196().

Stonier et il). (1968) reported that excess Mn calii-

lyzed the oxidation of auxin prothctors in Japanese

morning glory. Sikar and 
 Amin (1974) found thatMn-toxicity in cotton was related to elevated activi-

ties of peroxidase and polyphenol oxidise an(. lower

activities of catalase, ascorbic acid oxidase, glutathi-

one oxidase, and cytochromne-C oxitfase. Iligh Nm 
tissues also had lower contents of AI 1 and lower 
respiration rates. In Irish potatoes, Mn toxicity wis 
decreased by treating theill with :;ix of ten inlino-
acids tested (Robinson aind Hodgson, 1961). This 
suggests that Mn interferes with the synthesis or
activity of o(e or more of the.se protein precursors.

Ifigher-thain-normal levels of Mi in Scopolia sin-
ensis (1 900tlg/g)increased the rep lication of polato
spiidle tuber virus RNA (Singh et al., 1974). Thus
mineral oxicilies may well serve as lredisposing
factors in many pla t diseases. This field deserves 
mu(;ll more inteisive study. 

There is considerable evidence that Si (can protect 
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plants against Mn toxicity. Lewin and Reimann
(1969) reported that Si-deficient plants accumulated 
higher concentrations of Mn than Si-sufficient plants
and that Mn oxidation was greater in plants supplied
with Si than in the deficient plants. Silicon is also 
known to prevent the formation of necrotic spots
of high Mn concentration on barley leaves, without 
reducing the overall uptake of Mn (Williams and
Vlamis, 1957). 
Nutrient Element Efficiency 
Sonm platsadapt to growth media with low levels

of available nutrients by modifying their physiolo
gical responses. A good example of such a "stress
response" is that of soybeans grown on calcareous 
soils low in available Fe (Brown et U., 1972). When 
grown onlsuch soils, the Fe-efficient Hawkeye soy
bean decreases the p1l of its growth Ineditlm l)and
produces a "reductantl which converts Fe" to Fe2 " ;
both processes make Fe more available and the plant

-remainsgreen. B3ycontrast, the Fe-inefficient PI 
54619-5-1 soybein cannot produce this -stressre
spons& and hnce becomes Fe deficient dud (hliro
ic.
 
Ai Fe-effi(:ieni strain 
 (if weeping lovegrass that 

grows well and remains green n a calcareous soil 
at pIt 7.8 does not develop chlorosis in nutrient 
cultures with low levels of Fe, It maintains i lower 
pH in solution cultures than does a chlor'osis-sms

:eptible strain. The Fe-efficient striin dies on amine spoil at pl 13.5. hut an Fe-inefficient (chlorosissusceptille) strain survives under the same condi
tions (Foy 0 a.. 197-1). 

Plant physiological properties, iassociited with
specific tolerances to mineral stresses. may he useful 
tools for screening large plant popUlations. Plantvarieties, (ilfering iil tolerance to mineral stress, are
also valulel( as indicators of potential mxicities or
deficiencies in !oils. anfd as tools for studying the

complex mIlechanisms of plant aiLptation to various
 
stresses in soils. 

GENETIC CONTROL OF TOLERANCE TO
 
MINERAL STRESS
 

Aluminum tolerance incertain harley populations
is conlrolhd by onu! major dominant gene (Reid,
1975). One degrev of Al tolerance in certain wheal 
populalions has alsoheen reported to be under single
gtilie control (Kerridge and Kronstad, 1968);
however, preliminary sludies with other wheat pop
ulations by 1-1. N. Lafever and L. G. Camplfll.
Wooster, Ohio (personal communication), indicatef 
thai Al tolerance in wheat is not inhleritedf simply:
two or possibly three genes, plus modifiers, nlIv 
be involved. In Atlas 66 wheat, an Al-tolerance factor
has been located on chromosome 5-1) (Prestes et
a1., 1975). 1loweler and Cadavid (1976) suggested
that Al tolerance ill rice may be regulated by only 
a few genes. Differential Al toleruices of wheat and 
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barley varieties, demonstrated in greenhouse or 
growth chamber experiments (soil and nutrient solu-
tion) have been confirmed by grain yields in field 
plots (Foy, 1974a). There is no evidence to late that 
Al tolerance is necessarily associated (genetically 
linked) with low yield potential in the absence of 
Al. 

In alfalfa, Mn tolerance has been attributed to 
additive genes having little or no dominance (Des-
sureaux, 1959). Efficiencies for Fe, 13, N, P. and K 
are also genetically controlled in certain plants 
(Brown 0f Al.. 1972: O'Sullivan et A.. 1974; Wann, 
1975). 

DEVELOPING STRESSTOLERANT 
PLANT VARIETIES 

The observation that tolerance to mineral stress 

is genetically controlled suggests that plants may 
be tailored for adverse soil conditions that are not 
economicallv correctable hy conventional means. 

A plant-breeding approach has a tremendous p(-

tential for solvino some of our' more difficult soil 

managemen, and plant nutrition problems. Alumi-
num-tolerant varieties are needed: (I)for deeper 
rooting and, hence, greater droughti tolerance in 
strongly acid subsoils: (2) for use in vast, acid-soil 
regions where Al toxicity and lP-fixation are major 
growth limiting factors (Campo Cerrado Region of 
Brazil and Llanos Region of eastern Columnhia, Sa-
linas and Sanchez, 1976); (3) for strongly acid soils 
on stee l) slopes that are difficult to lime: and (4) 
for use where even the surface soils must be kept 
rather strongly acid (pH 5.2 or lower) for disease 
control (potato scab in barley-potato rotations in 
eastern Canada and sugarbeet-potato rotations in 
Maine). Plants with high tolerance to Mn. Al, and 
other metals are also needed for revegetation of 
strongly acid mine spoils and other disturbed land. 

Evidence is increasing that Al-tolerant plants can 
use low levels of 1) more effectively than (can Al-
sensitive plants. either in the absence or presence 
of Al. Thus, plants bred for Al tolerance may be 
more efficient P feeders on strongly acid soils (below 
pH 5.5) where Al limits growth and also in soils 
that have been limed to p1] 5.5 or above, where 
Al toxicity is not involved. Weeping lovegrass, an 
Al-tolerant species, makes good use of rock phos-
phate on mine spoils with an initial pH of 4.0. Rock 
phosphate is being seriously considered for direct 
application to acid soils in the tropics. 

Our present crop varieties have been developed 
with little direct attention to soil properties, because 
it was assumed that the soil could 1e economically 
fertilized and limed to some "optimum" level for 
plants in general. However, it is now c]ear that in 
spite of efforts to make the soil "ideal" for plant 
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breeding test sites, certain plan( varieties do reflect 
the soils (particularly the subsoils) on which they 
were developed. Furthermore, moving varieties from 
one soil to another can result in new problems of 
mineral element toxicity or deficiency. For example. 
Dayton barley, selected at Wooster, Ohio, where acid 
soils and Al toxicity in plants occur, is nu.ch inore 

tolerant to Al than Kearney barley, developed in 
the Kansas-Nebraska area where acid soils are less 
common (Foy, 1974a). Seneca an! Thorne wheat 
varieties, developed at Wooster, are more Al-tolerant 
than Indiana varieties (Redcoat. Arthur 71, Abe, and 
Monon) developed only about 4110 kin west on 

different soils (Foyet a)., 1974a). The Brazilian wheat 
varieties. Toropi and fI I 1146, are even iore Al
tolerant than Thorne from Ohio (unpuiblisheai data). 

Rex smooth-leaf cotton, (evelopedl on the acid, high 

vin loessial terrace soils of Arkansas, is more tolerant 
to excess Mn than Coker lt)A, developed on the 
sandy, low Mn,Coastal Plains soils of South Carolina 
(Foy, 1973). 

We should now make a conscientious effort to 

select or breed plants for greater tolerance to specific 
mineral soil stresses that are not economically cor
rectable. In some cases, changing the plant to fit 
the soil may be more economical ultimately than 
changing the soil to fit the plant. Such weseirch 
requires a tean approauch. Multidisciplinary teams 
shouldhbe formed anti plant-germplasnm banks shoul 
be created, maintained, and made available to all 
nations. To manage both plant and soil for inaxinuim 
returns, we also need to determine the physiological 
and biochemical mechanisms Iy which plan ts toler
ate or adapt to adverse soil condilions. 

The proposed )lant genetic or selection approach 
to soil fertilily prol(ehms may result in several ihene
fits: (1) increased yields of present species on present 
acreage by using tolerant varieties: (2) extended 
acreage of sensitive spe(;ies to land previously con
sidered unsuitable to the crop (acreage of Al-sensitive 
alfalfa and barley might be extended hy Al-tolerant 
cultivars); and (3) gradual iml)rov'ment of soil pro
ductivity by the introduction of plants with more 
exacting growth reqluirements and, perhaps, higher 
yield and quality. A genetic alpproach does not mnean 
the elimination of fertilizers and Iime. Instead, it 
advocates a more effective use of plant diversity 
in the management of problen soils. 

The plant-breeding approach to soil fertility dis
cussed in this paper has been directed mainly toward 
increasing crop yields on )roblem soils. It-owever, 
even when yields are already at a satisfactory level 
a similar approach may be useful in regulating tihe 
mineral composition of plants and therehy improv
ing their qualily as food for animals and man (Ilill 
and Guss, 1976). 
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DISCUSSION 

Douglas Perry (Virginia, USA). Did you analyze the 
solution in which plants increased the p-I to se 
what organic aidls or other compounds were in theroot exudatic aWe 
root exudate? 
Foy. No, but we plan to do some work of this nature 
in the near future. Dodge and Hliatt (Agron. 1. 
64:476-77, 1972) associated such differential pH 
change with differential cation-anion uptake. Plant 
uptake of NO, causes the solution p-i to increase, 
presuma hly by release of OII or IICO:, from roots; 
N I'. uptake decreases the solution pH liby release 
of 1I-' from roots. Plants fed exclusively with Ni.; -N 
lower the solution p1-I to 3.5, and both Al-tolerant 
and sensitive cultivars are injured or killed. When 
the 1, Steinberg solution contains 10-18% of the 
total N as NI-., the Al-tflerant wheat cultivars raise 
the p1l and sensitive !ltivars either lower or fail 
to raise it. Such diffewnces could result from dif-
ferential NO, uptake and use, as suggested by Dodge 
and tliatt. Aluminum-tolerant plants may have more 
active nitrate reductase systems. The iHl decreases 
in solution hy Al-sensitive cultivars could be caused 
by the excretion andi ionization of organic molecules. 

Jones (Plant and Soil 13:297-310, 1961) suggested 
that organic acids in Al-tolerant plant species chelate 
Al and thus preven! the Al-P precipitation which 
normally occurs in plant roots at physiological pH 
levels. Small (pl-I and Plants, Bailliere, Tindall and 
Cox, London, 1946; Plant lPhysiol. 24:75-83, 1949) 
pointed out that acid-tolerant plants generally have 
strong organic acid buffer systems, in :ontrast to 
acid-sensitive plants in which phosphate buffers 
dominate the system. Alumn in um-sensitive barley is 
known to have a phosphate type; buffer system. In 
such plants Al precipitates with P in the roots but 
does not generally accumulate in plant tops. In fact, 

Al accumulation in plant tops (< 1000 ppm) is 
associated with Al tolerance, rather than sensitivity 
(Tea Quarterly43:4-13, 1972; New Phytol. 76:551
54, 1976).

need to characterize the root exudates of 
Al-tolerant and sensitive genotypes thoroughmore 
ly. Phosphate m.'taholism is almost certainly in
volved in Al tolerance. Some Al-tolerant cultivars 
appear to have higher root phosphatase activities 
than those of Al-sensitive ones. 

The physiology of differential Al and Mn tolerance 
in plants will he reviewed in greater detail in a 
paper to he presented at the ASA Meetings in 
Houston, Texas, November 28-Decem her 3, 1976. 

Tony Bradshaw (Liverpool, England). What is 
known about genetic control of Al and Mn tolerance 
in plants?
 
Foy. Aluminum tolerance in certain barley popula
tions is controlled by one major dominant gene (D.
 
A. Reid-Barley Genetics 11, pp. 409-13, 1969). At 
least one degree of Al-tolerance in certain wheat 
populations has also been reported to he under single 
gene control (Kerridge and Kronstad, Agron. 1. 
60:710-11, 1968). l owever, preliminary studies with 
other wheat populations (H. N. Lafever and L. G. 
Campbell, Wooster, Ohio) indicate that Al tolerance 
in wheat involves two or three genes, plus modifiers. 
Tolerance to Mn toxicity in alfalfa has been attributed 
to additive genes having little or no dominance 
(Dessureaux, Euphytica 8:260-65, 1959). Genetic
biochemical studies on differential Al and Mn toler
ance are just beginning. The Al-tolerance gene in 
barley may promote the synthesis of a certain enzyme 
protein (or an allosteric form of the same enzyme) 
which is resistant to attack by Al or more efficient 
in promoting the metabolism of P or other essential 
elements in the presence of Al. 
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onSpecialty Crops-An Alternate Land Use 

Surface. Mine Spoil* 
J. N. Jones, Jr., W. H. Armiger, and 0. L. Bennett 

United States Department of Agriculture, Agricultural Research Service, Blacksburg, Virginia; Beltsville, Maryland; 

and Morgantown, West Virginia, USA 

been seeded to a clover-grass mixture
We know that with good management practices that had for 

sixth year the yield of ensilagehigh- four years. In theand proper application of soil amendments, 

quality grass ard legume forages can he established corn was 53 10 kg/ha (Frantisek, 1973).
 

The purpose of this study was to determine the 
and maintained on surface mine spoil (Jones et al.. 

on minesoil, ard 
1973 and 1975). In addition to meeting stabilization feasibility of vegetable productitin 

need land evaluate the infl ence of fertility levels and nmlhes 
and conservation objectives, however, we 

sweet corn, horti
uses for "ininesoils" that have economic potential. on yield. This paper reports that 

beans and tomatoes (can he successfully
High-value horti(cultural crops offer diversification cultural 

and an opportunity to increase food production in grown oi a reclaimned surface mine spoil. 

Appalachia. In this coal-producing area, only 10 to 

20% of the mountainous land surface caln lbe used MATERIALS AND METHODS 
1975). Thereforefor agriculture (Gorman and Espy, on a regraded

each man-made hectare gained from surf,ice mining The field studies were located 

bench area at White Oak Mountain
 

should be used to its tullest potential. The area has surface mine 
for each in south-central West Virginia (3740'N: llW; 800 

adequate rainfall, averaging over 100 mn 
in above sea level). The entire area is mountain

month of the 140-day growing season from May to 
the benchots. The undisturbed soil surrounding

September. its Dekalb (Typic Dystrochrepts:area is classified
The physical and chemical properties of minesoils 

and Gilpin (Typit:
they cian be used. However. loarmy-skeletal. mixed, mesit;)

largely determine how 
tilts; fine-loaimy, mixed, mesic) forme( iii 

organic matter content cain be increased through the Haplud 
and verycrops. and acid material weathered from sandstone 

use of forage species. green manure 
stony. Slopes range from 40 to 70% and coarse

1975). Water infiltration androtations (]ones et al.. 
by using mulihes fragments make tip more than 35% of the acid profile 

use efficiency cani be improved 
(Gorman and Espy, 1975). !n1970, following extrac

of straw, wood chips, or sawdust. Likewise, mulches 
tion of the coal, the p1i of the freshly r,graded bench 

grown in place and used with no-tillage techniques 
Plant cover consistedarea ranged from :.t to 4.2. 

not only conserve soil water, but also increase profile 
31 fescue (Festuca artndinacea) andmainly of Ky

organic matter. 
seri(cea lespedeza (Lespedezai (ilfleala ) until the area 

Many surface mining operators now fe(d that 
much their business as is the was turnplowed in the spring of i975. Improvement

reclamation is just as 
in pl-I was noted with values raniging from 5.0 to 

Some operators and landowvnersextraction of coal. 
are eager to go beyond the legal requiremenits for 5.2. 

future use Vegetable crops grown in 1975 and 1976 were 
stabilization of minesoils to a preplanned 

s.eet corn (Zei rniijs, "Golden Cross I3antami"); bush 
SeveralI coal companiesoffering economic value. 

grapes, apphs horlicultural beans (Phaseolus vtlgaris), commonly
have pilot programs for growing 

known as October beans; and tomatoes (Lycopersiconvowevo r,peaches, and blueberries. The literture, 
esciilentun, 'Big oy .....Supersonit." and 

contains little information on food crop production 
the seedbed

Illinois 5519 kg of fitld "Manapal'). Each year after plowing, 
on surface minesoils. In 
corn/ha were produced (JO a mined iria that had was prepared with a spring tooth harrow. Soil 

for amendments applied were incorporated 7.5 to 10 
swe'et clove'r. and brornegrassbeen in alfalfa,, 

grain vields (;m deep with a rotoliller. Application of lime (54%
five years (Iliggins. 1973). Average. corn 

+ 43'!, Mg(,O,) was made only in 1975. In 
from a corn, corn. oats, alfalfa rotation ranged from CaCO, 

and bean studies it was applied by
to 4390 kg/ha. In Czcwhoslovakia 9800(1 kg the sweet corn 

blanket application4077 
were pro(uced on a rninesoil treatments. In the tomato study t 

of white potatoes/ha 
of lime was broadcast on the entire plot area. 'lhe 

source of fertilizer was a commercial 10-10-10 analy
:\R SI)A A and t hi! igril-uhmdu-lli fu.n11'Conutriutnuu from sis. Treatment rates were broadcast and incorporated.

f Inrot W s Virginia . R.ewr.tjuri tt,i a parl,•it'itions ( Virqouu 
by thc II.SEnvIrmnmeint,tl 'rutvlion Agfuury prior to establishment of each crop. A mulch variable 
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compared no mulch with straw in the corn study, 
saw(lust in the bean study, and both straw and 
sawlust in the tomato study. Mulch residues from 
the 1975 studies were plowed down. The same 
experimental design and field plot location were 
used each year. 

Corn Study 

Lime and ferlilizer treatments are shown in Fig. 
1. A randmnized split-plot design was used with 
three replicates. Main Plots (4.6 by 12.t8 m) were 

assigned to the linle lvels and mulch variable. 
Souhplots (4.3 by 4.6 in) were assigned to fertilizer 
treatments. The corn was planted using thi; wheel-
track-plant technique with a row spacing of 106 cm. 
Replanting was done by hand to provi(de uniform 
stands. Weeds were controlled by hand methods. 
Straw mulch was applied at th! rite of 9 MT/hla.
Mature corn plant heights (leaves extended) for 2(1 
random plants/l)lo were measu red from ground 
leve]. At silking, random leaf saml)es (first leaf below
the ear) were collecte~d, diried at 65 C and groundin ar)wile mllcted,hre, ath nme of eagrsdin at Wiley mill. At harvest, the number of ears 

produced and ear weights (husks included) were 
recorded from the entire plot. 

L EG/HA 
LIME N P K 

ON 5or[ 246 47L0 

L 4.5 MT/HA 1. 112 413 93 
L2 9.0 MT/HA 168 73 140 

G - ~sam 

Ssprocessed 
Z'4-

w 
1"Z 4 

o30.000-

(n
C 20.000 

~variables. 
d 0.0 V. 00the 

Lo L, L2 L' t, 
NO MULCH STRAW MULCH 

Figure . The influence of lime, fertilizer and mulch on the 
number and weight of sweot corn ears produced on surface 
mine spoil. 
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Figure 2. The effect of lime and fertilizer rates on horticulturalbean yield with and without a mulch in 1975 and 1976. 

Bean Study 
Twelve treatments were used in a randomized 

block design. Individual treatments, as shown in
Fig. 2, included variables of fertilizer, lime, and 
mulch. Plots were 4.3 by 4.6 m. Planting procedures 

were the same as those used in the corn study, except 
row spacing was 53 cm. Replanting and weeding 
were by hand. Sawdust mulch was used at the rate 
of 44.8 MT/ha (about 2.5 cm deep). Random leaf 

plfes Of mat ore bean leaves were1 collected from 
the top of the plants after flowering. Samples were 

for analyses as indicated in the corn study. 
Harvest was made on four central rows for a total 
length of 12.2 in. Yield was recorded as shelled 
fresh be as (high moisture. 35 to 50%). 

Tomato Study 
Lime was broadcast at the rate of 11.6 MT/haonl tht: entire plot area to bring the pH to about 

6.8. Fertilizer and mulch treatments for each variety 
are sown i Fig. I3. adoie split-plot dsg 

was used with three replicates. Main plots (4.3 by 
4.6 m) were assigned to the fertilizer and mulch 

Subplots were 1.4 by 4.6 m. for each of 
tomato varieties. Greenhouse grown plants weretranisplanted oil ,i 1-mi spacing in the row. They 

were staked and pru ned to allow two dominant stems 

p2per plant. Both straw (9 MT/ha) and sawdust (44.8 
MT/ha) were used as inulch. Random mature leaf
samph.es were collectedt at it height of 50 cm above 

the ground level when the first fruit ripened. Samples 
were processed for analyses as in the corn and bean 
study. Fruit yield from each subplot (five plants) 
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TOMATO VARIETIES 

Figure 3,Two-year mean tomato fruit yield comparisons from 

three varieties, fertilizer levels and mulches. 

was recorded at each harvest, but the percentage 
of marketable fruit was not determined. 

For each crop. yield and leaf element content were 

,sitlnificant effect.,,. 1976 no vield data were obtainel from the sweet 

the primary 
determined 
killing frost 
were disked 
eale) which 

data obtained. Element uptake wa'is 
by emission spectrography. After the 
on September 14, all three plot areas 
and drill-seeded with rye (Secale cer-
served as the winter cover crop. Soil 

samples were taken after overwintering. Soils data 
were obtained by using standard soil testing proce-
dures. Only soil organic matter content, p1I, and 
available CaO are reported since P and K tifferences 
among treatments were small. 

RESULTS AND DISCUSSION 

Weather conditions and rainfall distribution for 
the two growing seasons were quite different. Con-
siderable soil water stress existed in 1975, as rainfall 
for the period June through September 14, when 
a killing frost occurred, totaled only 263 mm. This 
was below the normal average of 100 mm per month. 
Factors which influenced plant growth and yield 
were moisture stress and nitrogen uptake. In 1976, 
precipitation for the May-September period totaled 
469 mm. Increased availability of plant nutrients 
under the near normal soil moisture conditions was 
the contributing factor to increased plant growth 
and yields in the second season. 

Sweet Corn 
Plant height in 1975 was decreased by periods 

of moisture stress. The average height of the un

mulched corn was only 138 cm as compared with 

163 cm for the straw-mulched corn. The number 
of ears produce([ and ear weights (Fig. 1) reflect 
somewhat the effect of mulch, but primarily show 

response to the three levels of N, P., K fertilizer 
applied. The highest ear yield was 30744 ears/ ha. 

which weighed 6.2 MT. This was procuced under 

straw mulch at the highest fertility and lime levels. 
The analysis of variance on yield indicated a tlif

ference in weights for the mulch treatments at the 
level and for the fertility treatments thent0.01 

Mean yields were different for the low, inter

ediate. and fertilizer Limewere nohigh levels, and had 2.1,i., and 5_1 MIT/ha, restpectively. 

corn stuly. The plot area had to he replanted twice 
before it satisfaclory stand was obtained. The third 
planting. due to the mid-july planting date and high 

population, produced only imperfect, small 
ears (nubbins). 

Horticultural Beans 
Yields from the 1975 and 1976 seasons exhibited 

similar treatment trends (Fig. 2). Yield increases 
obtained in 1976 were proabal y due to the more 

normal rainfall. The yield decrease from the high 
fertility level under sawdust in 1976 was not expect 
ed. From the analysis of variance, lime rite had 
no significant effect, but sawdust muh;h and fertility 
levels did. The highest shelled bean yield of 4.3 
MT/ha was outained in 1975 with the 4.5 MT/ha 
of lime, the high fertility level, and with sawdust 
mulch. Two-year mean yields for the low, medium, 
anti high fertilizer treatments, with and without 
mulch were: 2.2, 3.2, 3.6, 1 41,2.1, and 2.1 MT/ha, 
respectively. Yield incrt:,,ses of 50 to 70% resulted 
from the use of sawdust as a mulch. 
Tomatoes 

and 1976 growingMean yields from the 1975 
seasons shown in Fig. 3 reflect variety response to 
mulch and to the thrhci!,leels of fertilizer.The highest 
fruit yield from each variety was produced with 
sawdust mulch and the highest fertility level. The 
analysis of variance indicated that the effects of 
mulch, fertilizer levels, and varieties were highly 
significant (0.01 level). Mean yields were 12.3 
MT/ha with no mulch, 17.6 with straw muhch, and 
20.8 with sawdust mulch. Big Boy yielded an average 
of 19.3 MT/ha as compared with 16.9 and 14.5 
MT/ha for Supersonic and Manapal. lhe interme
diate fertilizer rate produced an averiige of "16.7MT, 
which was not significantly lower than the yield 
of 20.0 MT from the high rate or significantly higher 
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TABLE 1. Element concentrations (overall treatment means) in leaf and fruit plant tissue' 
for the various vegetable crops grown in 1975 

Vgcabe Crop Ilant N 11 KTissue Sutipled 

Peruent
fP11 
'llnialh Yotng
 

mature leaf 4.0 .22 4.7 

Fruit 3.13 .46 2.5 
Swvvt (Corn Ear leaf 

after silking 2.1 .31 3.3 
Ear 2.4 .46 1.5 

leans (Octoher) Young 
mature leal 3.2 .54 2.3 

Matur i moist 
hean 	 3.0 .63 2.0 

"Dry maotter. 

than the 13.9 MT produced from the low rate. 
Elemental concentration in leaf tissue and edible 

fruit of the vegetable crops grown in 1975 are given 
in Table 1. Although significant differences existed 
for the variables of mulch, fertilizer, and species 
among the various nutrient elements, most values 
were considered to be within a normal range. Con-
centralions found in "normal" plants or established 
sufficiency ranges were used as guidelines for a 
() parison with these vegetable crops (Geraldson, 
Kiacan, and Lorenz. 1971; Giordano and Mays, 1976). 
The phosphorus sufficiency range for young, mature 
tomato leaves is 0.8-1.0. In our study the overall 
mean of 0.22% 11indicated a deficiency. Mean values 
for all other principal iltrients were within the 
sufficiency range. The normal values f.r Zn, Cu, 
and 11 in fruit are 25-30, 5-1, and 1-10 ppm, 
respectively. As seen in Table l,data values were 
42, 1-1, and 10 ppm for these heavy metals. Element 
content in sweet corn leaves was influenced by 
fertility level. For this crop only N was below tle 
sufficiency range of 2.61-3,5%. Data values for Zn 
and Cu of 39 and 10 ppm compared favorably with 

Ca Mg M11 Fe 1i Cu Zn Al Sr 	 IIa Na 

1.9 1.3 (12(0 114 10 19 167 1231 13 12 352 

.14 .21 63 75 10 14 42 52 <4 <6 81 

.31 .37 190 139 6.3 7.0 53 17 1.5 3.8 190 

<.05 .17 37 36 6 10 39 22 <4 <6 50 

2.1 .84 771 405 39 8.5 94 257 24 29 210 

.07 .18 (6 85 11 14 47 <18 <4 <06 50 

normal values of 40 and 6 ppm. Bean leaf element 
content was influenced by fertility levels, with sig
nificant differences for N, P, and K; however, the 
overall means were within the sufficiency range. 
Based on the normal nutrient range, amounts of Mn 
and Zn in the bean leaf tissue were excessive. Toxic 
effects above 60 ppm of Zn caused some yield 
reduction (Giordano and Mays, 1976). Data values 
of 47 and 14 ppm for Zn and Cu in the beans were 
near the normal values of 45 and 9 ppm. 

Organic matter and p1i are of prime importance 
in the development and potential utilizdtion of 
minesoils. Soil test results of profile samples taken 
from the experimental sites are given in Table 2. 
The sod of sericea lespedeza and Ky 31 fescue was 
effective in building organic matter, and the addition 
of straw or sawdust mulch used in the vegetable 
studies in some cases further increased the organic 
matter content. Accumulations in the minesoil from 
the previous 4.5 years under forage grasses averaged 
1.85, 1.45, and 1.33% for the 0 to 7.6 to 15 and 
15 to 25-cm profile depths, respectively (Jo,.', et 

al., 1975). 

TABLE 2. Organic matter content and pH status of the cropped minesoil following overwintering 

Organic Maler Content ( 

Prviotis iCrop simpte Depth (cm) Availab!, Ca(} (kg/ha) p1l No Multh Straw Mulh 3awdust Mulch 

0-7.6 21950 7.00 1.115 1.91 3.11 
"oniloat 7.6-15 920 5.16 1.70 1.76 1.73 

15-2: 	 I( 4.99 1.74 1.59 1.82 

1(140 5.411 2.47 2.21 -

Corn 0-15 1 620 6.25 2.54 2.34 
1 840 6.55 2.30 2.46 -

Bea ns (1-15 	 1 110 5.83 2.17 - 2.59 
1 40(1 6. 2.61 - 2.390.44 
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Reclamation Technology Training in the United States
 
P. N. Angel 
Madisonville Community College, Madisonville, Kentucky, USA 

As Ihe nalion id world turn to coal ias a solution 
to the energy shortage, there is an increasing need 
for field technicians having a wide Variety of spe-
cializel skills and some advanced elucation specifi-
cally in the science of strip mine reclamation. This
need is heing imet hy gradiates of Iwo-year re:lama-
lion technology programs. 

111) to no,, inlividuals specifically trained in t1h 
scienclle and ar' of reclamtnilion technology flave been 
scaircu. The (herinandi for traihr(t personnel to solve
stril rine r!clanmalion l)rOhlems hals been f)lartially 
sltisfied by professionals with (egrees in elngineemr-
ing,. ,tgrolitoy, g(eology, aind forestry. Srince strip
inira: r ln~intin is it niutdliisci~liniiry'v scienCe,there is a ned for integrating re-sorir (inanii lnt 
te(:hniqtes oif the dliffewrnt (nvironrniral spec:iili-
ties. Many professionals, when woriking in rec{lana-
lion, fin( Ihelllselves sonewhill hilrrli(cpped in that
their formal edrcaltion did not illclude integrated
resorirc inimagement training. Thus, thv need for
speciializerI rvclanation training which inicorporites 
r muri(lisciplinary iapprinch WVls Soon i(hlltifiedl.
DUTIES OF A RECLAMATION TECHNICIAN 

;ruiwrlly speaking, ia person with ,in issociiite 
degrev ill Relallnatior Teclhlnolrugy his r(!:(ivi(l
ntcrltidisr:ipliuary Iriaining whic:h includes iluslr.l(:-
lion il elnginvering, torestrv, g(ology, agronomly,
c:hwiniry, hydIrology, iigricuillural l)]lirt sciences,
re:linnuiitirlr p)ra ti:ces, reclamation l ws inl re ula-
tihos, aerial photo interpretatiot , amid soils. In addi-
thi, a liberal arts mducr ion is re:miniriiled for 
i w(ll-roirnrlei lirograri. This tri'iinirg l)repares
inlivilils for fielid positions with coal coinp~inies,
governnienit agen:ivs, r(clarrutiomn assoc:iitions, arid 
ronstiltants. 

Reclaiation technicians inassist preplanning,
which includes analyzing the geology of the area 
t(o be ruired iin(l pilanning spoil bank platcelliert tof,,;cilitate reclarnitalion. They also stipevrise spoil
grading tr control surface waelr drainige.

Colleclin. laboratory amalysis, arid interpretalion
(if sploil, water and overrurdlen simiples are( imlportant
job ftri( tions. h'lherer:laration ter:hnicirn i:coordi-
riites rnrili:hing, fertilizing, liming, aridlplailting of 
grasses, legumes, and tirues to return rnined land 
to pasturelinls arid forests. Treating acid mine
(rainage, planning land use, and training partici-
pating workiunen are other tasks. 

Many governmenlt enforcement agencies employ
reclamation technicians as field inspectors. Industry,
however, generally pays higher salaries than the 
government. Starting salaries currently range from 
approximately $7,0100 to $16,0(00 per year.

Employment is not limited strictly to the field of 
strip mining. Any environmetad (listurbince that 
requires reclamation work falls within the job func
tions of a reclamation techniciain. This inclr(les work 
on road cuts and fills. constructtior sites, natural
catastro)lheareas and on murni:il)al, agricultural, ann 
industrial vaste sites. 

COOPERATIVE EDUCATION CONCEPT 
Il any type of resouri ceinanagement Iraining,

including R:lamation Te(hnology, there is no
subslitute for actul field e!xpriences. ro emlphasize
the practical aspect of r-clarnat ion, most of the
colleges have iricorporalte d a corcurpt in educat ion 
called Cropjrialive L-li'rdtion (also known s intern
ships). Un(er this syshn, struderits alternaHe sernes
ters ias paid. frill-tinre coal colpinly or government
r!inplovevs, (uring which they work and learn. withit seetster (of toull-time studyii g. Many viriations

of this system ilre lst!(. sucu{lh is plar:ing stu(lltS
in work stations (uring the summtner months instead 
of betweun regul ir seniester termns. 

The: work phase tf a co-op arriingem e nt is m.l
vilntageolrs for students in four way:s: (I) thwy oibin 
actual work experience: (2) the,' i'alr'n i011y: (3)r 
they receive clhege r:re(lit: (4) thy Imaklke job conicts 
for permanent positions after graduation. Organizai
tio.is that participate in at reclamation co-op or 
inthrnship pr'ograrn lenefit in thlt they receive per
sonnel trained specifically in Recl,inatior Technol
ogy and have an opportunity to groom the stuents 
(luring the work phases of the program for their 
particular reclamation prhlehnms. 

RECLAMATION TECHNOLOGY SCHOOLS 
Presently, there are fi'e ongoing assorcriate degree

programs in Ihe nation specific:ally in R clamation 
Technology. For the most part, they are basically
similar in design and purpose in that they all bring
together into one p)r ogram multidisciplinary envi
ronmental training. The following educatinial insti
tuitions presently have associate degree programs in
Reclamation Tlechnology: Belmont Technical Col
lege, Lees junior College, Morehead State University, 
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Madisonville Community College, and Southeast 
in-depth discussion of theCommunity College. An 

programs initiated by these schools follows: 
B 

Belmont Technical College; St. Chdrseill, Ohio: 
degree: A.S., Land Stabilization and Reclamation 

The college is chartered by the Ohio Board of 

Regents and is funded by the Ohio State Department 
in the fall of 1971, the Landof Education. Initiated 

is designedStabilization and Reclamation Program 
to develop technicians capable of planning antd 

supervising soil stabilization and land reclamation 
programs. Course emphasis is placed on field practi-
curs and skill development, along with an academic 

An important aspect of the program is the Cooper

alive Education component. Students work on the 

job during the summers to gain familiarity with 

mining operations and the general atmosphere and 

attitude of the mining industry and to receive college 
credit as well as earn a salary. Reclamation organiza-

Educationtions participating in the Cooperative 
Lees include the Kentucky Division ofProgram at 


Reclamation and members of the local coal industry.
 

Morehead State University; Morehead, Kentucky; 
degree: A.S., Reclamation Technology 

Begun in the fall of 1975, this two-year program 
is designed to prtpare individuals for emlployment 

understanding of conservation practices iand tcoll- in mining as well as other industrial positions where 
cepts. Belmont Technical College has graduated 45 
reclamation technicians atia rate of 12 to 15 per 

year and currently has an approximate enrollnnt 
of 28 to 32 students in the program 

During the sunimerquarter. LandStabilization arid 
Re in rqarer nvold internsat dtents tiin an 


Recla mation students are involved in an internship
that provides them

and special problems program 
with an opportunity to put to practical use the 

knowledge obtained in the classroom. Reclamation 
Belmont Internshiporganizations involved in the 

Coal Company, Ohio 
program are: Consolidation 
River Colliery, Marietta Coal Company. Cramer 
Landscaping, Central Ohio Coal Company, Y and 
O Coal Company, Wheeling Park Commission, North 

American Coal Company, Marshall County Park 
Transportation,Commission, Ohio Department of 

student is evaluated periodicallyand others. The 
by his emplover along with his adviser. In the -LS 

are assigned.Special Probiems" course. students 
individually or by groups, a research project pertain-

ing to the importance of reclaiming and developing 

land for various productive purposes. The seminar 
in the eventsubstitutes for part of the internship 

the internshipa student cannot be placed during 
period. 

While cost is low at Belmont, financial assistance, 

in the form of grants, scholarships, and work study 

programs, is available for students who demonstrate 

a need. Day and night classes permit students flexi-

bility of time. 

Lees Junior College; Jackson, Kentucky, degree: 
A.S., Mining and Reclamation Technology 

Initiated in the fall of 1975, this 67 semester credit 

hour program prepares individuals for positions as 

assistants to mining or highway engineers, supervi-

sors of mining operations, and supervisors of recla-

mation operations and places special emphasis on 

surface mining methods of operation. Approximately 
35 mining students are enrolled at Lees junior 

College, and the first graduates are ,xpected to be 

ready for employment in the spring of 1977. Lees 

projects 12 graduates per year. 

land environmental protection is a major consider
ation. A cooperative study course is offered during 
the summer, between thet secon and thind semester.t s ' , 

Presently. the Reclamation Technology program 
Morehe!ad is operating on a part-time basis. There

are not expectedfore, graduates from this prograin 

1978. When the Reclamationbefore the spring of 
Technology program begins to operate on a full-time 

basis, it is expected to generate approximately 15 

graduates per year. 

Madisonville Community College; Madisonville, 
Kentucky: degree: A.S., Reclamation Technology 

Part of the lniversity of Kentucky Conmunity 
College System, Madisonvillh. Community College 

(MCC) initiated its Associate Degree in Applied 

Science in Reclamation Technology in the [all of 

1974. Enrollment now is approximately 80. 

The curriculum (;(insists of four semesters and 

requires 64 semester hour credits for graduation. 
students have thus far completed theA total of 11 

program and now are employed in the fielt. It is 
comnprojected that 15 to 20 students per year will 

plete the training. 
The Commonwealth of Kentucky is the only state 

that has strip mining in the Appalachian Coal Region 

as well as in the Eastern Interior Coal Region. Contour 

strip mining occurs in the mountains of eastern 
the flatKentucky, and area strip mining oc:urs in 

lands of western Kentucky. Both regions have unique 

reclamation problems. MCC takes full advantage of 
this situation and is therefore able to conduct in

struction and field exercises in both contour and 

area strip mining. 
In the instruction at MCC, emphasis is placed on 

reclamation field work. A course entitled "Practicum 
in Reclamation Technology" is concerned with 

practical application of the reclamation principles, 
the heavy equipmentand students learn to operate 

used in reclamation, such as bulldozers, scrapers, 

graders, front-end loaders, hydroseeders, straw 

blowers, farm tractors, etc. This is possible through 
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(:ooperative agreements with the Bre(kingridge Sat-
ellite Job Corp Training Center in Muhlenherg 
Counly, Ihe Kentucky Reclamation Association, and 

various coal companies andi government agencies 
scat tere I throughout Kentucky. In(iana, and Ten-
nessee. 'lhe purpose of this course is not to make 
heavy e(uiil)lent operators out of reclamation stu-
dents, hlt rather to acquaint them with the capabili-
ties and limitations of the equipment. This training 

heca use theyis essential to reclamation technicians 

will he directing the activities of this type of equip-

after graduation.ierit 
Reclamation students at this school have Coopera-

tive Lducation opportunities not only in the western 
Kentucky coal region, but in reclamation co-op 
positions throughout the nation. Cooperative Educa
tion agreements have been worked out between MCC 
and the following reclamation organizations: Ken-
Itckv Division of Reclamation, Kentucky Reclama-

[U.S. Forest Servi(e, Tennesseelion Association,
Valley Authority, Kentu:ky Ortphan Banks Program, 

ealbley Coal Company, slan Creek Coal Company, 

Amax Coal Company, and Pittsburgh and Midway 

Coall Company.
The Rloclanat io

iaed in till spring Tof 1976, is a ative studen 

It has as one of its mainorganizalion at MCC. 
pur)(ses the promotion of professionalism in the 

pra(:tice of reclamation technology. 

Southeast Community College; Cumberland, 

Kentucky; degree: A.S., Reclamation Technology


•tuvlegree Aom.t R emaio hlo 

qoutheast Co)mmunity College (SCC) also is a part 
of the In iversity of Kentucky Community College 
System. ,CC began its associate degree program in 
Applied Science in Re, 'lamation in the fall of 1976, 
and the curriculum is the same as that of Madison-
ville Conilunity College. 

SCC graduates approximately 10 to 12 technicians 
per year. At this lime, the school does not yet have 
an ongoing co-op program. SCC (foes have a wide 
range of finamcial assistance programs available to 
st udents, 

Other Sources of Training 

Ill addition to the five formal training programs 
reviewed in this paper, reclamation training exists 
in the form of semina's, symposia, and interagency 
tours. Also, iany companies and government agen-

cies have in-house reclamation training programs 
for their enployeev-, and several schools and uni-

t e United States offer individualversities ac:'oss 
night courses ir. strip milte reclamation or related 
subjects as a continuing education service, 

ANGEL 

DISCUSSION 

Unidentified. Are we talking about degrees? 

Angel. These five programs are offering college level 
associate degrees in reclamation technology. That 
means the students take roughly two years of college 
level training then receive an Associate Degree and 

of work right afterif they want to enter the world a four-yearthat they can r they can transfer on to 

ake two more years and get a Bachelorstshool and 
Degree. 

1. E. Winch (Canada). I'd like to know how many 
you had graduate and is there a demand in the United 
States for your graduates at this time? 

Angel. So far-I really can't speak for the other 
schools-hut Madisonville Community College of 
which I am a part, had employment ol all of its 

Since a lot of these schoolsgraduates in the field. 
are. close together in Kentucky and the Appalachian 
region, I can see where the job market would very 

quickly become saturated, so we need to expand 
coal or mining regions butnot only in our own 

into other nations as well. In fact at Madisonville 
Community College we have one man who's come 

the Northwest Territories of Canadadown from 
solely to study reclamation technology at Madison

ville and he's going back with his degree and I hope 
he'll take a couple of co-students along with him. 

So this is what our hopes are. 

Terry Bradshaw (Liverpool, U.K.). i spent six weeks 
going around Australian mining operations. What 
horrified me is that in those mining sites that I saw 

(there were no less than 31 of them) was that there 
was some considerable success by' there was also 
a lot of failure. The strict correlation was between 
the companies that had trained biologists who really 
knew what they were doing compared to companies 
which just got someone who was free-some sort 
of engineer who ran their environmental program. 
I said to them: you wouldn't think of having a 
biologist who wasn't very good in your drilling 
exploration program nor should you have anl engi
neer who wasn't very goold in your biology program. 

They've got to employ people with biological train
ing. I hope that your sort of pregram can make that 

kind of impact. 

Angel. The beauty of the reclamation technology 
schools is that they incorporate a inulti-disciplinary 
training. Not only do they get the botany, the biology, 
the engineering, the forestry, soils, agriculture, and 
so on but they get, in many cases, field experience 
so when they get out and are ready to hire, they 
are highly qualified people and they can be hired 
at a cost that's not as expensive to the mining 

company as say i botanist or engineer is. 
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Robin Cuany (Colorado, USA). In our workshop on 

high altitude vegetation held this April, the director 
of the environmental protection technology training 
at Colorado Mountain College, in Leadville, et-
scribed his course which is somewhat similar to 
what you've described as an associate degree, a 

two-year program combining biology, agronomy, 

and a little bit of engineering, and a little bit of
 

mining technology.
 
Angel. I was aware of Leadville's program, but
 
believed them to be only in the development stage.
 

Unidentified. Yes, they just graduated theirfirst class
 

this June.
 

95. 
Dwindling Wildlife in the Changing Ecosystem of the 
Northwest Himalaya with Special Reference to Rare Birds 
and Mammals 
H. R. Kalia and B. K. Kaul 

Himachal Pradesh University, Palampur, India 

The mountains of India (Fig. 1) are peninsular 
and extrapeninsular. There is a great diversity in 
their formation, climate, flora and fauna. The Indian 
peninsular mountains include the Western Chats, 
the Eastern Ghats, the Satpura, the Vindhya, and 
the Aravalli. But the Himalaya is an extrapeninsular 
mountain chain. The mighty Himalaya is stretched 
along the northern borders, cutting off the Indian 
plains from the high, cold plateau of Tibet and central 
Asia. The Himalayan ranges prevent the northard 
passage of the monsoons and also act as a barrier 
insulating the plains from the icy northern winter 
winds. The different Himalayan rafges (Mani, 1968) 
are grouped in the following two categories: 

The Cis-Himalayan Ranges. These ranges lie south
of the great Himalaya (the main range) and comprise 

the Shiwalik Range and the lesser tlimalayan ranges. 
The Shiwalik Range separates the Himalaya from 
the Indogangetic plains an(J is the southernmost 
range of the Himalaya. The lesser Himalayan ranges 
extend between the main range (the great H imalaya) 
and the Shiwalik Range. They include the Nag Tibba, 
the Dhauladhar, the Pir Panjal, the North Kashmir, 
the Mahabharal, the Mussurie, and the Ratan Pir 
ranges (Fig. 2). 

The Trans-Himalayan Ranges. These lie north of 
the main range and include the Zaskar, Ladakh, and 
Karakoram ranges. 

Himalaya (Sanskrit: Him-snow, Alaya-ahode), 
as the name signifies, remains snow-bound at its 
higher reaches practically throughout the year, but 
at the same time it provides excellent ecological 
and biogeographical divisions of several floral and 

faunal communities. The Himalayan ranges provide 
climates varying upwards from tropical through 
subtropical, warm temperate, cool temperate to sub
alpine-alpine, and arctic. The different climatic, 

altitudinal zones which determine the flora and 
fauna are as follows: 

MOUNTAIN ZONES 
Sub-zone 1. The lower hills between 900-1 000 

m, covered with broad-leaved wet forests. 
Sub-zone 2. The middle and upper mountain 

evergreen forests up to an elevation of about 2000 
i. 

Sub-zone 3. Between 2400-3000 m, forests of 
Sclerophyll Ibroadleaved plants, mainly Quercus and 
Rhododendron. 

Sub-zone 4. Between : 000-:3 600 m is the letena 
zone, which is followed upwards by the shrub zone. 
The distinctive shrubs found are Ahies spectahilis, 
R1, ododen(ron caipanulatinn,R. anthopogon, and 
R. setosIm. 

Sub-zone 5. Above this zone comes the permanent 
snow line or the arctic zone. 

The altitudes for these zones differ considerably 
in the eastern and western Himalaya. 

VALLEYS 

In addition to the altitudinal zones on the Hima
laya, there are some beautiful valleys among its 
different ranges. These valleys are the granaries of 
the hills, often differing in their ecological charac
ters. The outer valleys among the Shiwalik and lesser 
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Figure 1. Positions of main mountains and the rivers of India. 
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Figure 2. Enlarged view of the main mountain ranges in the 
northwest Himbiaya. 

Himalayan ranges provide a different set of agro
climatic conditions from those between the lesser 
Himalaya and the great Himalaya. The outer valleys 
in the northwest Himalaya include the Kangra valley 
between Shiwalik and Dhauladhar ranges; the Kulu 

valley between Dhauladhar and Pir Panjal ranges; 
the Kashmir valley among Pir Panjal ranges: and 
the Kalpa valley among Dhauladhar. These valleys 
produce good crops of wheat, maize, rice, and 
potatoes. On the slopes of these valleys are situated 
some of the famous orchards of apple, peach, pear, 
and cherry. These valleys have been developed for 
cultivation after removal of forests. The Lahaul 
valley, cold and dry, is an interior valley situated 
to the north of Pir Panjal range and south of the 
great Himalayan range. This valley remains snow-
locked for about six months in a year. Barley, 
buckwheat, andl potatoes are the major food crops 

rov.n there. However, other vegetabhles and wheat 
have recently been introduced. Kangra valley re-
ceives high rainfall (maximum 4437 mm/annum) 

as compared to Kulu valley (maximum 7119 rm/an
num) and Lahaul valley (maximum 435 nn/an
num) as the western monsoons strike the mountains 
for the first time at Kangra and the eastern monsoons 

exhaust themselves by the time they reach 
Kangra. 

AQUATIC ZONE 

Another eco:logicidl ihbitat which is at peculiarity 
of the Ilimalaya is due to the heavy snowfall during 
winter on its upper reaches and pernalnelt snow 
andl glaciers on the main limalayan ranges. The 
huge snow accumulation constitutes an iimnmense 
water reservoir of India Most of its rivers pnre the 

con sequienit rivers thought to have,( developed1 after 
mountains were formed. In the northwest tlima

lava the rivers which need special mention are( the 
Clhandra bhaga (or Chenab), which flows just alove 
Kishtwar. The Chandri and the Bhaga issue on 

opposith sides of the Btir Lacha pass. lhelIeas 
(Veas Vipasa) originates in Ihe Pir Panjal Range al 
the Rohltang pass. River Solang arising from Solang 
glaciers is the major tributary of River ileas. The 
Sutlej (Satadru) (Misra, 1970) is ain antecedent river 
thought to have existed before the formnation of the 
Himalayas whose course is traceable to the western 
region of the Lake Manasarovarai. It runs a little 
towards the southwest above Mount Kanmt ias well 
ias Simla hills. These rivers at tihe higher elevations 
are devoid of any vegetation except for some mosses 
and algae which pr(i(le an inexhaustible source 
of food for the larvae of Dil)terous families viz. 
Blepharoceri dae. Deuterophlebiid(a, Simuliidae, 
Chironomiidie, Psychodidiae. md Tipulidae (Kaul, 
1970. 1971. ind 1976). HpEhentrida, Plecoptera, and 
Trichoptera are also iabundant in the feeder glacial 
streams of these rivers (Ka ul. 1970). 

THE FLORA AND FAUNA 

The ilora 

Vubtropi(.al semi-desert lypes occur at the foot 
of he mountain. The flora is comprised of Calotropi,. 
Capparis decidua, C. spinosa, Ephedra, Pistacia, 
Euphorhia rovleana, etc. (Mani, 1974). 

Cymbopogon, Enneapogon, Stipa, and Saccharun 
species are dominant along with some of the 
members of chenopodiaceae and asteraceae. Woody 
elements include species of Berberis, Colutea, So
phora, Rosa etc. Conifers at 3000-3600 m include 
Abies pindrow,A. spectabilis,Cedrusdeodara,Picea 
smithiana,and Juniperus.At elevations 3 1100-3 900 
one finds Betula utilis with Ahies, Juniperus, Pinus 
wallichiana Sorhus, etc. Alpine zone herbs are 
Aconitum, Aquil.'gia, Aster, Astragalus, Corydalis, 
Draba, Leontopodium, Potentillia,Prinula, Saxifra
ga, Anemone, Saussurea, Thymus, etc. 
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Subtropical forests with Olen cuspidata, Dodonea in the preparation of sun-tan lotions also. Since theviscosa, lunica granalum, Pinus roxburghii occur natural stocks of those raw materials that are in great
at altitudes of 900-1700 m. demand are likely to be depleted, they can be

The natural flora of Lahaul valley includes many introduced as crops under the specific agro-climatic
species of Astragalus, Oxytropis with species of conditions. In this regard, Dioscoreadeltoidea, Hera-
Artemisia, Ephedra, lippoph,..Arenariais common cleum candicans, Costus speciosus deserve special
along Chan(ra River. Herbs such as Erenurus,Aria- mention. 
hit, Cvtoglossrm, Eritrichim,Caltha Palistris,Pe
dicularis ptnctata, Iris grow along the glacial The Fauna
 
streams. The dry slopes of Lahaul valley are covered
 
with therberis jaeschkeaii and Cuiisinia thoimsonii, The permanent abodes of animals at the highest

A survey of IIinmachal Pradesh, a hill state ill the 	 altitude (6800 m) in the world are found only in 
nort hwest IHimalaya. reveals that there are many the Himalaya. At such an elevation Collembola,
medicinial and aromatic plants which constitute the Diptera, and Acarina were discovered. One family
raw material for the phylo-chemical and essential of Dipera viz. Deuterophlebiidae is distributed at
oil indii.tries. The following are a few such plants the permanent snow line where 	in addition are also
which form only a part of the still many more found the members of the families Blepharoceridae, 
i ninvnest igated plants: Chironomidae, Simuliidae, and Psychodidae. Ephe

merida, Plecoptera, and Trichoptera alsoare com-
Name of Plant Active Principle mon. Hymenopterous parasites br.longing to Chalci-
Arteisia inaritima doidea and chuminoidea and other insect orders 

(Coutrposithe) Santonin are well distributed. 
Ephedrar gerardiana The important wild vertebratc fauna of the Hirna(Ephedraceae) Ephedrine 	 laya consists of some e" the must beautiful birdsDioscoreadeltopnea and heavy mammals. 

(Dioscoreacvae) Diosgenin Avifauna of the Himalaya (Ali, 1949, 1969; Dela-
HUeracleun clli(dicans (:our, 1951) include: Corvus macrorhynchos Wagler

(Umlihiliferae) Xanthotoxin and Dondrocittaformosae (tree pie) Swinhoe, in thick 
Ih 'sochlainapravallt' forests; Nucifraga i-arvocatactes (Himalayan nut(So Iili]ae) Hyoscymine 	 cracker) Vigors;Iaosis 	 Enicurus maculatus (the spottedspvciosys forktail) Vigors; Megalaimna virens (Himalayan bar

(Zi ngi Iracieae) Diosgen in 	 bet) Swinhoe; Apus nielba Linnaeus (the alpine
swift); Caprimiulgus macurus Ilorsfield (the long
tailed night jar): Glauciliuen cuculoides Vigors (theName of Plant Perfume/essential oil limalayan barred owlet); Columba leuconota Vigors

Vahitialua jail auiaisi (snow pigeon); Gennaeus hamiltoni Griffith (the
(Vaherianaceae) Oil of Valeriani 	 white crested Kaleej pheasant); Ceriornis macrolo-

Samussrea hapila Costus oil used ill phus (Koklas); Catreus wallichii (cheer); Lopho
(Corn positae) perfumery phorus impejanus (Monal): Tragopan nielanocepha

]ilipvrtus nmcrtode los (Fulgar); Arborophila torqueora;Alectoris chu(Cupressacea!) juniper-berry oil kor; Scolopax rusticola (woodcock); Pavo cristatus 
Arlemisia dracunculus (peacock). 

(Colpositile) Oil of essragen The mammalian fauna distributed on the HimalayaA. vestita (Cmpositae) Aromatic essential oil is composed'l',getes mimnuta (Exotic, 	 of the following animals (Blanford,1901; Gee, 1964; Kalia, 1974): Muntiacas nmuntiak 
now naturalized) (harking (leer) subfamily Muntiacinae: Cervus un
(Comiposithae) Tagetone icolar (Sambar). The members of the family Bovidae,

7y"nlus sp. (Labiatac) Thymol subfamily Bovinae, are Bubalus bubalis (Asiatic 
buffalo), Bos indicus (ox), Bos frontalis (gayal), andSufficient quantities of these raw materials are Bos grunniens (yak). The subfamily caprinae isavailable and are collected from the wild. Only represented by Naenarhodus goral, lenitrgus

Saussurvalappa is grown as a regular crop in Lahaul. juinlachieus (lHimalayan Tahr), Capra ibex, Capra
)ioscorva doltoidea is being tried for cultivation at hiscus, Caprafalconeri falconeri.Carnivora form the

Solan in the experimental farm of the department complex of Canis lupus (We.If), Vulpes vulpes (Red
of forestry, Ilinachal Pradesh University. Heraclenmn fox), Ailurus falgens (Red Panda), Hyaenna hjaena,
candicans came into the limelight only recently. F'elis species, Neofelis nebulosa (clouded leopard),
Xanthotoxin extracled from its rhizome is used in and species of genus Panthera.Suis cristatus (wild
the treatment of leucoderna and psoriasis. It is used pig) if found in the foot hills. 
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VANISHING FAUNA OF THE HIMALAYA 

It is distressing to remark that someof the beautiful 

hirds and man mals hav e not been sighted in recent 

years. The following sper' of birds were common 

only a few years ago (Ali .160: Ripley, 1949 and 

1952 ). 


Rho(Ionessa carvophvlhcea (pinkheaded du..k) 
which was very common at the foot hills of the 
Hinalava. does not seem to have been seen after 
C. M. Inglis in 1935. 

()hr'Vsia suprcriliisa(grey mo untain quail). This 
species is related to the blood-pheasants in appear-
arce. occurring in gr,sslaids at elevations of 1520-
2130 m. It is believed that it has not been seen 
since 1952. Even at that tinle the area in which 
it oc(:urred was only 2"; of the former size of its 
ra nge. 

The vanishing mammals are (tarper, 1948: Perry, 
1964: Street, 1961): 
Bos ,ronnit'ismolus tthe wild vak). Lives in high 

'Ind rugged siiOw-co(\'ered iioflitains 111d valleys ai 
elevations of 3 300-4 500 in. This spec(ies is noW 
restricted to in:iccessibi, aid reniote areas. 

Capra faconeri Ilconmri. This large, wild goat. 
with silkv hair is a thick-coated and heavy mrrimal, 
standing ilboult 100 Cm1iat th( shoulder and has )e( 
extensivelv hnttd by ran The n.:gnific:ent horns 
of the male llea(sutre aout (:il arid :recork-0 '65 
screwed. The older males possess i lng black beard 
ind a grey mane. O)nlv about fifly years ago it used 

to roam ahout in laroe herds along the streamis and 
rrvers in the Pir Panijal. hut it is now confined to 
remote and inac(essihle, pockets of lPir Pirijal. just 
about onp-fifth of its former range of hal:t ta,. 
Cervuselaphus haniglu. Another inhabitnil of high 

ranges, similar in appearancfe io the, European red 
deer, is becoming rare. 

Moschus moschiforus nroschiferus (musk-deer). 
An inhabithmt (if the forests of the fHimilaiva, around 
2500-3800 m elevation, now (((urs only in aohout 
one-fourth of its former range of habitat, 

Panthera tigris tigris was very common onlyia 
few years ago in the foothills, but nov, as a result 
of indiscriminate hunting for its prec;ious hide, ha, 
become very rare. 

Pantheraunica (the snow leopard). An inhabitant 
of 2 000-4 000 m eilevation is now very rare. 

FACTORS DISTURBING THE ECOSYSTEM AND 
CORRECTIVE MEASURES 

The phenomenon of dwindlitg o,' disappearance 
of wildlife is directly related to man and his activities. 
The ever-increasing demand for food, clothes, anul 
shelter of ever-growing human population, coupled 
with man's insatiable lust for supremacy over land, 
water, and air and his unquenchable quest for dis. 
coveries and inventions to achieve his goals without 
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proper appreciation of side and after effects of his 
actions, could only have led to the present geo
biological imbalances and maladjustments. Some of 
the factors that have contributed to the present 
situation include: 

Deforestation. liorder to bring more land under 
cult ivation of short duration food and fiber crops 
the forests have horne the major brunt, resulting in 
irreversible a(verse effects oi the existing flora and 
fauna. Ini the process, some (f the species dis
appeared, some were driven to inhospitable environ
ments, while others got confined to smaller niches. 

Cultivation of 1-ill Slopes. Advance of :ultivation 
from valleys and flilt grounds to the slopes denuding 
the soil surfce and exposing it toerosion has brought 
about major upsets in ihe estiablished ecu-systems. 

Communication. The rieed t( expand ind improve 
the roads aid railways for a variety of justifiable 
econolmic and poliuical reasons necessitating cutting 
of land, tunnellin of hills, blasting of rocks has 
had (:onsid(erale adverse elfe(t (in the wildlife of 
the hills aid mountains. 

Irrigation and Hydro-electric Projects. Another 
very important factor disturirng the existing ecu
sVstems is tlhe pondirg of runoff water. d!nmning 
of rivers, diversion i)fwater fromn (one river to the 
other for the lpurpose. of irrigation or generation of 
electricity, dgain necessitate iby human needs and 
modernization of life. 

Industrialization and .lrhanization. The spread 
(f the towns and the;ities to theIsrrir(un(ling villages 
has resulted in the destructioip of the natural forests 
n)ndthe wildlife in adition i)crearting a polluted 

atlmosphere. 
Military Operations and Exercises. Such opera

tio:;s for the countrv's defense along the elevated 
hord,,,'s have disturled the quiet habitats of several 
species of wildlife at high altitudes. The firing 
practices and the resultmuit e(choes stiare the wildlife 
iind drive them to less habitable environnments where 
their breeding efficiency is iourrn( to :eclin. 

Hunting and Poaching. Anot her iriportint, a d 
in soime cases the only, cause of the vnishing oif 
wildlife. Re(ckless aid indisc:riminate hunting of wild 
animals for food arnd decorat ive plurmige and skin 
has c:aused inriense hiarii to the willlife of whi:h 
the majestic ligers and (olhrful Imophophrus (Mmil) 

of India are good examples. 
It is thus evident thaI the existence anu perpoui

lion oif wildlife, particularly irt the high eleva t ions, 

has reached i. precarious stage. Theic(eed for presvrv
ing the natural hablitats of rmost of tlhe rare nd 
precious wildlife, the variely .n( numlr of which 
is fast dwindling under the force of the fao:trs 
enumerated ahove, cain hardly be overenphasized. 
Concerted efforts are requiredI to contain the opera
lion of these forces before it is too lahte. 



The situtation calls for positive action to preserveand rehabilitate the vanishing wildlife. To declaresome of the watersheds where the rare wildlifestill in existence, though in declining numbter, 
is 
as 


ti(sancluaries where the human encroachment inally manner, mlluch less hunling or poaching, isstrictly forbidden, woul I1w: step in the rightilircction. 
a 

Wherever possible the non-existing spe-ies in that sanctuary may introduced. Happily,Ibe; 

a nttlnber of such watersheds are still available wherethe wildlife caln he perpet uated and flourish innat ure's own wayy 

"''o sopplnemen t natutlre's role, artificial propagation
and rearing of precious wildlife! should be undertak-en by thI institutions locatud in or near the wildlife
h,bitls, with st bstaotial finatcial support from thegovernment, semi-governn or other organiza-
lions or societies interested in this task. Thoughtheri is evidence of awareness on the part of thegoverunmlenl and certain olher socielies of the needfor hlipreservation of wildlife, it leaves much to 
be desired in so far as the praclical impact is
concerued. 
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DISCUSSION 
R. Brougham (New Zealand). Is it fact that ina 
your ntrV,;otln as I understand it is in most countries,that if anything positive is to be done to protectsome of these species it has to be done at a national
 
level?
 
Kalia. It's true all over the world, There is a politicalrule where there is puiblic will. The public opinion,of course, is not based on realities but we are nowin a state where we must take recourse to thelegislation makers. Even the public are not awareof their own needs and not ofaware their own
 
i t r s s h n e e t
inheets. Thoses interests have got to le told to thema e g e tt t l o t eand for that purpose we think the legislation makersare the only ones. 
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Ecology of Borrow Pits
 
R. W. Enser and W. P. Gould'
 
University of Rhode Island, Lincoln, Rhode Island, USA
 

Surface mining is the process of recovering desired 
minerals after the removal of topsoil. Methods of 
this kind, including strip mining, auger mining, 
quarrying and dredge mining, are used throughout 
the United States for the extraction of coal, gold. 
uranium, and other mineral resources. IliRhode 
Island, sand, gravel, an( stone are the only materials 
for~*.whichareas are surface nmfined. Sand and graivel
extraction is an important industry which supplies 
the raw materials needed for building an( highway 
construction. The amount of land being utilized for 
sand and gravel recovery has increased in direct 
proportion to the increase in construction. A remote 
sensing land-use sludy, conducted in Rhode Island 
by MacConnell (1974), concluded that 1 288 ha were 
utilized for sand and gravel extraction. 

In the past. most of the surface mined areas were 
concentrated around urban centers and highway 
construction sites: however, as these areas have 
become worked-out and abandoned, new operations 
have opened in rural areas. Some abandoned gravel 
pits have been utilized as sanitary land fills and 
construction sites but the majority remain as bare 
areas or ephemeral ponds if :ubsurface w:.ter levels 
are high. Preliminary investigation suggests that 
many abandoned gravel pits support sufficient ter-
restrialand/or aquatic vegetation to provide wildlife 
habitat and a unique environment (in a forested arva) 
that has potential for outdcor recreation. 

Rhode Island's land resources are limited and the 
distribution of gravel pits is such that it would appear 
that important uses could be made of their "open 
space" qualities. Nature study areas, swimming 
areas, and widlife production areas are some of the 
distinct possibilities. While the location of most 
Rhode Island gravel pits is known (Moultrop, 1964), 
the basis f.r their recreation potential (vegelation 
and wildlife) is not. 

The primary objectives of this study were to 
determine the plant and animal communities of 
selected abandoned Rhode Island gravel pits. 

"Corntrijutiorn No. 170i of the Rhode Istandt Agricuthnrat Expert-
men( Station, Kingston. This research was supportied by funds 
from the IUSDA under the McIntire-Siennis Cooperalive Forestry
Research Program. 

METHODS 
Three abandoned borrow pits (Sites 1,2,and 3) 

,
in southern Rhodle Island (;a 71030 longitude: 
41027 ' N latitude) were selected for study from an 
invenlory of Rhodelsland pitscompiled by Moultrop 
( 964). The stludy pits showed no evidhence of reex
cavation followirng the initial ahandoinwil anda each 
)it differed in age since abandonment. These criteriaallowed for in analysis tif plant sumcssional pat
terns. The age of gravel pit sites since ,ibandoninent 
was deterniled lirimarily hy comparison of aerial 
photographs takell ill1939, 1951, 1962. and 1972. 

Vegetation Analysis 
Three methods were utilized to (hltrinie the 

following vegetation characteristics: (1) the species 
and frequency of occurrence of uinderstory plants. 
(2) the species and features of trees inthe oversiory. 
and (3) the percenlage of various cover types cor
prising the ground layers. 

[Jnderstory composition was deterrniwd by eml
ploying the point-intercept method on line tr.i.cts 
acrossthe long axis of the pit. All species intercepted 
by a point dropped at each 15 cm Ilesignation ill 
i plane along the trnsf:l from ground level I a 
height of 1 m were recorded. 13are ground" or "heat 
litter" was registered when no planlts were presenl 
at the sampling site. Frequency of occurrence was 
(:alulated by dividing the iotal number of times 
a species was irlhrcpted by he ttal number f 
points sampled. 

Overstory vegetation was sanmled by using belt 
transects 2 m wid: thai traverse the long axis of 
a study pit. Stem counts were made of all tree species 
below 1 in in height as an indication f svedling 
and sprout regeneration. Trees higher than I in were 
measured! for total height and cIbh (diameter niea
sured at 1.37 m above ground). Increment cores weXre 
taken from stens of Ile larger diameters so as to 
determine tree ages. 

Low ground cover was sampled for lype and rea 

occupied. Ground cover categories included Iare 
ground, leaf litter, moss-lichen, grasses, broad-leavedherbaceous andl woody plants. At each study pit, 

100 randomly located 1 m sq uare plots were photo
graphed in color from a point directly over tle center 
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of each plot. Cover types were identified and ground 
areas covered by each were calculated. 

Data oi density and crown closure of vegetation
adjacen Ito pits were obtained from land use maps
published by Kupa and Whitman (1972). The no-

mencat Lure used for plants is according to Fernald 
(1950). 

Physical Site Factors 
Soil samples were collected from all ground-cover 

types of the study pits so as to assess the edaphic
influence in the revegetalion process. Samples were
taken from ground surface to a maximum depth of
15cm and were analyzed for pil, texture, and percent
organic matter. 

(;round water levels were monitored by inserting
i 2.7 m long, 10 cm diameter (Polyvinylchloride)
tube into the substrate. 

Data on materials initially excavated from pits were 
compiled from Moult rop (1 64). 
Wildlife Use Analysis 

Bird observation stations were established at each 
pit and were used for ten minutes in the early
morning or evening of observation days. Species
of lirds usig the p ,or adjacent areas were recordel 
and special note was taken of breeding activity
within the pit. 

Occurrence of ma mmals was determined primarily
through trapping procedures. Larger aiinimals such 
as cottontail rabbits were live-trapped by standard 
)rocedures for a two-year peri(. Sex, :lge, and 


various body measurements were oltained fromcaptuied aliimals. Each was ar tvagged so as to 
facilitate identification of recaptured individ uals. 
Small lanirnal polulations were studied by trap-

ping and home range delinealion. Snap trapping 

was condlucted in three habitat types: wooded, closed
 
canopy, grass-shrub and bare ground grasses. Adja-

cent areas were trapped less intensively than the 

pits.


In addition to snap trapping, live trapping was

done in i standard manner on Site 2 so as 
 to beable to identify recaptured individuals. Capture andrecapture locations were inapped for each individual 
and home ranges were calculated using the inclsive 
boundary strip method described by Blair (1940).
Nonenclalure for vertebrate aninals is from theA..1. checklist (1957) arid Supplement (1973)hi rds anri 13liri et a). (1957) for ma i n alIs. for 

RESULTS AND DISCUSSION 

Vegetation 
A tola of I H species of vascular' plats wasrecord(e atIthe three study areas. Among the species

samled were 67 herbs, 23 trees, 15 shrubs, anid 
6 vines. 

ENSER AND GOULD 
Relative frequencies were computed from data 

obtained through the point-intercept method. Per
centages were tabulated to compare plant life forms
and bare ground in both sections of Site 1,Site
2, and Site 3 (Table 1). In comparing the results 
for the three study areas the sequence of revegetation
could not be drawn to describe, in general, succes
sional patterns in abandoned pits. The oldest pitwas not necessarily thu! one which had the most 
advanced seral stage. Differences in the physical site
conditions of each area wei'e responsibhle for this. 

Successional patterns can only he analyzed at Site 
I where two sections of known different age exist. 
The old section is about 40 years old and the new 
section 25-30 years old. The site conditions, except
for the time of disturbance, are basically similar;
therefore, conclusions can be drawn on the rate and 
pattern of development at this study site. The results 
at Site 2 (minimum age, 35 years) and Site 3 (about
10 years) must be considered separately with respect
to site conditions. Conclusions can then be drawnconcerning the factors which may accelerate or retard 
successional advance in abandoned gravel pits
through the comparison of these three study sites. 

At Site 1 it appears that initial plant invasion 
is by mosses, lichens, and grasses. Andropogon
scopariusMichx. is the lominant form of herbaceous 
vegetation and accounts for 21.7% of the plants
sampled of this life form in the new section. Other 
herbaceous plants in the new section included 
Festuca
iovinli L. (16.2'!;,). Solidago odora Ait. (1.3%), 
and Solidago tenuifolia Pursh (1.2%). In the old 

TABLE 1. Relative frequency of plant life forms 
and 1 .r ela t hreeeuc l i sava t te 


and bare ground on three excavated gravel sites,
basedonpointinterceptsampling 

sie I 
F'orm Calegorv Old New Sie:2 Site 3 

Bare ground 4.9 8.5 10.3 44.2 

Pioneer Ground Cover 
Liens 4.6 10.3 21.2 1.5 
Mosses 
 9.1 20.4 28.9 3.3 
Total 13.7 30.7 50.1 3.8 

!lerbaceous
1Grasses 

27.4 35.4 14.6 8.6 
Ilroad-haved 13.6 5.8 7.3 22.6 

rotal 41.0 41.2 21.9 31.2 

Woody 
Shrubs 32.3 15.3 4.4 1.2 

rees 8.1 4.3 13.3 19.6 
Tolil 40.4 19.6 17.7 20.8 
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ECOLOGY OF BORROW PITS 

section, the frequency of occurrence of Andropogon 
decreases (5.91%) as the frequency rises for Festuca 
(19.2%). Festuca is found primarily on the steep
banks in contrast to Andropogon which grows on 
the floorof the pits. The number of herbaceous plants 
increased in the old section with the addition of 
Solidago juncea Ait. (2.51',,), Solidago graminifolia 
(L.) Salish. (2.4%). Rumnex acetosell L. (1.2'%',), 
Solidago rugosa Ait. (1.1%), anti Poa compressa L. 
(1.1%). 

The establishment of woody vegetation app'ars 
to occur rapidly in abandoned gravel pits. Twelve 
Robinia Pseudo-Acacia L stems, in the new section 
of Site 1,were analyzed for age. Results showed 
that Robinia became established on the site approxi-
mately ten years after abandonment. It appears that 
woody vegetation closely follows the establishment 
of initial ground cover and herbaceous cormunities. 
Other woody plants which were recorded in the 
new section include Ah'rica pnnsyl'niica Loisel 
(5.6%). Rhus radicans L. (3.9;). Lonicera iJaponica 
Thumb. (2.7';),Rubus hispidis L. (2.5 %),and Pruius 
serotina Ehrh. (1.0%). In th( ol( section, additional 
woody plants include Celastrusscandens L. (1.9%), 
Gaylussaciabaccata (Wang) K. Koch (1.2%). Quercus 
alba L. (1.1 ",,),Acer rubruni L. (1.1 %), and Populus 

tremuloides Michx. (1.1%). 


The first invaders at Site 1 are those which have 
wind-dispersed seeds, as is the case with Andropo-
gon. The dominant tree species in the new section, 
Robinia and Prunus, probably owe their occurrence 
to seed dispersal by animals. 

The ultimate development of a mixed Quercus 
forest was apparent in the older section of Site 1. 
Belt transect data showed a significant increase in 
the more mesic trees including Quercus coccinea 
Muenchh., Quercus alba L.. Quercus velutina Lam., 
Fraxinusamericana L., and Cornus florida L. Initial-
ly, Robinia was the invading tree species on the 
site. Moreover, it appears that this species allers 
the xeric environment of the open gravel pit to a 
more mesic habitat. The nitrogen-fixing ability of 
this species (Ashby, 1964) improves soil fertility 
which results in increased species diversity. Also, 
the formation of the Robinia community provides 
suitable habitat for small forest mammals which aid 
in the dispersion of Quercus through buyirg of 
acorns, 


The continued development of forest vegetation 
in the old section will involve the disappearance 
of Robinia, dute to its shade-intolerance, anti an 
increase in the density and cover of a mixed Quercus 
community. 

Although the gravel pit at Site 2 is older than 
the new section of Site 1 by approximately 5-10 
years, the vegetation at Site 2 is not as well-
developed. A higher percentage of bare ground and 
moss lichen is present at Site 2. 
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The physical site factor which varied the most 
between the two sites was the depth of ground water. 
At Site 1, the ground water level was below 2.5 
m, whereas at Site 2 it was within 0.5 in of the 
surface, and within a few cm iof the surface in 
depression. Ephemeral pools of water (ccasionally 
formed in these depressions during vet perio(ds. This 
annual flooding inhibits the development of upland 
vegetation while the disappearance of this water in 
drier periods prevents invasion by wetland species. 
In areas which are not floeded, but feature water 
near ground surface, large areas of bare ground occur. 
The establishment of most vegetation is mechanical
ly retarded by the annual freezing and thawing of 
the soil. 

At Site 3 the distribution of vegetation was limited 
to dreas a(ljacent to a small (1.8 i wide) stream 
which bisects the site. Salix Bebhiana Sarg. formed 
the dominant vegetative cover (30;, of all plants
sampled) at Site:i. The presence of permanent surface 
water has allowed a greater species diversity of 
wetland plants. The most common species inclode 
Impatiens capenlsis Meerb. Lycojpus ruhelus 
Moench, luncus effusus L., juiicus Green\ei ()akes 
andi Tuckerm., Phragriitesc mmunis Trin., (Ulceria 
striata(Lam.) Iiltchc., and Carex pentisylvani laLain. 

The topography of the gravel pit has limited the 
development of vegetation in other areas of Silte 3. 
The banks on both sides of the pit were sparsely 
vegetated due to the coarseness of the substrate ald 
degree of slope which forms an unstable and 
droughty medium for plant establishment. 

A total of 42 species of birds was recor(h:(e as 
utilizing the three gravel pit study areas (Table 2). 
Many of the birds are those classified by Johnston 
(1947) and Johnston and Odum (1956) as forest-edge 
species. These are defined by Johnston (1947) as 
"those species which are confined to the border of 
forest or which use both the forest and surrounding 
field in their activities." The forest edge is (onsidlered 
to be a distinct community which develops in the 
course of succession from field communities to 
forest. 

Gravel pit sites provide two types of forest-edge 
habitat. First, the removal of vegetation, in the 
creation of gravel pits, forms two distinct communi
ties: the open pit and the adjacent forest. Secondly, 
as vegetation (levelops on abandoned gravel pits, 
shrub islands form which, in soime cases, are com
pletely surrounded by open areas. A mixture of this 
kind provides the distinct habitat differences utilized 
by forest-edge birds, The eventual reforestation of 
the gravel pits will prolably resultin the relacement 
of forest-edge species with typical forest species. 
Sylvilagus floridanusand the Didelphismarsupialis 



-- 
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ENSER AND GOULD 
TABLE 2. Species and status of birds recorded at


the three study areas
(a = abundant; c 	 Site I= common; u = uncommon; o= occasional) Species New-Old Site 2 Site 3 

sill! I Common Grackle 0 0 - -
Species New (Aid (Quiscalus quiscul L.)Site 2 Site 3 Brown-headed Cowbird o o - 

(Molothrus ater Boddaert)
Cardinal(Cardinalis cardinalis L.) 

- c" u -ArealBlue Ileron - - - 0 Rose-breasted Grosbeak 0 - (A-rda hrodias L) 	 -
Black Dick 	 (Pheuclicus Judovicianus L.)- )Indigo Bunting - - 0 (Atias rubrip s Blrewster) (P sserin cyaneaL.)ReIit,iih-d Hawk - - - AmTrican Goldfinch U fhuwho ja i cnsis 	 - -- -I-in)lob hile t it L.L 	 (Spinus tristis L.)

Rufous-sided Towlee c - C. C 
SCidi, us t iina~ 
pl+titds In:puri, L (Pipilo erythropthalnus L.)
(A j i;,ial iiiL L.) 0 	 Chipping Sparrow -(Spizella paisserina - u -I l ,rrin (:,il t -echstin)
l iis irntaltis 

Field Sparrow U -  -
(Phil pidSll-

(Spizella posilla Wilson)(C pe ift- -I icera 	 - White-throated Sparrow 0(Ch- pul--ia L.) -(Zonotrichija abicollis	 - 
(' luti'n r i -elin)lic 

(Couluhuhi5Eastert mralus5 L) 	
G-

Kinwhird - - o - Song SparrowSog paroKigbrd!'!is'rntm l.. 	 Cc C." C.c C.0s 	 (Mfelosrizil Inlodia Wilson)
(;inN r yahheL)(;rl.it Crestfed, lrintycllr 	 Mourning Dovei - 0 -	 U (Zet ida nmacroura L.)	 C U
(A yhias 11 grillihis L) KldeIrTe Sw,,IoIw 	 LI U - - Killder 
(Iidoprocnebicolhor Vielhol) 	 (Cha.-adris vociferus L.)tirni Swihll w U - 0 - 'Indicnes evidence located for nesting within the gravel pit.I1hirimi ,, rslica L)

I1tti 1.1y c 1 U t 
(( 'on o iltia icrislata L.)(:,uil,,, :r,,w - -
((Crioms hr,.hi, hychos" 

L. were the only species of large mammals live-
1tre'Ihnj trapp(,d in the gravel pits. SciuruscarolinensisGmelin, Tanias striatus L., and Marmota monax L.ttt.i.k.:appid Chickildhe 	 werec LI c(/,arus ,itricuapilloi L.) 

-	 also observed in the pits.
Eight white-footed mice, eight Blarina brevicaudaMiikirglitrd D L u u(y tillis i,, 	 Say. and one Microtus pennsVh'anicus Ordu".c"captured 	 were 

(rl,,("utt'll , 
c" 	 during the trapping survey on Site 1. Thei Ic. C. C.

(iiitow,ih.h i-lol--
majority of captures for all species were recordedfrom the closed canopy forested areas within the 

, .gravel pit rather thanAitiu.,ii toiinL C : 	
from the open, herbaceous

communities.(Iiirdtusmigratorius ..) At Site 2, whereWood Iittrush L -	
a home range survey was con- I

(IIllo:i:hlI.) In istcLlina 	
ducted, 44 small mammals were captured. The dominant species,t;llleill) 	 and the only species which wascaptured within the gravel pit,Strns lr 	 was the white-footed mouse. Eight individual mice were selected fortutthk-ai.,i.Whiis rWirlga - L - calcuhi tng home(Mna il Wrbleri 	 range on the criterionYv(lw Warhhli 

-
- - 0were cap'ured 	 that theyf - - ell 	 more than three times. Juvenile micewere the only individuals captured within the gravel 

(Indrti,:a techia L)
it-wingitd lltacktird - - -	

pit. Since suitable habitat for white-footed miceconsists primarily of forest areas(Agtclauios phoetnicnes L) ((;etz 1961), it would 
NortlLrn )riiLh appear that the occurrence of mice in the open pitc LI0 -C 

(I:teros sturius I..) 	
is title to juveniles dispersing from a population
of the adjacent forest habitat. 

577
 

10.1 



i 

SURIFtCE AIINFS FOR 

REFERENCES 


Ashlby, W. C. 1964, Vi.' lgtion 
,irci iliso lt'rn Illinois. lr., 

Hhiir. Wv.F: 19401.Holmn, 

A AE.I)ND NOiN-(;AMtE'BIRDS 

mjuhtrn Nihn,-an. /
litti , W . F'.Blair, . P.. Ih, larb, !' IMi oort . ; 

in t Itill. M, itt,4(21. 149-61. 
P, agh,t..
 

IS'. \Vtr r h ..of thit 
 I 'llhtd stlat .N'v Yirk litI -
Hillih.ik ( I]i1n:1-e'ila .'k
l. , )511 C.r.it1 in i~il ,,, hoLt,nit. m h vdq. Nv,%.York.,NAnCintnn 

.'1,I .1, li N(ih's I)I 'hieIm:<,disilr itlim 


dvioptilt-m' tin a strip-llinud 
. Illinoi ,liiitts. . 57'(2):7tt-itl. 

.11111intiipnl'itiiiiis of 01v InlfItim 

IWhilsh, 1)ill rI'latdillI. illid (),iulltophill st(: 


ln i l".t7 )Iit
I.oio y X 5 

E. 1I'. l. Iruediniiio..i1 tird Jofl ;llimslloillOwl Pilllolml of G;vorgil
 
,
 

t 

Jr, osohnstol,
V,V R. .-17. Blrit ini birds of 111,fori st edgi. in Illinois.Condor 49t:4-15 3 . 
KIp1. 1. fnil \\'iinin, WX.R. 112. Lint)K sL ,l.: A llt' holi,. Univ. :eier Itlvts of!Rhodo ,1ntri.3 R od. Sr it , r. Exp[i. 

AIili.
4 0. 

t 

,'M 1.1 il I, h, 10.,11dll.%% Irliv. Rho:h. Island Cooll..t). 12.4).1. l a n d i'1 F". 1 111ll. 

11l ll.t
,,f s, 'i.s. Rhd(11)..
O'M, An:,,,id !ovZIplt., huld:,,,wlls. .11111'r, .Midl ho iVif. 651t_'):-4H6- Ishlhd, 1,1%.I'lligi.R/llvel Ing l,v~111 1; tr y ~n v h~t., 


97.
 
Reclamation and Management of Surface Mines 
for Game and Non-Game Birds 
0.E Samuel and R C.Whitmore 
West Vircginia Univercziy Morgantown West Virginia, USA 

In 1975..47-)h i(hhill lin ', .ti jw(t jn(l

ri' la mutd in Wii\i: oVi . . I),,p . "t n11l 

!6'sotlru;es, 1976). As of 
 -,( tei 

f'lce mines disturhld neinly l(M)ol)) 


(Ii t l, IT 1,. ir sir-
h, ,f hill ilnd 


in \West Virginia (Stnit dil Rioiiit. 1972). Ilijl:ent 

\'i-i7 ,thi .,Iiout 
 i, in \'i (if"laind r.li i-st iroinithIlm- incrf isdt, . !if l )T1, ll~,t mi nlino.J in W\\' t 

Virgini il isillu hil h w.il'20:12. ( 14i8 hi '.e 

rf,(lhjrird lB. 
 Lush. prs. cniun. .. '\li wit 43 60)( hai 
of stirfam; m eid(,Itid still riquirrei ilnti' fltilr
West Virginia (Stanfori R,tiorl. 1972). 

in 

Methods for levfi-totion hi\'lc:ng!il Ii1lint 

"'ears fromn the use of 
 rie-s to a statbilization lro(.,s
of )Iintin-iignnuials, griasses and lequties. First-vlr 
growth of tonial grainis oin these! sites is usially
uite dlellse (I'. 1): grlasses and l!uii es rli-aill 
htl ustlillv ijecilr se in densiiy*from years' 2 to 5 
(Fig. 2). Such recilarnition in elneral (;ol\''erts forest-ed land and some tilhible land to grasslands. It also
alters the ftitna present in the ;irea. 

Revget ationi aS j7resentl-y done slows the rate of 
essii on ils l c;c a 5(t- 1 0 0 ears m.ay lie req uire d forthe vegetation to retlrll to d pre-mirned stae. Rateof successio(n ight he increaeid;( by some selective 

planting of trees aid shrubs at the tire of originalseeding o)ras part of ; secondary reclarnation plan
5-10 years after mining. This wjll ,llow stabiliza-
titun and increase plant diversity. 
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The 
ining operition ,tsi his (chaligid: in the 
past 2(1 years. Prviously, mittinig ip-ratiiins will 
relttivelysmill, little land was ilisturli d,lth, sitrthi,i
mini, hench w s arnll-i'MN -:d new idglgs wer,, I.tiidwa0 
ill forests hi\vili, i livirsit- of iciivi-r types, hi-n iti;il

Io w ililifl, (Rih'v, 
 . "il i <. irth-ilivillgi-qulipnwl ntl c;rv,itll~sv'fft l1.-,ts o ill il d I I , ,ind 

as with intist grili'titdlll eli1.,rsity is Itiw. This is
 
ivideritqil h y i;lliparilg lh(.
hihgherlhlilirig tirul 
i;{lllts Ironi oldol sur't ii: illinis with th-, hlit lir

ols nlilde oi)l Illole rii;;tlv r':litnleii Ililfs
 
flrewr, .(1511: KaI 196hI:ir id Ft'in:h. 1975).
9)ilr. .(i4 

(AIALE
VARIABLES
 

Various faitirs allen nithe! species alitI :ihnlher
birds find il rectihilned silrfil Iniis, 'hese in
th]l ebagV Of mil s (which dheeltlinus Sli:C(lssioi ill 
hlnges ani inlii:ates tie existing lwiha gveie111;1 ,reclailtion atlthe fhit! of nlining), si-ze of the sitIe,

vegetation til the Site, ntd t:onlditiorts of Ihel soil,
slope, aspect, t;irllate, aid surriliouding hilhill. 

RECLAIMING FOR GAME BIRDS 
Blasically two i tvpes of relailnld mines are found 

in northern West Virginia: sites rehilnedl 11-2(0years ago coisisting of rather dlense,tree standis and 
some unmlersttiry shrtrbs or grasses (although acid
;onditions oin some of these older sites preclude 
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Figure 1. First growing season of a reclaimed surface mine Figure 2. Reclaimed surface mine approximately five years after 
seeded to a mix of annual grains, grasses and legumes, This seeding to mixed annuals, grasses and legumes Note bare 
site was mined twice: the second operation removed the patches of soil and taller lespedeza growing in lower right. 
highwall left after the first operation. 

grovth of aiy vgettliOn), 'nd r'titi..- si!t'iMgy rvi. oats. buc;kwheat) and mixedi ld -.. grailis (e.g., wheat, 
olhhr sites iin' living stil)ll again tindrilimed grasses, and irds apparently were feeding on these 
to grasses (Fig. 1): aim surfatei iuns today an'r grains. 
reclaimedl as grasslands. The;refore, we%(shall limit Surface mines seeded to grasses :oul be made 
ourdiscussion to Ihese siles. ()ur comnlenls are based more attractive to doves if we did the following: 
(,iohservations meade over lhe past four years of 1.Seed annuals each ytear. This usually is done 
research. the fir.;t :withyar in a minxtre grasses and legumes. 

tPresentl ridlamlttioln prt'cidures appear to favor Thnill during the second growing season, the grasses 

those species are abundant and legumes take over and provide a stabilizationludwhite quail sinceagric~ultural iir-viis. ''hvr ispotential, howvveerr, for rrop. \khen seeding annuals after the first year,
hrse, ind towevr, sh,cted withagrictul re. potenil. %Van area should be on the mini'd site 

w lgoodco sck, grise, and wil turkey when the ptorest grass cover.ruiffed to avoid competition. 
small grass clearings j't cieat in a large forestd 2. Disc: forest edges and hydroseed mixed shrubs. 
area. ''his also may enc(utrage volinteer weet species. 

Mourning Dove 3. Plant pines in clumps of 6-8 per ha, or rows 
Th'll(! most :oni n Ame,'ric:an game hircl, Ihe every 80-90 meters (Davis. 1973: Vogel, 1973: Plass,

mourningtov , i I is aheht i 1974).osmo very stame. 
mn hilourn dove, vsj iveryst t rit s ath 4. Check soil :onditions over tle: years. As acid ry. along 
in hill country, especalyaln.g major rivers with lec:reases through leaching, plant diversity can be 
mixd forests and farmlands. Doves nest on the inc:reasvd by seeding millets and various legumes.
grttiiiid or in shrubs antI tre, c€onmonly uisingRembrtathsansbe etrco e

bie spruce (Pi:va ptingens) and Remember that these ant suhseqtent reGOnlmenconifers such as 
anti Kossack, Ilations are! not made from an ectonomic: viewpoint,whilte pine (Pinus strobus) (alnson 

wheat, varitus fox- but rather what might be best for wildlife. For19t63). Corimm-on foods are corn, 
tails and millets (Setaria sp.), com mon ragveed example, hydroseeding most probably will bertefit 

(Ahnlrosia artminisifolia),and various noxious weds wildlife, but it c:ould cost as much as $1000/ha. 

and grasses. 
Doves aet,known t,breed on old surface mines Bobwhite Quail 

(20-5t) years old), where vegetation is diverse 
(3re'wer, 1958; Karr, '19611). Terrel and French (1975) The bohwhite quail is another common Ihird of 
nothcd cloves on recently rc laimed surface mines the East. Adequate winter cover is a problem espe
in Alabama, and we also observe!d high dove popula- €:iaily in the northern part of its range (which 
rions on first-year recdimed sites, espe:ially during includes West Virginia), and winter mortality is 
fall migration. Such sites are often seeded to annual apparently a limiting factor (Rosene, 19199). 
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slop, CO (lldtlivi It) ililloff hit noi)t orosioiI. Soild 
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litist ie high Iiilmghl tlto i hillii a m)Id gil wt", 
of weeids. loltd with a li lI iIsi (i.st.. tiiest,tu\t 
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Figure 3. Site reclaimed in mid-1950's with good herbaceous 
and volulteer growth Size of disturbed area is much smaller 

tain tha! of todays rtines 
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1950; MacArthur, 1954; Orians and Horn, 1969; and 
Emlen, 1972). No serious ecologist would doubt the 
importance of non-game birds to the ecosystem, but 
birds also have furthered our progress in other fields 
of science (Evenden, 1975). From a recreational 
standpoint it is impossible to estimate accurately
the number of people who "watch birds." One 
eslinmate in 1972 placed the number of birdwatchers 
at over 14 million (Payne and lDe(;'aaf, 1975). lnterest 
iibirds has increased dramatically in re(enl years;
nienhership in the National Audubon Society has 
grown from 41 00t) in 1963 to 321 000 in 1975 (Payne
and De(raaf, i975). ()he paper reports that serious 
birdwatchers may equal hunters ill st iiiiiri andmlay
exceed them in knowledge of the out-of-doors (Payne 
and l)e(;raif, 1975). (:oinonic:ally., non-gmne birds 
have receiv.e(I little nattional illtttion. Ilowever, in 
1974, tl American public spertl more than an 
es!inIated $500 million enjoying non-game birds 
(Playne aind le;raid, 1975), considerably more than 
tih,, $3oo million spend on ginne-hird hntiing. This 
isill) eslilitille Il)se[ ()i lrect exl)en(ilore and doeis 
not ii:lle the cost of such ihltens Is Ir-av-i. clothing,
and field expenses 

Answers to the second (It 'stiol 'le liss obvious, 
low do we know which species arv important to 

ain ecosystell? The elvironrliwlill purists may say
all of them," and this may 1e ine. Blnt if Al (if

the component species of an ecos'stem are inplor-
tlit. then howcanl heyall )e ritrr'ned toian inipi(te(l 
area su(ch us ii sorface mine? 'I'he answer is simple:
rletiirnt the areal to its originl state. thvowever, this 
nv not be possible, arid certainly not (1i rig the 

lifetinws of tlh:se who begin til r( il~l tina l r:e-.
(dll's. 

()m ovr-riding problien with creating areats suila
hi, for on-giine hirds is that knowleige iloul the 
slpvcifics of iiviiin habitat selection is licking (Verner,
1975). We know which birds live in each general 
habitat type, but quantifying the relationships so 
tit specific reclinmlioo models canii (:)onslrttled 
has lnt hieen uichiiive.. Further, it has been estab
lished thal h lbitat relaitins are important tot birds 
more often lhin food tliniinsions, which are impor
lant mre oftehnOw temporaidimensions (Schon er, 
1974). Therefore. mnintilativ! stuidies of hirds and 
their respective habilas seems, at least, a reasonialh 
first approaich to the manageniit of reoclain,,d sur
f:e mines. [Until our data base (i ivian habitat 
use is increased, reclanration must continue. So the 
questim renlairis: what to do now? 

In tenijierate North Aiericai it has long been 
estalblisheul that iicreased vegetational diversity 
leads to increased avial diversity (MacArthur anti 
MacArlhur '196I; Karr and Roth, 1971). Therefore, 
unti thil me ded data are a:cu nllu lateld, it wourld 
apipear that Ihe goal of surface ne rei:lamation 
oight to he te same for loll-gaeill as it is for gain( 
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birds: to increase vegetation diversity while still 
trying to retain and upgrade the soil. 

The apparent goal of surface mine reclamation 
in West Virginia is to sthibilize the topsoil as soon 
as possible. According to the 1971 surface mine 
reclamation law of West Virginia, the operator must 
have at least 80% vegetation cover after the first 
two growing seasons, spring and fall being two 
growing seasons. Therefore, mos; operators regracle
and hydroseed the site, leaving behind an essentially 
uniform grasslad, not unlike the Great Plains of 
North America,. Obviously, the bird(comm unities are 
drastically chE ged. Our research indicates that what 
was once a mixel (eci(luous f,)rest supporting 45-50 
non-ganm bird species becomes a grassland support
ing 3-8 non-game species.

Associated with these griisslands are several spe
cies of sparrow which, prior to this form of reclama
lion, were not abundant in West Virginia. These 
species, inclu(ling the grasshopper sparrow (Am
'nodramnussilt'ainnrir n). the savannah sparrow (Pas
serculus sahidwichoeiisis), and the vesper sparrow
(lion.cetesgraijiells). appea to have henefi ied from 
surfice mine reclamation. [hey nest n surface mines 
where there is not l(o()", vegetiltion cover (Fig. 2).
IHowever. as Ithe iaris matiore (i.e., 8-10 years after 
seeding) iany sites have grass so dense and litter 
so deep th,t ihese sparrows will not nest (Fig. 4).
Further, natural successim alppears to hi drastically
slowed, since "pioneers" cannot get through the 
litter. Therefor,. maniagemnent of the grasslands 
seemls nieedIed. Sevdr(l te(hniqes Corimnly used 
by ratnge managers, SLIch as grazing or fir'(. undoubt
milly w(uld increase aviain titlization and the rate 
of natural succession ol reclainied surface mines. 

Figure 4. Asite reclaimed in1966. Ground vegetation increased 
from years 5 to 7 but has decreased over last three years.
Scattered black locust occur on the bench and autumn olive 
along the highwall (top and bottom). 
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98. 
Extending the Seasonality of Growth 
of Hill Land Pastures 
J. H. Ollerenshaw, W. S. Stewart, J. F. Gallimore, and R. H. Baker 
The University, Newcastle upon Tyne, England 

i'llegrowlh of hill pasture in Britain is highly 
steasimal, there ling very littie leaf growth for six 
months and 75% of total annual -rowlh produced 
wilhin three mo nths of the year. Newbould (1974a) 
has shown that this applies equally to unimproved 
in(li,,enouts pasture and to pasture improved hy
grazing control, fertilization, andtIhe inlroduction 
(if (:lov(r (Fig. 1). Animal stocking rates in the hills 
are, therefore, low, since pasture growth is very poor 
at precisely those periods of the year when animal 
nutrient requirements are high and bought-in winter 
food is expensive. lHence, summer pasttire prodluc-
lion is undergrazed, and the consequi ' accumnula-
tin of' mature anti senescing herbagu seriously 
reduces pasture quality in the succeeding autun, 
winter, and spring (Eadie, 198(1). It is thought that 
th( accumulation of dead and decaying leaf tissue 
also reluices the rate of growth of young and nutri-
tious herbage in the spring, possibly by redlucing 
the rate If pasture photosynthesis (Newbouild, 
19741)). As a resultl if low herbage quality and pasture 
growth, grazing animals are often poorly nourished 
prior to mating and throughout l)rignijncy and early
lhication. Consequently. fertility l.eels and hirth 
weighIs are low andl ,ortaidly rates high in grazing 
animals ((;unn, 19(17). 
'lhe major fit, causing the short growing season'f)r 


is thought I, he hmmperalure IAlcock and Lovett, 
19663). Cooper imd l'lre'se (1971) have rel)orte(l thal 
the threshold soil tenipnoiture for utilizable growth 
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is 5 to 6 C.Mean soil temperatures in the hill areas 
of eastern Britain from October to April rarely exceed 
6 C and in the west are only a degree or so higher 
than lhis threshold value. There is, however, consid
erable inherited variabilily in the growth of grasses 
at low temperatures and this might be exploited 
to extend the growing season of hill pastures in 
Britain as shown in Fig. 2. Grasses from southern 
Europe and n(orthern Africa, which exhibit relatively 
good winter growth inBritain, are potentially useful
 
in this respect, but are not frost-hardy (Cooper. 1963; 
Lorenzetti ' a., 1971), while grasses from northern 
Eiurop., especially from continentai climates, are 
frost-hardy, but prod(uce little winter growth as a 
result of strict winter d(ormancy (Cooper, 19(i4). Little 
investigation has been made of variations in the low 
tenperature growth of hoth grasses and c:lovers from 
northerly latitudes, particularly from northern mari
timile regions where indigenous species would be 
expected to show sone pltential for growth at low 
teneperatures, together with adequate cold hardiness, 

MATERIALS AND METHODS 
Several ecotypes of Agrostis tvnmiis. Festica rubri. 

LWolium peremnne, and Trifohiunirepens w%!re collected 
from a range of environments in the v;est of Scotland, 
the north of England, and the west coast of Norway. 
A limited numbner of pol .dations of Festuca ruhra 
were also obtained from Iceland. Collecting was 
c:oncentrated in localities where inligenous ecotypes 
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Figure 2. Possible extension of the seasonality of hill pasture
Figure 1. Seasonality of growth of hill pastures (after Now. production by introducing ecotypes adapted to low tempera
bould, 1974a). tures. 
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considered to be very late in spring growth (New-
botild, 1974a). However, the leaf extension rates of 
the A. tenuis ecotype shown in Table 3 compare 
very favorably with that of the L. pereime cultivar, 
S24 in Table 2. S24 is known to be an early cultivar 
and shows good growth at low temperatures (Pea-
cock, 1975). 

White clover (T. repens) is an essential constituent 
of upland pastures, since expenditure on nitrogenous 
fertilizers is not fully justified in a low budget system 
such as hill farming. Existing clover cultivars start 
growth late in spring and are thus at a conpetitive 
disadvantage. They are also slow in suplying or-
gani(; nitrogen to associated grasses. We have found 
a number of 7. repens ecotypes capable of relatively 
good growth at low temperatures und( r controlled 
cold cabinet, lowland, and upland conditions (Table 
-4). Other examples have been i*ited by -lherenshaw 
(1975). 'c(otype 24 originted from a lowland site 
and prmved to be irost sensitive, having been almost 
conlplete!ly killed out under hill conditions (Table 
-1). Conversely, ecolype 102 grew well at Redesdale 
but was not outstanling in growth under the conili-
tions of the cold cabinet. 

When growth is adapted to low temperatures there 
is evithence that there are associate( chianges in the 
rates of photosynthesis and dark respiration (Ilisek, 
1973). 'lhe h1igher (lark respiration rates of plants 
from high altitude and/or latitude (Stewart and 

TABLE 4. Mean rates of stolon elongation of four 
Trifoium repens ecotypes over six weeks 

StoIIU t.\Isiof Rtesti *ACKNOWLEDGMENTS 

(11(1 stuhin/w ek) 

Winto'r Field (Conditions. I1970' 

Cold Tyne Vllv Ilish 
h':411%11, Cahiliv thwl.uo) (utpland) 

Cullivar Sl(4 2.1(1 2.216 1.1 

77:Norilhvirn :1.22 .#12 2.79
".12 .111.0) :.15 0. 10 
I0)(Iri0.10 .50 1.(1 
12-;11(1 - 1.05) 0).79 ().162 0.56 


Bannister, 1974) are thought to compensate for the 
lower temperatures and shorter seasons experienced 
(Mooney, 1963). The more cold adapted Icelandic 
ecotype had a greater ex.,.,ss of photosynthate than 
the Northumberland ecotype at 5C (Table 5). Similar 
results were found at 2 C (Ollerenshaw et al., 1976). 
The higher respiration rate may indicate a greater 
ability to use photosynthate for growth at low tem
peratures. Measurements of photosynthesis an(d (lark 
respiration rates may provide a rapid laboratory 
screening method to test the ability of plants to grow 
at low temperatures. 

Some of the grass anid clover ecotypes which we 
have studied have the ability to grow well at low 
temperatures and low light intensities and may 
provide useful genetic material for improving hi; 
grassland production by extending the growing sea
son. There also are inlcitations that some of Ic:;e 
ecotypes may be cold tolerant. Cooper (1964) showed 
thdt grasses collected from continental clinates are 
frost-hardy but produce little winter growth. An 
inverse relationship between growvh at low positive 
temperatures and cold tolerance at sub-zero temper
atures is thus thought to exist in temperate grasses 
(Cooper. 1973). However, there are some members 
of the Gramineae., winter rye for example, in which 
the combination of winter growth and cold tolerance 
already exist (Breese. 1964). We suggest that there 
are natural ecotypes of grasses and clovers from 
northern maritime regions which may also possess 
this combination of characters. 

We are grateful for financial assistance from the 
Research Fund of the University of Newcastle upon 
Tyne and from the Royal Society to conduct this
research. Thanks also are due to the Director of the 
Redesdahe Experimental Husbandry Farm. Mr. J. 
Thorn pson, for allocation of land and to Mr. T. Foster, 
Mr. R. Hodgson, and M/vr. 1.Bond for technical 
assistance. The senior author also wishes to thank 
the Hill Latd Symposium Commit.tee for the gener
ils travel support given in attending this Synipo

si111 1. 

TABLE 5. Rates of photosynthesis and dark respiration of two Festuca rubra ecotypes at 5' C 

'hotosynolhesis (I') l)lirkRespirdiliot (R) p/R 

tug CO,/g do- w'ibuht, 'hour 
(entric h:,elund (I) 17.77 1.41 12.59 
Noflitlidbwrland(icmist(02) 11.11 1.26l 8.810 

I.1) (1'-1.115) 1.20 0.15 
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DISCUSSION 
R. Cuany (Colorado, USA). Do you have plans to 

plit these into seedl prodliction? 

Ollerenshaw. Yes, the next phase, as far as we're 
concerned, is lit cross t ltillhlel' (if genotypes w ithin 
lfalh eC o)y pIl illl( t) p rod uce seed s fr om th is and 

tt,
grow it inll iiiplots to see how t.hese performn iii 
upland situiltions. Past thal stilge, we will h1ll(d it 
oin, I think, to tho \W vtsh Plant Breeiling Station, 
since we are not mtlltavl stock hrelers, %t'ri nore 
ilg tironil ists ind phy'siol gists. 

G. Jung (Pennsylvania, USA). Anothtr strategy
might he termplo*iv ed itistlttid of vXt(',tding fte 
growth period for i species, you might think alout 
the possibility of utilizing other spe(cies that readily 
grow at low tlelperitures. I lhl in mindl rye or 
winter wheit or kale, reod tunip. aud with the advent 
of no tillage eqllipullenit. ,at least inder oii' country's 
conditions, it would s(mu to be i strategy thal should 
be looked into. Ilow would that fit into v'uir situa

tilH ? 

Ollerenshaw. gireel that this shoild It)e looked int.
 
andn' ill faIct as fill as lslrittlill is c ncetrIed, we ile'I!
 

looking into L-i'erjl stat l: inthis. 'xlple 'imeint are 
'"ItNI- tur.lips--very fas growvillg ove'!r
 

t short teriotd . timll',--illnd p ssil' out ort IVo
 

have interest in winter rY',s ais well. But it is an
 
t!e pel sivt prr( t ess (iS fill- Is tli p .s;ip coicu ll ( l dl,
 
(if ;oiirse. It'sa one-op jol) itl the'.hv to cltivate
 
again.sIIineXt aseinte: rye, is i;one;erl 1,
 

if %'oitl try it ) t'elt this for I l ng period of tille
 
I think 'l'' go0ing to oet prohbhlls of mo ilpt;ltioll
 
to, hill Lind c;(lid.' ionl' ,Indt yv l Illitly "(it liltivc+'Ilt+(ts
t 

coming!.baliirigI tack in. It wtoi'll lt interest ing, i!,0, liir;Il
lok iit It1f pssibility of1 sinlg tifft~rentl slm-ies foi

l2 Ia- I4. 

iifferent purposes at this time of year. If we! could. 

.ay, grow timothy for high production ill the spring
alntld not have Itt graze it in the atitimll and grow 
another spe:ies fiji' prodtion in th autun like, 
siv. p'rlnr ial ry,mirss. I think that vould be hust. 

586
 



99. 
Ecological and Production Aspects of a North- and
South-Facing Slope Pasture System 
L. P. Stevens, G. C. Anderson, and P. R. Henderlong 
West Virginia University, Morgantown, West Virginia, USA 

Land areas unsuitable for tillage represent a major
grassland resource in the Appalachian Mountain
region of the eastern United States. Although such 
areas are important in themselves, more effective 
use of the steeper Lill land areas occurs when they
are combined with land suitable for the production
of ma(:hine-harvestable forage crops for winter feed-
ing. Such combinations are synergistic; both in terms 
of land use and the production of beef cattle andsheep. 


Technology required for the effective use of tillable 

areas for production 
of forages is well established,
This is not, however, the case with hill lands wheie
maintenance of soil fertility and the effect of such 

factors as slope, elevation, and exposure play important roles in determining use and productivity.

I lowever, detailed information regaring yield 
re-
sponses an(d management systems as affected by
slope orienlation in hill land is very limited (Bennett 
e al., 1972; Grant, 1968). Chang (1968) suggested

that slope exposure is a more important factor in

the midldle latitudes than 
 in the polar regions and
will exhibit a greater effect in the summer season 

because of the ratio of diffuse to total radiation during

mid-latitude winters and year around in the polar
regions. 


South-facing slopes commonly exhibit much great-

er soil lemperature extremes, producing a 
 more
adverse microclimate for cool-season or temperate 

species. Pool (1914) reported soil 
 temperature dif-ferences of 30 C between north- and south-facing
slopes in Nebraska. Maximum summer soil lempera-

ture at 2.5 cm below a bluegrass sod was uommonly

11to 10 C lower on a north-facing comil.arecl to a

south-facing slope in West Virginia (Benneit et a).,

1972). Brown (1939) reported that the optimum

temlperalure for bhlegrass root and 
 rhizome growth
w;is between 10 and 15 C. When soil temperatures
increase above 20 C underground grotwth of bluegrass
is extremely limited; soil temperatures al)ove 25 C
tistially result in summer dormancy.

Regardless of the inadequacies, bluegrass is well
adapte(l to the cool humid regions of the northeastern 
U.Jnited States. During favorable environmental per-
oils Iluetgrass pastures can and do provide satisfac-
tory levels of animal performance and persist even
under unfavorable management systems (Blaser t
a)., 195(6). 

Low soil fertility levels are common in humid
hill lands of the United States. The use of the
helicopter as an agricultural implement has made
the amendment of plant nutrients on difficult terrain
feasible and practical. Return from improvements
in soil fertility must be adequate to support continued
investment. To this end, appreciation of such items 
as slope, elevation, and exposure is necessary in 
developing management programs.
The purpose of this study was to examine hill 

pastures as an integral unit of forage-grazing systems,
with a major emphasis on the effect of slope exposure
in the overall system performance.
MATERIALS AND METHODS 

A hill area with a southern exposure was divided
into six pastures of 0.57 ha each. Similar areas were
established on a northern exposure. However, the 
area involved reflected a slight eastern or western 
influence. The slope of these areas varied from 15 
to 40%; within pastures. Differences in slope among
pastures on an exposure were considered in estab
lishing replicates. After appropriate soil amend
ments of lime, phosphate, and potassium were made,
the hill pastures were seeded to Kentucky bluegrass
(Poapraten.:is) and conmon white clover (Trifoliurn
repens). A year (1966) was allowed for establishment 
during which time the pastures were grazed by cattle.

Tha arei: between the two exposures is gently 
rolling and forsuitable mechanically harvf-tedforage production and/or grazing. This area, desg
nated as meadow, was divided into twelve units

of 0.85 ha each. These units were arranged into four

replicates. Units within these replicates were seeded
 
to 
 Kentucky bluegrass, orchardgrass (Dacty'lis glo
merata), or Kentucky 
31 fescue (Festuca arundina
cea). Two replicates were assigned to each hill 
pasture exposure to form three pasture-forage pro
duction systems as outlined in Tables 1 and 2.

Location of the site is about 39.50 N and 79.80 W
elevationat an of 550 m. Annual precipitation of

1 150-1 300 mm is reliable with 50 to C3% of this
falling during the frost-free period, May 1 to October
1, About 25% of the annual precipitation is received
in the June-August period (luring which time highest
annual temperatures are usually recorded (mean
maximum of 10.2-14.5 C). Meterological monitoring
stations were located on each exposure. 
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TABLE 1. Design of trials, pasture and meadow 
arrangements 

Hill pastures Associaed Mtel o Ar,, 

Exposure Number 
Size 
(ha) 

(rass 
(sivtics) Number 

Siz 
(ha 

South 6 0.57 Fescue 2 .0a 

Orchard 2 0.85 
BWgrass 2 0.85 

North (1 0.57 Fescue 2 0.iS 
Orchard 2 0.85 
Bluegrass 2 0.85 

TABLE 2. Utilization schedule 

Date thill asturs 

April 15 Begin grazing (S.E\) 

May 1 Begin grazing (N.Ex) 

Jun, 1-15 (raze 

July 1 Rest 


July 30 Graze 
August 15 Graze 
August 15-30 Rest 
September 1 Graze 
October 1-15 Terminate grazing 

Meadow Areas 

Hay harvest 
Graze and/or harvest 
Rest 
Harvest surplus 
Graz, 
Rest 
Rest 

Spring grazing on the hill pastures was begun 
when theavailable dry matter reached approximately
1000 kg dry riatter/ha. On this basis, grazing of 
the southern exposure pasttires began about April
15, whereas a representative date for the northern 
exposure pastures would be May 1. 

During the late winter each meadow area received 
an application of 60 kg N/ ha. These areas were 
harvested in early June and then retcei ved at :)pdress-
ing of 60 kg N/ha. About 14 dlays after harvest, 
recovery regrowth measured 12 to 15 cm and grazing 
was begun. Each area was divided by an electric 
fence to permit rotation or the conservatiu n of one-

half of the area for later harvest, if conditions permit
ted. Rotation to the hill pastures was largely deter
mined by available dry matter, but since recovery 
was more rapid in some pastures than in others, 
the criterion of 750 kg/ha of available herbage coul 
serve only is a guide. After the initial grazing of 
the hill pastures, the grazing rotation approximated 

ratio of four weeks on meadow and two weeks 
on the hills. Trials were ended during the first weeks 
in October. The grazing, rotation, anrid harvesting 
schedtle is suinimarized in,'Tahle 2. 

Steers used in these trials were obtained as weaned 
calves at about Seven mnonths of age anl were 
wintered to gain about 0.25 to 0.35 kg/day. A:cord
ingly, the cattle were about 14 to "- months old
and weighed alotit 235 kg at the beginning of a 
trial. The animals were sorted into outcome groups
on the basis of winter gains and bodyweight. Three 
Uniform units were :omposed and assigned at ran
don to treatments and pastures. Body weights were 
obtained at the beginning and ending of trials and 
whenever grazing areas \,ere rotated. A set stocking 
rate of three steers for each colbination of hill 

pasture and meadow wts maintained throtighou,
RESULTS 

Difference in response as a reflection of expostire
regularly permi tied earlier grazing on the southern 
exposure. The nean (ate for beginning of grazing 
on the southern exposures wias April 22, whereas 
the (late for the northern exposure pastures was 17 
days later, May 7. This first grazing of the hill 
pastures ended oi July 1, when the steers were 
rotated to the meadow regrowth. The nean ending
lale for grazing was October 11. Distribhution of 

grazing between the hill pasttires arid meadow areas 
is given in Table 3. Under the proce(lures folloved 
in these trials about 60% of the grazing days were 
provided by tile hill pastures. The additional 17 days
of grazing provided by the southern exposure pas
tures is reflected in the 13% difference in grazing 
days and 20.5% dIifference inIodyweight gain per 
ha (Table 4). 

TABLE 3. Distribution of grazing between hill pastures and meadows 

Year Exposure 

Itill Pasture 

Days Percent Days 

Meadow 

Percent 'ril Days 

1967 

1968 

1969 

Mean 

SouthNorth 

SouthNorth 

SouthNorth 

SouthNorth 

10889 

106100 

10087 

104
92 

(056 

51161 

056 

59
51 

7070 

7765 

6767 

71
07 

4044 

4039 

4044 

41
42 

178159 

181(15 

167154 

176
159 
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STEVENS, ANDERSON, AND HENDERLONG 
TABLE 4. Influence of exposure on hill pasture six systems. Since the contribution to each system

productivity* of all meadow areas in terms of grazing days was 
the same, results have been summarized in Tables(;razing Bodyweight 5 and 6 in terms of north- or south-facing systemsI'xposurv (days/ha) Gain (kg/ha) without regard to species of grass. Treatment of the 
results in this way shows that the systems based onSouth 560 434 south-exposure hill pastures had a mean productionNorth 494 60 of 115 kg/ha wheras the north hill pasture systems

"Fach valtue is mean of 1Itobservations. Differences significant produced 102 kg/ha. The nean daily body weightP .: .05, change for both systems is almost identical. This
obviously emphasizes that the differences between 

In keeping south-facing and north-facing hill pasture producwith the design of these trials, the tivity are largely a reflection of early spring plantuse of the meadow areas for grazing was comple- response (Table 7).mentary to the full use of the hill pastures. Accord- Full assessment of the grazing-forage productioningly, the contribution was uniform for each of the systems studied in these trials should include thegrass species involved. Each of the grasses provided utilization of the preserved forages by wintering169 steer grazing days per ha and was equivalent cattle. To this end, the weaned calves procured into about 40% of the total grazing period. Bodyweight the fall for the subsequent grazing season were fedgains produced from the three grasses were not the harvested forages. The forages were fed essensignificantly different. Yield of dry matter per ha tially ad libitum (2% body weight/day) with approwas not significantIly different between fescue and priate adjustments to prevent waste and accommoorchardgrass areas. However, the bluegrass areas date for temperatures below 0 C.

produced significantly 
 less harvested dry matter. If Temperatures of -15-20 C are not uncommonthis preserved forage is translated into bodyweight during December-February. A supplement comgain on the basis of 25:1, the fescue and orchardgrass posed of ground corn, urea, and minerals was fedsystems were more productive (P < .05) than blue- at a level of 1 kg per animal. Under these conditionsgrass systems (Table 5). body weight gains produced from the three grassesL'ach hill pasture combined with a meadow area were essentially the same; however, date of harvestformed a system. Each of the possible combinations did influence consumption and wastage.of grasses with a hill exposure was replicated, thus The performance of pastures and the productivityforming three systems for each exposure, or in effect of associated meadow areas is combined with the 

TABLE 5. Meadow productivity, 1967-68-69 

Grazing Ifa rvested 
Bodyweight IL lodyweight" Gain Total BodyweighlMeadow Grass Steer Days/ha (Gin(kg/ha) (kg/ha)" Equivalent (kg/ha) Gain (kg/ha) 

Fescoe 169 135 7754 310 445,Orchard 169 123 72107 2118 411I3ltwgrass 169 :39 55115 223 362 

115% dry matter.
 
'5 kg 115% dry matter forage equivalent to 1 kg Itdywt.ight gain.
 

TABLE 6. Mean bodyweight gains' 

Sooth-facing Ilill Systems North-facing Hill Systems 
Year Initial Ending G'in Initial Ending Gain 

1967 Kg
2111 :1,14 126 228 :132 10419611 21) .1,12 123 214 119333 

1969 21111 3165 97 279 363 1141967-t09 2:15 :150 115 241 342 102 

"Each value represents inean of III steers. 
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Table 7. Grazing days and daily bodyweight gain 

Year 
South-facing Hill Systems 

Grazing Days Mean D1ily Gain (;rizing 

Norilh-facing 

lIays 

lillSystems 

Mean P-' tlain 

Ag
1967 
 178 0.71 
1968 
 193 0.64 
1969 167 0.511 

Mean 179 
 0.64 

winter performance to determine the performance
of south-facing and north-facing systems on an 
animal basis. A standard grazing period of 170 days, 
a standard winter feeding period of 195 days with 
a mean animal body weight of 215 kg, and a standard
winter feeding level of 4.3 kg/day are used toestimate requirements for a three-steer unit such as 
those used in the grazing trials. The estimated 
requirements based on these standards are compared
to the actual performance of the south-facing and 
north-facing systems (Table 8). The only deficiency
suggested by this comparison is a smlll deficit in 
grazing days provided by the norlh-facing system.is
and this is a reflection of the(delay in the heginning
of grazing on the north-(e!.p,)sure past ures. 

TABLE 8. Annual system performance and 
estimated requirement 

(razing )ry Feeding 
Svst m, davs/ ha) (diys/ha) 

South-facing 394 456 

North-facing 
 348 457 

Estimated requirement" 359 
 '2 

'Based on a 1.42 ha system composed of 0.57 ha hillpasture
and 0.85 ha meadow supporting three steers for a 170-day grazing 
season (Apr. 15-Oct. 2) and 195-day dry feeding period (Oct.
3-Apr. 14) with mean weight of 215 kg and feeding level of 
4.3 kg per day. 

Soil temperature data for July to December, 1966, 
are illustrated in Fig. 1. The temperatures shown 
are the weekly average maxima and minima from 
a soil depth of 2.0 to 2.5 cm,The weekly maximum 
soil temperatures between the two slopes did not 
exceed 3 C during this time period. The reduced 
magnitude of these differences compared to the data 
of Bennett et al. (1972) is a reflection of the overall 
cooler climate and higher elevation of this site. (The
effects produced by the grazing animal were not 
a factor in the study of Bennett el al.) The weekly
minimum temperatures between the two exposures 
were very similai, usually not exceeding I C. There 
was a greater d',fference in the weekly minimum 

Ag 
159 
 0.65 
175 0.68 
154 0.54 
162 0.03 

35 

30
 

. - .. ..., 

20 

15 ' U 
.. . . I" . 

Lt 10 ...Im.M 

(D
Lii • . 

,
 

0 
. 

-5
 
JUL . ,.. .,  ,
 
JUL. SEPT. NOV.
 

Figure 1. Mean weekly temperature (1966). 

temperatures between the official weather station 
and the field sites than between the two exposures 
or field sites. 

The maximum daily soil temperature differences 
occurred during July. When the maximum daily air 
temperature exceeded 30 C, the soil temperatures 
on the southern exposure were frequently 2 to 5 C 
higher than on the northern exposure (Fig. 2). When 
the maximum air temperatures were below 30 C,
the difference in maximum soil lemperatuies he
tween the two exposures was very small. Daily
minimum temperatures were nearly the same for 
both slopes, but often ranged from .1 to 6' C higher
than the official weather station minima. The higher 
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Figure 2. Daily maximum and minimum soil temperatures (2.0to 2.5 cm) compared to the official weatherduring July, 1966. station values 

ininiznur soil temperatures at the pasture site isa reflection of the insulating effect of the vegetativesod o:over. 
diffeencesand 

Although significant differencesfures between in soil tempera-tagnitude the two wereof these exposuresdifferences wrs foundl, thenou dsgrepanide hese (ifren as nobstrut asr 
ats had( been exp~ected. A major, unobstructed aird ra in ag eerly direction a s ou th w es te rly to n o rth ea st-sys te mwasfro mnoted b)ut not measured. This 

wohl dirtion ase nte lot
woudpartially explain o mpeaureTithe lower soil temperature
maximNa that were recorded for this site. 
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DISCUSSION 

Scholl (Wisconsin, USA). You don't have a check 
pasture in this situation. Could you estimate what 
would be the production from an open type permanent pasture in the area? 
Henderlong. My guess would be less than half the 
way they're managed now. 

Are you disturbed that your daily gains are,say, less than about a pound and a half? Is thatwhat you'd expect from a pasture? 

I would say that I was reasonably well 

Scholl. I make that comnent because those are thekind; of gains we're getting in Wisconsin now on 
similar pastures which are low in energy. 
Henderlong. Ideally we wanted to go with a cow-calf 

herd rather than fattening steers in this particular
situation, but there were other problems and I think 
we were trying to look at what we could do withthe system rather than pursuing maximum dailygains. 

0. Bennett (West Virginia, USA). These two pasturesare entirely different from a service standpoint. Firstof all, the soil types are quite different-the northernexposure was a shallow phase of a very stony soil 
a much steeper slope than the southern exposure 

and I think production on the southern exposureanIthkprdcinotesuhrnxoue
would more nearly equal that of lowland conditions.
You also had a lot of rocks outcropping there that 
would reflect in the yieldso mpr i s o nf h e evi sso it'so i reallyn not a validcomparison from t I f a li da service standpoint. I'm familiar
 
with that situation and I didn't think it 
 was a verygood set-up but sometimes it's the only thing we
 
can find. I know 
 I looked for a long time beforeI could find north and south exposures with the
 
same 
soil type and similar soil conditions and thesame slope, so I know what the problem was.

Dr. Eck'sHenderiong, From ofvan soil inventory

the site it appeared that 
 the northern exposure hadsomewhat of a deeper soil than the southern slopeor the southern exposure. Now the exposure andthe degree of slope was different, I do agree, and you did not have the rock outcrops on the southep sr that we had on the north. So there were 

differences due to the physical locaion. The soil on the south-facing slope was basicallya DeKalb-Earnest intergrade; on the north-facingslope it was primarily Gilpin. 

Bennett. Yes, these are quite different in their pro
duct ivity. 
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Seasonal Yield Distribution, N Fertilizer Response and
 
Utilization of Poa pratensis on North- and South-Facing

Slopes *
 
P. R. Henderlong, 0. L. Bennett, and E. L. Mathias 
West Virginia University and Northeast Branch, Soil and Water Conservation Research Division, Agricultural
Research Service, Morgantown, West Virginia, USA 

Annual yield response of Kentucky bluegrass (Poa
pratensis) to various N and NPK fertilization regimes
is well documented for the temperate regions of the 
world (Bennett et al., 1972; Dotzenko, 1961; Kaltofen 
efal, 1966; Kresge and Younts, 1962; and Walker 

et al., 1963). Yield responses to N rates exceeding 
400-500 kg N/ha are relatively common for adaptedcool-season grasses (Kaltofen et aL., 1966). However,
only limited descriptive data are available on forage 
grass yield responses in the complex microclimate 
induced by mountainous or hill land terran (Bennettet al., 1972). 

en l., land1.p g rsThe 
In hill land pasture grazing programs, seasonaldistribution of the herbage production may be as 

important as total annual yields. Cowling (1966) 
suggested that the response of grass swards to N 
fertilizer may be better understoid by examining
both the dry matter and N yields. He further suggest
ed that we know little about the potential response
to N at different seasons. Kaltofen et al. (1966)
reported that single or split applications at the same 
annual N rate generally produced similar total yields,
However, the split treatments resulted in more even 
seasonal production, especially at the lower and 
intermediate annual N levels. Wedin (1974) indicat-
ed that most cool-season grasses in the temperate 
regions produce approximately two-thirds of the
total annual dry matter at the first harvest. Mays
and Terman (1969) indicated that this could be 
decreased to about 55% with split applications of 
soluble N fertilizer materials, 

Recent data of Bennett ei al. (1972) suggest that 
slope orientation can greatly affect total yield re-
sponse to N and seasonal yield distribution in hill 
lands. This paper more fully describes the seasonal 
distribution of the annual herbage production and 
dry matter production per unit of N applied as 
affected by slope orientation, 

Published with the approval of the Director of the West Virginia

Agricultural and Forestry Experiment Station as Scientific Paper

No. 1478. Data were based on cooperative studies between the

West Virginia Station and the Northeast Branch, Soil and Water
Conservation Research Division, ARS, USDA, 

MATERIALS AND METHODS 
Ammonium nitrate was applied annually at 0, 112,

224, 448, and 672 kg N/ha in single or split applica
tions to an established bluegrass sod. The treatments 
were replicated three times on both north- anda 
south-facing slope located directly opposite each 

other and less than 90 mwas a Gilpin silt loam apart. Soil on both slopes(Typic Hapludult) with slcpe
inclinations of approximately 35%. The experi
mental site was near Morgantown, W. Va. (3939' N, 
79055' W) at an elevation of approximately 382T95 ' W ta lvto fapoiaey32m in. 

forage was harvested by clipping 95
strip through the center of each 

a cm 
of 5 cm. Yields were plot at a heightcalculated on an oven-dry basis 
(65 C). Additional procedural details were previous
ly reported (1972). 

RESULTS AND DISCUSSION 
Nitrogen application rates and slope exposure 

greatly affected the total annual yields of the blue
grass (Table 1). Total yields were consistently greater 
on the north-facing slope. Also, the yield response 
to all N treatments was significant for both slope 
exposures each year except on the south slope in 
1966. 

The 45-year mean annual totl rainfall for this 
location is 106.8 cm, with 76.4 cm received during
the growing season (March through October). Total 
rainfall in 1966 was only 73.5 cm. This was an annual 
deficit of 25.3 cm, but 21.8cm of this deficit occurred 
during the growing season. Yield responses to N 
were the largest during the 1967 season, especially 
on the north-facing slope. Rainfall during the '1967 
growing season was 5.2 cm above the 45-year 
average. For 1968, rainfall was intermediate to the 
two previous seasons, with a seasonal (eficit of 8.4 
cm and an annual deficit of 16.3 cm. 

Seasonal distribution of the forage produced was 
markedly affect e by the Slop(' elxposire. In 96 
and 1968, all of the total annual yield foi the southern 
exposure was produced early in the growing season,
i.e., the first harvest date (late May). The lack of any appreciable aftermath production reflects the 
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TABLE 1. Total annual bluegrass yields and first harvest component (percentage) 

as affected by slope exposure and rate and time of N application 
Yield and First I larvest Component, for Years a)n1Slope Exposure 

S966 19(67 19(81
North EXlosurI! Siulh Exposure North (.Exposure South Exposune North Exposure South Exposure 

Annual N 1st Ist 1sl 1sTreatment 1stTotal I tarv. Total Ilarv. Total IHfary. Total Hetrr. Total Harv. Total 
1st 

(kg/ha) (kg/ha) (%) (kg/ha) Harv.(%) (kg/ta) (%) (kg/ha) (%) (kg/ha) (%) (kg/ha) (%) 

;(52e0 63 1119 100 2 1156g (12 1 212e(112 77;1ahe 65 4219d 83 1453d 10070 1187 100 6036f 73 3 093abcd224 94 5 685c 76 3 9561c 100it 531a 13 
4411 

857 100 6 705ef 6t 2 9801ed 93 7 121a 75 4 O06abcI 691 i 10064 1 256 100 306{d 51 3 519ahe 94 6321 aic 7356 4 56 4 643ah 1007 ttt5abc 67 1486 100
It 2 112 

6 074f 60 2 ti20ccl 90 6 253abr; 77 3 21(ic 1006 96}3c 67 
224 t 

1459 100 a1345cd 54 :13110ahN: 92 0 861a1 69 4 026abc224 100t1 114a (14 1719 10{t 11 5115a 66 3 909a ):t:ti t 336 17 6737a ) 73 4 713ah 1007462)c (10l 11131 100 7 i04de 54 :3105albcd 90 (}23tahc56 4 56 + 50 + 56 5 912d 67 Iii 4 360a h 100 
112 

1(098 100 11553hcd 47 2 3411d t13 71t9a h 72 4 829ab+ 112 + 112 + 112 71172ab: (4 1147 100 1009 10IjI)c 53 :tOtlahbd 1 60l91:c161 1161 4 1il( + 168 3i61ah 76 4 265ab 10066 1170 100 94481) 49 4 0(11a 95 6 33alb:h 75 4 973a 100Min 7:127wx" (65 1217z 1010 7 693w 59 31 30y (i9 6239x 75 40403, 100 
"Values within the sarne c:olumn having Ile sauue letter are not significantly different at the .05 confidence level."Means wilh the saine letter in Ihis row are not significantly different at the .01 confidence level. 

higher summer temperatures, higher net radiation
levels, and higher evapotranspiration rate,,. on the
southern exposure (1972), in addition to the limited
rainfall. Even (luring seasons of near "normal" inci-
dent rainfall (1967), approximately 90% of the total
annual yield on the southern exposure was produced
in the first harvest. Data from the northern exposure
indicated that an average of 60-751,,%of the total
annual yield %,as produced (luring the spring period
(first harvest). Nitrogen rate and time of application
altered the seisonal y"eld distribution considerably
for the northern exposure. In general, split N ap-
plications decreased the first harvest componentapproximately to50% with no adverse effect on thetotal annual yield in the year in which rainfall was 
not limiling (1967). Inl years of limitell rainfall (1966
and 1968) total annual forage yields tended to be
reduced with the four-increment split application.

The seasonal yield distribution for 1967 is shown
in Table 2. Only two cuttings were olbtained from
the southern exposure, even though incident rainfall 
was near "normal." On the northern exposure, cut-
Iings after the first harvest frequently represented
10-20% of the total annual yield for each of the 
harvests. Tlhe data indicate that split N applications
(:an result in more uniform seasonal growth without
adversely affecting total annual production at Ihe 
intermediate rates of N application. At the higher
N application rates (448 and (672kg N/ha), however, 
split applications did not improve the seasonal 
distribution over the intermediate N rates. 

Applications of N above 112 kg N/ha on a southern 
exposure cannot be justified, based on the annual
yield data (Table 1), dry matter production/unit of
applied N (Table 3), and percentage of applied N
recovered in annual forage yields (1972). Because 
of the unique and adverse microclimate interrela
tionships on a southern exposure, production will
usually Ie near maximum with a single application
of up to approximately 100 kg N/ha in early spring.
If the seasonal rainfall is adequate, a supplemental
application of 50-100 kg N/ha after the first harvest 
may he justified. 

On the northern exposure, applications of 200-400kg N/ha were beneficial, depending upon theamount of seasonal rainfall. Use of the N fertilizer 
was most efficient with the lower annual rates.
Nevertheless, reasonable production/unit of N ap
plied was obtained with rates up to 448 kg N/year
on the northern exposure (Table 3). Mean dry matter
production/unit of N applied was 10 times greater
in 1966 an(l 2.5 times greater in 1967 on the northern 
exposure than on the southern exposure. The improved production /unit of N on the southern 
exposure for 1968 was likely due to N carryover
from the previous two years.

The data clearly illustrate that forage production
is greatly influenced by the microclimate induced 
by hill land conditions. Bluegrass was more respon
sive to and more efficient in N fertilizer use on the 
cooler northern exposure than on the southern expo
sure. 
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TABLE 2. Seasonal yield distribution of bluegrass as affected by slope exposure and rate and time 
of N application (season with near normal rainfall-1967) 

Annual N Treatment Total Yield H arvest Date 
(kg/ha) Exposure (kg/ha) May 22 luly 6 Aug. 8 Nov. 1 

0 North 2 856 62 
% of total yield 
22 12 4 

South 1212 65 35 - -
112 North 6036 73 17 6 4 

56 + 56 
South 
North 

3093 
6074 

94 
60 

6 
25 

-
10 

-
5 

224 
South 
North 

2620 
6705 

90 
68 

10 
20 

-

10 
-

2 
South 2980 93 7 - -

112 + 112 North 8345 54 23 16 7 

56 + 56+ 56 + 56 
South 
North 

3380 
8553 

92 
47 

8 
19 

-
22 

-

12 
South 2348 83 17 - -

448 North 8306 58 15 13 14 

224 + 224 
South 
North 

3519 
11585 

94 
65 

6 
14 

-
11 

-

10 

112 + 112 + 112 + 112 
South 
North 

3909 
9108 

87 
53 

13 
14 

-

16 
-

17 

336 + 336 
South 
North 

30d1 
7604 

91 
54 

9 
10 

-
19 

-
17 

168 + 168 + 168 + 168 
South 
North 

3105 
9448 

90 
49 

10 
15 

-
18 

-

18 
South 4081 95 5 - -

TABLE 3. Nitrogen-use efficiency of bluegrass as affected by 
year, slope orientation, and rate and time of application 

N-use Efficiency 

Annual N Treatment 1966 1967 1968 
(kg/ha) South North South North South North 

kg DM/kg N'112 .1.29 42.22 16.80 28.39 22.35 13.09 
224 0.17 24.50 7.89 17.18 11.40 12.96 
448 0.98 12.59 5.15 12.16 7.12 4.69
56 + 56 5.96 43.15 12.57 28.73 15.74 18.16 
112 + 112 2.86 17.46 9.68 24.50 11.49 11.80
224 + 224 2.01 11.23 6.02 19.48 7.28 5.62 
336 + 336 0.55 6.56 2.82 7.06 4.33 3.0(0
56 + 56 + 56 + 56 1.66 17.02 5.07 25.43 20.10 15.30 
112 + 112 + 112 + 112 0.98 14.34 4.17 1:1.96 1.37 5.56
168 + 168 + 168 + 168 0.70 10.53 4.27 9.81 0.911 4.16 

Mean 1.91 19.96 7.44 18.67 11.51 9,43 

Total treatment yield - 0 treatment yield 
'kg DM/kg N = 

annual total N applied 
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TABLE 4. Correlation coefficients and regression equations fordry matter production/unit of N applied and nitrogen recovery 

Year Exposure Correlation Coefficient Regression Equation 

1966 North 0.951966 	 y = 9.5 + 2.529xSooth 0.951967 	 y = 3.1 + 
2 .426xNorth 0.961967 	 y = 18.6 - 2 .238xSoth 0.891968 	 y = 2.6 + 2.841xNorth 0.8619611 Soth 	 y = 12.6 + 2.795x 

0.923-year mean 	 y = 8.1 + 2.196xNorth 0.943-year mean 	 y = 14.6 - 2.408xSouth 0.97 y 5.0 + 2.471x 
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Figure 1. Relationship of dry matter production/unit of N applied and nitrogen recovery. 

Forage production was also distributed more uni-formly throughout the growing season on a north-	
to obtain herbage chemical analysis. Nevertheless, 
an evaluation of the relative fertilizer-,ise efficiencyfacing slope, which should provide a longer grazingseason 	 is highly desirable.in addition to a considerably higher carrying When nitrogen analysis of the herbage is notcapacity.Forage prodhuction 	 available, an estimatestudies are often 	 of the recovery ofconcducted nitrogen fertilizer is proposed applied

under situations in which it is not always possible based on dry matterproduction per unit of applied fertilizer. This ap
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POA PRATENSIS ON NORTH- AND SOUTH-FACING SLOPES
 

proach requires the inclusion of a check treatment 
(0-N) as a correction for residual or native soil N 
or other sources of N, such as rainfall. 

The apparent relationship between dry matter 
production/unit of N applied is much better when 
evaluated for each slope exposure (Table 4) than 
when combined (Fig. 1). This, again,of the different inicroclimates inducedis a reflectionby the hill 
land conditions. 
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DISCUSSION 
G. Voigtlander (Germany). If you use little or no 
hitrogen in the summner this method is not v'ery sure,
 
because if you have little rainfall in the summer
 
you cannot harvest in the summer what you have
 
lost in the spring.
 

H-enderlong. I think our data and experience would
 
be very similar to that. You can certainly alter the
distribution, but you reach a compromise where you
lose much in terms of total dry matter production 
even though you accomplish your objective of ex
tending or altering the productive growing season 
(f the species. Usually, frolan econonic standpoint,
yOU lose much in terns of total dry matiler produc
t ion. 

1. Scholl (Wisconsin, USA). In this experiment, you
used the same mixture oil north and south exposures
tnd you shonldut at thi., stage. Is this right? 
Henderiong. No, we took the indigenous tluegriss 

sod that was aIready there. This was not seeded-it 
was an old, eslablished bluegrass pasture. 
Scholl. With the )resent statet of otur information, 
maybu we can't do anything else, but it may well
 
be that we could have in entirely different combina

tion on the north and soth and then these differences
 
might not be so great.
 
Henderlong. I agree. In fact, if you look at tall fescue,
 
I'm sure, based on Dr. Bennett's work and personal

observations, that the difference in yield productivity 

about the advantages and disadvantages of our forage 

between the slopes would not be narl as great 
ts th W n t n oasw re 

as it was with bithe:, rass. e ne( to koow more 

species and then plug them in to his system to take 
advantage of their strong points and recognize their 
weak points. 
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101. 
The Utilization of Radiation Energy in Differently
Managed Alpine Pastures 
G. Spatz and G. Voigtlaender 
Institute for Agricultural and Horticultural Plant Cultivatkn at Weihenstephan, Federal Republic of Germany 

The utilization and conservation of alpine pastures 
are matters of high public interest in Germany. 

The problem of the best use of alpine pastures
is judged differently by ecologists, conservationists,
farmers and tourists. Therefore, there is a need for 
a helter understanding of the various interactions 
within an alpine pasture ecosystem. An attempt wasmade to investigate an alpine pasture ecosystem in 
the Bavarian Alps at elevations between 1400 and 
1 700 m (precipitation about 1 700 mm/yr, mean 
yearly temperature about 3 C). The utilization of 
ra(liant energy covered in this paper forms only a 
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small part of the whole study. The research project 
was started in 1974 and will be continued until 
1978. 

MATERIALS AND METHODS 
Field Trial 

Fig. 1 is a plan of the study site, and Fig. 2 shows 
the trial which was established to find out the 
influence of different management treatments on the 
pasture ecosystem. 

.. I________ _i 

pa"~." i po0siue pue 11.. D4i$Utt pwSUCI 

Figure 2. Field trial with five differently managed paddocks. 

efficiency of radiant energy has been studied 
in three paddocks up to now. Table 1 contains themost important management characteristics of the 
three treatments. 

The study site contains three original plant com 
munities which occur across the paddocks: 

TABLE 1. Fertilization and management of three 
variants"I . .,%,~~ : field trial____________________________________ 

Fe rtiliz a tio n (k g / ha ) 

S- - 9 00 00 Treatmt n l No. N 1 . K, 
open posture Ktooaschou- Alm 

1 60 120 140forest posture 
2 - 120 140 

Figure 1. Location of the study site in the Bavarian Alps. "All paddocks listed here were rotaliomally graized. 
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UTILIZATION OF RADIA TION ENERGY 

"Crepido-Cynosuretum,'"named after Crepisaurea 
and Cjnosurusrristatus, is a pasture which has been 
regularly grazed. 

"Carlino-Caricetumsempervirentis," named after 
arlinaacaulisand Carex sempervirens, is a pasture 

which has been regularly but not intensively grazed 
and which has not recently been fertilized. 

"Seslerio-Caricetunsenipvrvirentis," named after 
Sesleriacoerulea and Carex senlpervirens, is a natu-
ral grassland which occurs above the treeline andhas been grazed only sporadically. 

Investigation of Primary Production 
The above ground phytomass was harvested twice 

a year from 10 parcels per paddock: 12 squares of 
30 square cm were collected per parcel. It was 
weighed, then dried and pulverized. The remaining
water was determined and the dry matter per ha 
was calculated. Portions of the material, ere pressed 
into tablets of approximately 1.1 g (Lieth, 1968). 
The oven-dry tablets were weighed and the organic 
matter was burned using calorimeter bombs. The 
method used was described in detail by Runge 
(1973a). 

Measuring Global Radiation 

Global radiation ',,'as by Moll-Gor-measured a 
zinsky instrument and recorded at intervals of 45 
secs. The sums of radiant energy for optional inter-
vals can be identified by planimetry. 

Calculation of the Efficiency of Net Primary 

Radiant energy was summarized from the begin-ning of the vegetation period to the first cut and 

from the first cut to the second cut. The very small 
regrowth of phytomass after the second (:ttwas not 
taken into consideration. The efficincy is calculated 
by dividing the energy content of the phytomass 
harvested by the stum of incient solar energy for 
a certain area. 

PRELIMINARY RESULTS 
Gross Energy Values 

Since measurenme nts are available only for a twoyear period, the results presentecl are ofa preliminary 
nature. 

Gross energy values of the plant material harvested 
are found in Table 2. 
Efficiency of Net Primary Production 

Utilization of solar energy by alpine pastures was 
calculated by degrees 
arranged according to 
ments and different 
(Tables 3 and 4). 
DISCUSSION 

Gross Energy Values 

(Table 3). The results are 
different management treat

original plant communities 

Gross energy values of the samples taken showlittle difference as to management treatments, plant
communities and years. Usually the samples of the 
first cutting are richer in energy, and the plant
community Seslerio-Caricetum sempei ,irentis 
appears to have higher gross energy values thanthe other communities. 

There seems to be no influence of fertilization 
on the energ content of the samples. The values are generally lower than those Runge got at the 

TABLE 2. Gross energy values of the samples taken for different managements, plant communities 
and years, calories per gram dry matter 

(,rupdo-Cylnusur!t un 
(:arlino- ,ir.o n 
.cmr,rvIn lis 

First Second First Second 
Variant Cutting Cutting Cutting Culling 

i,e,i oh.'i c.(.'rcvtmn 
sompirt irntlis Average 

First Second First Svcond 
Cutling Culling (ulting Cuttling 

NPK 

PK 
0 
Average 

4338 
4 282 
4 333 
4 318 

4328 
4365 
4320 
4338 

4:128 

4275 
4 409 
4:137 

4 351 
4313 
4190 
4215 

1974 
441111 
4405 
43112 
4425 

4204 
4 416 
44111 
4300 

4 385 
4 :21 
4 37.5 
4 

4314 
4:165 
4310 

3(,10 

197.5 

NPK 
PK 
0 

Average 

4356 
4325 
4327 

4336 

4348 
4189 

-

4268 

4 398 
4294 
4254 

4315 

4 2:10 
4009 

-

4140 

4 311 
4504 
4 292 

4302 

4401 
4125 

-

4203 

4378 
4:174 
4201 

43311 

4:3261 
4127 

-

'1227 
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SPATZ AND VOIGTLAENDAR 
TABLE 3. Efficiency of net primary production* of differently managed pastures in 1974 and 1975 

1974 1975 

['realimen t 
First 

Cutting 

Second 
Cutting Average 

First 
Cutting 

Second 
Cutting Average 

Average 
1974/1975 

NPK 

PK 
) 

Average 

0.86 
1.27 
0.90 

1.01 

0.87 

0.75 
0.63 

0.75 

0.865 

1.01 
0.765 

0.88 

1.11 

1.13 
0.91 

1 05 

0.76 
0.64 

0.45 

. 

0.94 

0.885 
0.455 

0.758 

0.90 
0.94 
0.61 

0.819 
"Enirgy content If harvested phytomi s divided lby sum of incident solar eneigy. 

TABLE 4. Efficiency of net primary production* for different plant cr.-nmunities in 1974 and 1975 

1974 1975 
Pirst Sitcond First Second Average['tints Cutting Culting Average Cutting Cutting Average 1974/1975 

Crtileh h' iynt)urrt un (10.93 0.64 0.715 0.99 0.51 0.750 0.767 
(Xirliuo-a(ri:et uin 

sempl-rvirilltis 0.75 0.60 0.675 0.98 0.35 0.665 0.670 
Sisloitn( iriieli~tun 

seontiprvirinlis 1.24 0.97 1.105 1.12 0.48 0.800 0.907 
Etti ,:i. i intiit o)f harvested phytomass divided by sum i of incident solar energy. 

German Soiling project in 1973 (at an elevation of 
460 in). Runge found a gross energy of 4 410 calories 
for unfertilized, 4 :350 for PK-fertilized and 4 426 for 
NPK-fertilized meadow hay. The reason for this 
discrepancy is the high ash content in the fodder 
of alpine pastures. The gross energy of the ash-free
dry matter was calculatel for a few samples and 
found to he much higher than the gross energy values 
of the Soiling project ash-free dry matter (Table 5). 

TABLE 5. Gross energy values for ash-free dry 
matter, calories/g 

1975 Average 
'rt,,ttment First Cutting Second Cutting 

NI1K 4809 4747 
PK 4107 472:1 
() 4771 4753 

Efficiency of Net Primary Production 
"Thereare differences in efficiency Ietween man-

ageifent treatments, cuts and original plant con1 u-
nities, From the beginning of the vegetation period 
up to the first cutting, about I% of solar energy 
was utilized. The PK-fertilized pasture appeared to
be most efficient. An additional (lose of N after the 
first cutting consideral)ly improved the nel primary 

production between the first and scond cuttings.
While the production of the unfertilized paddock 
was salisfactory during the first growth, it dropped
after the first cutting and in 1975 no second cutting
could be harvested from the 0 fertilizer level paddock 
(treatment variant 3).

Compared with results froui the literature, the 
photosynthesis of the alpine pasture investigated is 
relatively efficient. During the German IBP program 
at the Soiling project, the productivity of a Golden
Oat meadow at 460 m above sea level was inve:stinated (Speidel, Weib 1971, 1972; Runge 1973b). The 
efficiency of net primary production was 0.52% for 
the unfertilized meadow, 0.62% for the PK-fertilized 
one, and 0.90% for the NPK-fertilized one, during 
the vegetative period. 

It must be considered, of course, that the vegetative
period is rather short at high altitudes. Therefore,
the yearly productivity remains small in spite of 
the efficient photosynthesis. 
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DISCUSSION 

K. O'Connor (New Zealand). Could you give us some
indications of your total standing crop or of your
actual primary production per square m in weight?
What you ha given us are results in caloric val ne. 
Spatz. I can give von the approximate dry niatter 
yield. This varies with the utilization of radiatit 
energy, of con rs,. They are very closely correla ted, 
so the yield for the PK-fertilizei paddock was about 
6 tons per ha annually, almost half as mnuc:h for 
the unfertilized. 
E. deVries (Pennsylvania, USA). Did you change 
the grazing pattern of the animals? 

Spatz. No. We used paddocks. Before the paddocks 
were grazed, we cut several of the parcels-12
parcels per paddock. The cattle came in and grazed
everything and then they went out. The pasturesgot a rest, and before the second] c:utting we again(uHt12 parcels. After this, the cattle came in again.
We can assmtle the cattle have eaten as mtch as we have harvested. They cannot eat everything, 
there's always a residue, bit they (cancome close 
to eainlg everything.
 
t o newern n ort ing. t

O'Connor. You were doing this oiA in 
 t 3-paddock
rotation. Is that what you meant to do it in?

Spatz. No.
 

O'Connor.Your NPK treatment,for examl, isyour
 
most, intensive. How long were the animals awayeach tiile? 

Spatz. We had a herd of 50 animals-quite a lot.
We took the herd and put some into the NPK paddockand they stayed there 3 or 4 days, not longer. Then 
we took them out again. After that we put theminto the PK paddock, and then in the not-fertilized 
paddock, and then they came oul from the trial until 
the next rotation. So, it was quite it long rest a nd 
a shott grazing period. It's a very high stocking rate. 
E. deVries. Did y'oil fill(] any correlation, for instance,
with leaf surface capturing the radiation from that
in any area more full' covered? Do you have higher
efficieticy in radiatio'n? Did von try to mneasure the 
leaf surface? 

Spatz. No. We haven't measured it yet. We haven'tmeasured the leaf surface; We only measured the 
dry matter. 
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103. 
Carbohydrate Content and Quality in Plants Dependingon Climate Conditions in the Northern Alpine Area 
W. Kuhbauch 
Technical University, Munchen, Federal Republic of Germany 

Vegetation used for cattle in the northern alpinearea extends up to altitudes for more than 1000In above sea level. In spite of low yields and smallcapital and labor input, compared to lowland areas,surprisingly good animal productivity quite oftenis obtained. Farmers attribute this to major portionsof herbs in the stand. The well-known conditions
for optimal photosynthesis (Richler, 1969; Levin andBi(lwell, 1974), however, and experiments in growth
chambers with contro lled temperature and radiation(Deinum, 1966; Smith, 1968) as welt as investigations
at field stations (Archibald, 1961; Farries, 1968; Lang:t
al., 1972), suggest that climate conditions favoring
synlhesis azd storage of large amounts of highly
(igestibhe carbohydrates in the plants are the main reason for this facl, instead of specially active sub-stances in herbs. 

This paper will try to demonstrate a quantitaliveconnec ion bet ween contents of nonstructural car-hhydrales in forage plants an( lifferent altitudes
and corresponding climate conditions in southern 
Bavaria. 

Fieid Station Gruinschwaige (435 m,Weihenstephan) near 

At (;runschwaige, pasture plots were fertilized 
with four different levels of N from 1969 to 1970.Culs were made lttwo different heights (30 and415 cm) in May, July and August and contents of
soluble carbohydrates were analyzed as describedby Lang W al. (1972). ''l sland consisted of ipto 92T. grasses (24',, Poa pratensis, 20% Festucapratensis, 16'!,Dactylis glonierata, 15% Agropyron 
repns, 10% Agrostis stolonifera, 2%,each of PoaIrivialis, Pheuni pratense, Lolium perenne, 1%Alopecurus pratensis). Carbohydrate contents werecorrelated by regression analysis with climate lataand N-fertilization. 

Field Stations on Altitude Gradients of 465 mn,705 m, 975 m, 1 450 m(Kibuh193Sit,95. 

In order to investigate the effbct of an altitudegradient, vegetation tria Is with polled plants werecond ucted at Weihenst;phan (465 in), Kempten (705m1), Ilohen-Peif3enberg (975 m) and Sandbichler-Ahi 
(1 450 in) (Fig. 1). Each site was localed close to 

regular stations of the Deutscher Wetterdienst,
stations were 

or
specially equipped for that particular

purpose. The meteorological daii, used were total(= sum of) temperature above 5 C, average tempera
lure > 5C, average minimum temperature and totalradiation (cal/cm') two and five days before harvest.Meteorological data were provided by the Deutscher
Wetterdienst. (The author thanks in particular Prof.Dr. van Eimern, Dr. W. Attmanspacher and Dr. H. 
Hiiickel.) 

Seeds of D. glomerata, F. rubra, Trifolium repensand Anthyllis vulneraria, as well seedlingsas ofTaraxacum officinale and Pantagolanceolata,wereplanted in plastic pots (17 x 17 x 17 cm) filledwith loamy soil (7 mg K.,0/100 g soil, 8 mgPO.,/100 g soil, pl 7.4). Four pots of each plantspecies were transported io each of the four locations
and placed 15 cm deep in the original sod.

Over the growth period, T. officinae and P. Janceolata were harvested several times at vegetative
stage and at flowering. Grasses remained vegetative 
at all sites because of the lack of vernalization. AtWeihenstephan and Kempten, of the legumes only
Trifolimn repens flowered, whereas at Hohen-Peif3enherg and Sandbichler-Aln it died out completely
because of the unusual drought in 1976.A. vulneraria 
grew very slowly at Sandbichler-Alm, and only one
harvest could be made. 

To avoid diurnal variation in carbohydrate contents, plants were harvested at 9 and 10 a.m. This 
was followed immediately by adding ice to plantsamples in order to reduce enzymatic reactions
during the transport of the material to the laboratory.
Samples were stored at -20 C and finally freeze
 
dried.
 

Dried plant material was ground (< 1 mm) and
extracted 1 hr with 
95% EtOH followed by 1 hrextractions with 85% EtOH and water, successively,
in order to dissolve mono- and disaccharides, both 
in 95% and 85%, EtOH, and fructosan plus watersoluble amylose, eventually, both in water extracts(Kiibaulch, 1973; Smith, 1975).Starch extracts were prepared by shaking theresidues of the above sugar extraction with 1.1%HCl. Starch in the filtrate was estimated enzymatically by means of amyloglucosidase, hexokinase +ATP and glticose-6-phosphate-dehydrogenase +
NADP according to Boehringer (1971). 
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Figure 1. Geographical sites and positions above sea level of field stations on an altitude gradient. 
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Figure 2. Sign and contribution to the multiple B of the variables that serve to explain the variance in the contents 
of soluble carbohydrates. Value and alteration in the standard deviation of the estimation (n = 48). 

RESULTS AND DISCUSSION 	 the influence factors are given in the order of impor
tance, on the ordinate the increasing multiple B isField Station Grunschwaige (435 m) 	 given (= multiple r-X 100). 

Fig. 2 shows the regression of various influences Using 13 variables, up to 97% of the variance 
on contents of soluble carbohydrates in theabove of soluble carbohydrates can be explained, the most 
described pasture plants (field station Grunsch- important influence being total temperature two days
waige). With the program used (BIMDO2R), the before har%,est (negatively correlated). With this fac
multiple linear equation is continued stepwise tor, 55% of the total variability of soluble carbohy
(Dixon, '1973). Selection of influencing variables was (irate contents can be explained. N-fertilization adds 
performed according to F-lest. At first, a partial 15%, more of explanation and season another '!, 
correlation was calculated between each of the vari- (both negatively correlated). The next three variables
al.he factors and the target (soluble carbohydrates). add another 5% (positively correlated), while the 
Variables with highest F-valie were put into the influence of the rest of the variables decreases. It 
eqluation successively. Selection of variables stopped is noteworthy that the influence of management on 
if there were no more variables available, reaching carbohydrate contents out of the computerized 
a given F-value of 1.0. In Fig. 2 on the abscissa variance of 97% was 15% (N-fertilization) only. The 

603
 



C'ARBOHYDRA 'E CONTENT IN PLANIS 

influence of harvest date on carbohydrate contents Field Stations on Altitude Gradients of 465 m, 705 
was small, probably because it was covered by m, 975 m, 1450 m
 
climate parameters. Moreover, phlnts were harvested
 
at both heights in the vegetative stage. 
 The data shown ahove are consistent with results

Fig. 3 shows the rehtionship bet ween contents from growth chamber research as far as tempeiratureof solul)e carbohydrates and total temperature. N- influence is con1cerned (S,-mith, 19(68). It SLggests
fertilization being 60 kg N/ha. It shi)ws the extent that in the alpine area, sugar contents in plants
of temperature influence: sugar (:ontnt in forage increase in general wilh alituhde. In addition, thisplants decreiised drtstically with increising 1temper- idea is supported hy findings that increase in radiaature. Results shown inl 2 3. tionFigs. nllidhowever, yields higher sugar contents in forage plants
cannot htegenerlized. Outputs of regression analy'- (Deinum, 1966).
 
ses are valid only for conditivius of the corresponding The leguies 7.repens and A. 'tilneraria :ontain

experiment. Theoretically. 
 however, it shouldh) mono- and disaccharides nd starch, the latter inpossible to use simple clinte dati for rough estiim- some cases in a pprecia le amounts. The herbs
tion and prediction of carbohydrate contents, re- liflcnLollata and T.officimile contain 

P. 
mono- and dis

spectively. accharides and smaller amounts of starch (Fig,. 4). 
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Figure 3. Relationship between tne content of soluble carbohydrates and the sum of temperatures two days before harvest 
with N fertilization of 60 kg N/ha aid cut (n = 12). 
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Figure 4. Percentage of nonstructural carbohydrates (% dry wt) 
of forage plants at the vegetative stage (stage I) grown at Wei
henstephan (W - 465 m above sea level), Kempten (K -: 705 
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CARBOHYDRATE CONTENT IN PLANTS
 

In addition, F rubra and especia'ly D. glomerata
synthesized large amounts of fructosans. Highest
carbohydrate concentrations were always found at 
Sandbichler-Alm in T. repens at one harvest date 
and in D. gloinerata at both harvest dates predomi-
nantly consisting of polymer carbohyd rates, such 
as starch or fructosans. At all locations, the variation 
of carbohydrate contents within the same species
is very high. even though in all cases plants were 
harvested at vegetative stage of growth. As shown 
below, the reason is a consi derable influence of 
(1in-ate factors. 

We started with the idea that with increasing
atittide, equivalent to low day and night tempera-
tures and higher radiation, respectively, the sugar 
content in all plants should increase. Locations at 
Weilhenstephan, Kem pten an( Sandhichler-Alm 
with all species (except A. vulnerari ) so far show 
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roughly the expected trend (Fig. 5). At location 
Hohen-Peipenberg unexpected small amounts of 
sugars were storel in the plants. The regression line, 
however, was much affected by D. glomerataat high 
altitudes. 

With the correlation r = 0.50, a relationship
between altitude and sugar content results, which 
is not too close. In fact, a causal explanation of 
carbohydrate contents simply by altitude, without 
climate conditions taken into account, inight be 
inadmissible. 

The real reason for differenc:es in sugar contents 
at the four locations turned( out to he differences 
in teml)erature, as shown in Fig. 6 (upper part) with 
the example of average temperature above 5 C five 
days before harvest. Weihensteplan is the warmest 
place-three out of four harvest periods showed 
higher tomperature compared to Kempten tind 

y 74.73 + 72.81 X 
S 0.001 

OZ so A 

Average per species 
to U Trifotium repens 

A Anthyilis vutneraria 

9 Plantago tanceotato 
o Tora'xacum otticinate 

A Dactytis giomerata 

o Festuca rubra 
0 medium 

1 5 10 15 20 
total nonstructural carbohydrates % (dry weight basis) 

Figure 5. Reltionship between the content of nonstructural carbohydrates and positiot' above sea level for six plant speciesgrown at different altitudes in the niorthern alpine area. 
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Figure 6. Total temperature above 5 C and total radiation five 
days before harvest at field stations in Weihenstephan (W),
Kempten 
1976. 

Hohen-Peip3enberg. Locations at Sandbichler-Alm, 
however, showat corresponding harvest dates lowest 
temperatures with a clear difference to all other 
stations. Locations at Kempten and Hohen-Peifien-
berg are close together in temperature. Hence, it 
follows that Ilohen-tPeilienberg is warmer than 
expecte(l for its altitud(e. It is a mountain that rises 
out of the surrounding lowland area so that with 
inversion weather conditions, dhownward movement 
of cold air is favored (Vollratl, '1976). 

At Sandbichler-Alm (1 450 in) one time even lower 

radiation was measured compared to lowland areas 
at Weihenstephan (465 m) (Fig. 6). The other iime 
Weihenstephan and Sandbichler-Alm were close 
together (radiation data at Sandbichler-Alm was not 
available before June). Probably the unusual long
lasting drought of this year (1976), together with 
small relative humidity, caused unexpected high
radiation on the lowland. Radiation, however, had

subordinate influence on development of carbohy
drates. The correlation of temperature above 5 C and 
nonstructural carbohydrates over all plant species 
and locations reached a value up to r = -0.5 (Fig.
7). Average temperature two days before harvest gave
the highest correlation, followed by total temperature 

above 5 C, both correlations being negatively orient
ed and highly significant (s = 0.001). With these 
data, the overwhelming negative influence of higher 
temperatures on carbohydrate contents of plants is 
principally confirmed and, as far as physiology is 
concerned, the importance of dissimilation with 

plants of moderate climate areas. 
In Table 1, the data of Fig. 7 are specified for 

the single plant species. For several plants, highly 
dependences up to r-values of -0.76"* 

(for instance, D. glomerata) show that most important
influences again are average and total temperatures 
above 5 C (see total nonstructural carbohydrates and 
mono- and disaccharides, both negatively correlated 

Only nonstructural carbohydrates of A.
wlnerariashow a close relation to average minimum 

temperature (r = -0.76**). Carbohydrate contents 
of F. rubra show no significant dependence from 
the climate parameters used. 

The influence of radiation only with the herbs 
shows up sometimes important and significant (r 
= 0.54** and r = 0.77**, respectively).

In some instances, negative correlations were 
calculated for carbohydrate contents and radiation. 
These cases cannot be explained logically. It seems 

tolie a kind of physiological nonsense which might 
be caused by an intercorrelation of temperature and 
radiation and the small volume of data available. 

In conclusion, in spite of the small numbers of 

data which were computerized, the available data 
show quite clearly the negative influence of high 
temperatures on contents of nonstructural carbohy
drates. The influence of radiation in 1976 turned 
out to be much lower in comparison to that. Hence, 
it follows as far as the northern alpine area is 
concerned, that roughly and with distinct deviations 
of single species, possibly depending on water 
conditions, with increase in altitude in some impor
tant plants, higher amounts of sugar are produced. 
This, in turn, means better quality forages. 

It may he possible to describe different locations 
based on a kind of mapping for grassland areas using 
the potential to produce nonstructural carbohydrates 
in some representative plants. 
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TABLE 1. Correlation of temperature and radiation with contents of nonstructural carbohydrates for 
each of six plant species grown on an altitude gradient (n = cuts + locations) 

41 'Temperalhm > 5 C ''otal Trnperature > 5 C 4' Minimum Temliperature Toital Radiation 
NunsI r:hoau lhfore HIarvest Before I larvesl Defore Ilarvest le314re [Il irvo'st 
ariohydrhs 2 Days 5 Days 2 Days 5 Days 2 Days 5 Days 2 ]Days 5 Days 

Trifolium repens (n = 8) 
Mon. and disaccharides -0.6013" -0.562 -0.527 -0.467 -0.496 -0.489 0.645 0.315 
Polymers 0.206 0.047 0.175 0.024 0.341 0.349 0.135 -0.204 
"olaihnonstructural carbohy. 

driltes -0.1li0 -0.270 - 0.122 -0.239 0.060 0.072 0.371 -0.090 

Anthyllis vulneraria(n = 9) 
Mono- and disaccharides -0.490 -0.371 -0.556 -0.408 -0.758" -0.717' -0.218 -0.226 
Polymiers -0.403 -0.160 -0.417 -0.218 -0.552 -- 0.214 -0.065 -0.008 
Total nonstru:tural carbohy

drates -0.514 -0.267 -0.550 -0.330 -0.736' -0.437 -0.133 -0.088 

Plantagolanceolata (n = 21) 
Mono- and disaccharides -0.218 -0.269 -0.183 -0.200 -0.047 -0.110 0.170 0.049 

t 
Polymers 0.483" 0.516" 0.482' 0.496' 0.224 0.398" 0.484' 0.535 

To ld nonstructural carbohy
driles 0.008 -0026 0.042 0.031 0.055 0.074 0.372 0.283 

Taraxactim officinale In = 17) 
Mono- and disaccharides -0(10" -0.570" -0.570" -0.523" -0.393 -0.501' 0.225 -0.062 
Polyniurs 0.104 0.130 0.192 0.209 0.171 0.211 0.641' 0.774': 
Total nostructural carbohy. 

dr,its -0.573' -0.529" -0.517' -0.468" -0.348 -0.446' -0.060 0.122 

Dactylisglomerata (n = 9) 
Mono- amd disaccharides -0.515 -0.388 -0.392 -0.317 -0.394 -0.435 -0.332 -0.099 
Polymers -0.632" -0.744" -0.506 -0.663" -0.300 -0.563 0.086 -0.313 
Total nnstruclura] carbohy

drates -- 0.747" -0.760 -0.587" -0.661" -0.436 -0.653" -0.271 -0.460 

Festuca ruhr, (n = 8) 
Mono. and disaccharides -0.311 -0.345 -0.310 -0.334 -0.146 -0.113 -0.060 -0.275 
Polymers -0.080 -0.066 -0.035 -0.028 0.143 0.132 0.106 0.064 
Total nonstructural carbohy

dratls -0.280 -0.308 -0.273 -0.292 -0.103 -0.077 -0.034 -0.226 

S 0.05 
"S 0 .01 

'S 0.001 

K. O'Connor (New Zealand). We now see that this lures and this is why we've got the soluble carbohy
work has vin(icated the judgment that the high drateaccurnuilation. Iwould like to know what actual 
altitude pastures are sweeter. Iliai is almost a pro- kinds of weather conditions rather than the climatic 
verhial statement, and l hope that you will take that paraneter were associated with this phenomenon. 
miessage Io the aIthor of this work. May I ask, was 
there any opportunily to examine the weather condi- Voigtlander. You are right. I think that abnormal 
ions in ternis (if cloudiness and that sort of thing weather conditions can account for some variation. 

associaled with Ihe lower temperatures, especially But if one leaves weather conditions and goes to 
if this was possible for different samples from the the climatic, then Ithink we have veryclose relations. 
same sit .? I agree with the case that has been made We thought a kind of mapping for grassland areas 
for the overall sitoltion. 1'111 just hoping to under- using the potential to produce nonstructural car
stand further why it is that we get the soluble bohydrates and sonie representative plants coul J be 
carbohydrate accumulation. I presume that the solo- useful and could describe different locations. Blut 
ble(carhohydraes are not being converted into struc- it is for the future, I think. 
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Intensive Rearing Systems for Sheep Production
 
L. Ainsworth, A. J. Hackett, D. P. Heaney, G. A. Largford, H. F. Peters, and J.N.B. Shrestha
 
Animal Research Institute, Ottawa, Ontario, Canada
 

Sheep are well adapt(d to hill land agriculture e al., 1967; Shelton and( Robinson. "1967)established 
and, over the years, attempts have been made to that only compounds with physiological charac
identify the factors limiting sheep productivity from teristics similar to progesterone, particularly the 
the hill (Alcock, 1975; Lucas, 1975). It is considered short biological half-life, were suitable. Of the 
that the major constraint to increased animal pro- compounds tested, fluorogeslone acetate (F;A),* 
duction is insufficient feed, and it is evident from which has a potency 25 tinmes greater than proges
the papers presented at this symposium that consid- terone in the inhibition of ovulation (Shelton, 1965), 
erable research effort is being expended to increase has been used extensively. Sponge pessaries impreg
and improve the forage production potential from nated with 30 ing or 40 nmg FGA are available 
marginal and hill land areas. In spite of these commercially (G. I). Sear'le) and provide the most 
developments, the fact renains that in most agricul- widely used intravaginal treatment for controlled 
turally productive countries, ewes are seasonal breeding of sheep. 
breeders and often produce lamb crops below the 
potential fecundity for the particular breed. Although Use of Pregnant Mares' Serum Gonadotropin 
ample scope exists for improving the breeding per- (PMSG) 
formance of the ewe and efficiency of lamb produc- Quinlivan and Robinson (1967, 1969) have dem
tion by modifving traditional methods of breeding. onstrated that progestagens decreasehesurvival and 
nutrition and management of the flock, the sheep impe.d tra t o fesper a ine thes nvial tract 
industr%. in general. is far from achieving its opti- of !he ewe, resulting in a lowered fertility at the 
mum in reproductive output (Bindon. 1974). synchronized or in ced estrus. This lowered fert ii-

Over the past decade, significant advances have sycan be largely overcome by injection of a low 
been made in increasing reproductive ty the e a .the output a ov of l 
of sheep flocks through application of controlld dose of PMSG at the time of sponge vithdrawal. 
breeding techniques. These techniques were devel- Injection of PMSc; inluces a ih Sol)erov'lI, tory

the I an anoped following reports by Australian effect resulting in increase in prolificacy, 

(Robinson, 1964, 1965) that the estrous cycle of the advancement of the onset of estrus and i more precise 
sheep could be cont rolledi by the use of intravagina I and reliable synchronization of ovulation (;ordon,shepourethae contriesomedbyv'sof it roagesa- 1971; Cognie et al., 1968, 197(1; Colas, 1975b). Thepolyurethane pessaries impregnated with progesta- Use of PMSG in conjunction with the intravaginal 
gens. ratetimadtrduigteaetosssn

This presentation will review the advances made tr,'atment is mandatory during the anestr(is season 
in the development and application of controlled if an acceptable estrous response and conception 
breeding techniques using data generated from re- rate ire to be obtained (Gordon and Keane, 1967: 
search programs established in Eire and France. In Thimonier t al., 1968). During the normal breeding 
addition, attention will be devoted to the application season, the use of PMSC increases the level of fert ility 
of controlled breeding techniques in experimental at the inriuced estrus (Colas et al., 1973). 
total confinement programs which have been estab- Procedures tor Controlled Breeding of Sheep 
lished at the Rowett Research Institute, Aberdeen, Th techniquedeveloped by (;ordonant associates 
Scotland and the Animal Research Institute, Ottawa, (Gordon, :i tniversity College, Dubl in, inde975a,1Canada. (odn 95~):tlnvriyCl~e ~bii 

which ewes are bred by natural service, involves 
DEVELOPMENT OF CONTROLLED BREEDING treatment with intravaginal sponges impregnated 
TECHNIQUES USING INTRAVAGINAL PESSARIES with 30 mg FGA for two weeks, dusting of sponges 
IMPREGNATED WITH PROGESTAGEN with an antibiotic powder at insertion an(i an intra

muscular injection of PMS(; (usually 500 111) at 
Type of Progestagen Used in sponge withdrawal. Sexually experienced rais are 
Intravaginal Pessaries introduced (1:10 ratio) 48 hr after termination of 

Although a nunioer of progestational ,wftnts are treatment and remain with the ewes for at least three 
available, few are considered appropriate for use 
in control of sheep breeding. Screening of various *.Ih.fluoro-.lifi-hytiroxy.7o.anh;!Ixy.pregn-4-;i-,20-tiow; 
progestational agent, by Australian workers (Shelton SC-91o; G.D.Searle. 
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AINSWORTHi, ET AL. 
TABLE 1. Hormonal treatments used for the induction and synchronization of the estrous cycle in sheep

(from Thimonier and Cognie, 1971) 

IBretdlng Season Anestro us Season 

Physiological Dose of luralion of Dose of Dose of Duration of Dose of 
State of Ewes FGA (iag) Treatment (days) PMSC ([IJ)" FGA (mag) Treatment (days) )tMSG (I1J)' 

Dry ewes 3(1 or 411 14 400 30 12or 40 or 14 400-100La:chling ewes 30 or 40 12 400-6)0( 30 or 40 12 500-800Ewe Ionlts (7-8 months) 40 14 250-400 40 14 400-60 
"l'MSG is injected intramuscularly at the time of sponge removal. The overall treatments vary with the time of the year, thebreed and the physiological state of the ewe. 

weeks. The ewes are run at grass in groups not TABLE 2. Ways in which intravaginal spongeexceeding fifty. pessaries impregnated with FGA followed byIn France, the treatment schedule is similar except PMSG are being applied to control the breedingthat the dose of FGA used and the duration of activity and increase the reproductive output oftreatment depends upon the physiological state of sheep

the female and the season (Table 1).


It should be emphasized that for the treatments Sheep Category or System Reference
to be effective, they need to be applied under adequate animal husbandry and management condi - 1. reeing ewe aits 
 Thimonier ea., 196b;
tions. Particular emphasis is placed on the nutritional 
 Keane, 1974condition of males and females anti the minimization 2. Breeding of dry mature Gordon. 1975a, )
of stressful situations during and after treatment. 
 ewes in late anestrus for 
APPLICATION OF CONTROLLED BREEDING early lamb production
TECHNIQUES 3. Breeding of ewes in lacta- Thimonier et al.. 1968a; Cog-

Since the middle 1960's, research programs based tional anestrus niet al., 19754. Induction or synchro- Gordon, 1975a, b,1976; Colas,on the use of the intravaginal sponge impregnated nization of estrus followed 1975a, bwith FGA have been actively pursued by workers by set-time Al using freshat University College, Dublin, Eire, and at the Station or frozen semende lPhysiologie de la Reproduction, Centre de Tours, 5. Increasing litter size Gordon, 1975a, b; TheriezI.N.R.A., Nouzilly, France. In both of these programs, et a., 1971the major emphasis has been on attention to detail 6. Intensification of manage-ment, increasing ldmliing Cognie and Colas, 1968;and establishment of extensive field testing programs Thimonier and Cognie,frequency, continuous 1971; Thimonier et al.,under supervision. This approach has allowed the year-round production 1975
gradual solution of problems and given rise to an

effective and simple method for control of the breed
ing activity of sheep.


The technique has been applied und(er a range 
 CONTROLLED INTENSIVE BREEDING ANDof breed and management conditions, at all seasons REARING SYSTEMS FOR SHEEP PRODUCTIONof the year and among sheep in all different physio- France 
logical states (Table 2). The technique is now inwidespread commercial use in both countries, the The French have done more than any other groupservice being provided to sheep farmers through to exploit the use of modern technology to intensifycattle artificial insemination centers, and to increase the efficiency and productivity ofAlthough little has been done to late to apply commercial lamb production. The productioncontrolled breeding techniques to c:ommercial hill schemes which have been devised are based on theland prod uction sithtions, it is conceivable that use of a combination of modern management techthese techniques ,:an be applie(d to economic advan- niques.tage under the appropriate seasonal, nutritional and A. Synchronization or induction of estrus andhusbandry con(Iitions. Gordon (197:3) has stated that ovulation with FGA-impregnated intravaginalhill sheep (Blackface Mountain x Cheviot) respond sponges followed by intra-muscular injection ofits readily as lowland sheep to the FGA impregnated PMSG at sponge removal, according to the procesponge + PMSG technique. (lures outlined in Table 1. 

611
 



REARING SYSTEMS FOR SHEEP PRODUCTION 

B. Fixed-time Al, without detection ofestrus, with 
either fresh or frozen spermatozoa (Colas, 1975b).
By combining the above techniques, it is possibleto obtain high fertility throughout the year in dry 
adult ewes, in ewe lambs at 6-8 months of age,
provided they have reached at east 60% of adult 
weight, and in lactating ewes at 40-50 days after 
parturition. 

C. Early pregnancy diagnosis by estimation of 
the periphera! plasma progesterone levels at 18 days
after breeding (Robertson and Sarda, 1971: Sau-
mande and Thi imonier, 1972). By t ie of this tech-
nique ewes that are not pregnant' can be scheduled 
for retreatment. 

D. Induction of parturition by administration of 
dexamethasone (Bosc, 1973). A single intra-muscu-
lar injection of 10-15 mg dexamethasone at 143-14! 
days of pregnancy results in 90-95"", of pregnant 
ewes lambing over a 48-hour period. If the dexa-
methasone is administered in the evening, approxi-
mately 70% of the treated animals will iamb during 
the second day following treatment between 6:00 
A.Ni. and 6:00 ,.i. Induction of parturition reduces 
the lambing period and facilitates supervision, re-
sulting in a reduction of perinatal mortality. 

E. Artificial rearing and weaning oflambs on milk 
replacer. It has been established that the fertility 
of lactating ewes increases with the interval fronm 
parturition to breeding and decreases with the 
number of lambs suckled (Cognie et al.. 1975). The 
level of fertility also is decreased whatever the time 
interval when the ewes are bred in the spring rather 
than in the autumn. These authors also have shown 
that the level of fertility cian be improved signifi-
cantly if lactation is suppressed by removal of lambs 
at 12-24 hr after birth and the ewes are bred at 
50-58 days after parturition. 

Some or all of the above techniques have been 
integrated into several schemes of flock management 
which have been tested experimentally and are now 
being used commercially in one form or another 
on an increasing scale (Thimonier and Cognie, 1971; 
Thimonier et a., 1975). Using such schemes, there 
is a 60-100% increase in numerical productivity, 
including early reproduction of ewe lambs, 
compared to traditional breeding methods. The 
French have also introduced the highly prolific
Russian Romanov and Finnish Landrace breeds into 
their breeding programs, and extensive testing of 
crosses of these breeds with the traditional French 
breeds is being carried out. 

Rowett Research Institute, Aberdeen, Scotland 
A detailed description of this program, which was 

initiated in October, 1971, has been given by Robin-
son (1974). The unit is highly intensive and involves 

year-round confinement on zero grazing in a light
controlled environment. Two groups each of 48 
unselected Finnish Landrace x Dorset Horn eweshave been bred to Suffolk rams every 205 days to 
produce lambs which are abruptly weaned at four 
weeks of age on to cereal-based diets. The system
combines photoperiodism using the principles dem
onstrated by Yeates (1949) aid lpolyurethane in
travaginal sponge pessaries impregnated with 1) mg
FGA plus 400 rng progesterone, as described by
Gordon (1971), for the induction and synchro
nization of estrus, respectively. The plotoperiod 
treatment consists of a naturat daylength pattern
together with an artificial pattern as illustrated in 
Fig. 1. The pattern is similar for each group of ewes 
but with a displacement of 102 days. Following thlie 
abrupt increase in light duration to 1f hr at 60 days
after the synchronized estrus and the maintenance 
of this level to 90 days, the light is gradually 
decreased at the rate of 3.5 min per day. Thus, 
irrespective of the time of the year at which the 
ewes lamb, they are always heated at a t aylength
equivalent to that of October under natural condi
tions. Ewes are hand mated at the synchronized 
estrus to Suffolk rams using a procedure similar 
to that described by Jennings and Crowley ('197)).
Ewes that do not conceive are exposed to rams again 
twice daily during the period 15-21 days after the
 
synchronized estrus. The number of Ia 
 bis carried 
by the ewe is assessed by X-ray diagnosis at 12 
weeks of pregnancy (Wenhani and Robinson. 1972) 
and the fefeding regime adjusted according to the 
number of fetos':S. Superimposed (n this general
scheme are nutritional regimes designed to deter
mine the capacity of the ewe to withstand the 
pressure of continual pregnancy and lactation. (ver 
a period of five consecutive reproductive cycles, a 
total of 843 lambs were produced from the original
96 ewes. A total (if 89 ewes, or 93%, conceived 
at 3 or more of the possible 5 cycles and produced 
an average of 3.4 lambs per ewe per year (Robinson 
et al., 1975). While this scheme demands a high 
input, the output is also high and it is believed 
that this type of production system is economically 
feasible with experienced managenment. 

Animal Research Institute (ARI), Ottawa, Canada 
The rationale for, an] a general descrit)ion of 

the facilities and experimerital approach used in the 
total confinement sheep product ion research pro
gram established at AR has been presented (;owe 
et a., 1974). This program was conceived us a 
"systems approach" in which expertise from various 
disciplines would b. utilized and integrated into 
a research program, the objective of which is to 
develop an intensive sheep production system 
adaptable to Canadian conditions. The way in which 
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Figure 1. Artificial daylength patterns in relation to the natural daylength pattern usedconfinement system established for each group of ewes in the totalat the Rowett Research Institute, Aberdeen, Scotland (from Robinson et al., 1975). 

the various disciplines have been integrated into where they are fed milkthe program is illuslraled in Fig. 2. replacer dispensed bypipeline. Because of the high cost of milk replacer, 
A. General breeding design. Two synthetic fe-

considerable emphasis has been placed on reducingmale strains combining the highly prolific Finnish 
the weaning age and developing more economical 

Landrace breed with other breeds in Canada are being 
formulations. Currently lambs are weaned routinely 

developed for crossing to produce 
at 21 days of age. Also, work conducted at ARI hasa prolific hybridewe. A indicated that lambs fedsynthetic sire strain composed mainly of 

milk replacer containing24% fat perform just as well as those fed milk replacerSuffolk and lie de France genes with minor contribu- containing 30% fattions from (unpublished observations).seven other breeds is being developed formulation containing lower fat level now 
A 

for crossing on the crossbred ewe to 
the isproduce fast standard.growing, heavily muscled market lambs. Unselected Breeding ewesstrains of Suffolk and are fed almost exclusively an eco-Finnish Landrace sheep are nomical roughage diet, andbeing maintained growing lambsas genetic controls and a repeat are feda combinationmating scheme of roughage and concentrates.is being incorporated into Conthe pro- siderable effortgram. now is being directed at optimizing 

The principal both of these diets for the intensively managed sheep.criterion for selection within
female strains is reproductive performance 

the C. Control of the breeding cycle. 1. Generalwith procedures. In March,lesser emphasis on 1974, the sheep populationlean meat yield and growth rate,Selection in the male strain is for growth rate and 
was divided into two equal groups: A & P. Group

lean meal yield. It is expected 
A was bred in May, 1974, and Group B in September,that all three strains 1974. Subsequently,will adapt to total confinement, controlled reproduc-

each group has been bred at8-month intervals. The flock size is being increasedtion under artificial light regimes and response to lip to the projectedhormone treatment, number of 1600 breeding ewesthrough assignmentB. Nutrition. Lambs of ewe lambs. Ewe lambs bornare removed from their under themothers within 8-32 hr of birth, after being allowed 
Group A regime are assigned to Group

sufficient lime to obltain B for breeding at 7 months of age and vicethe necessary colostrum. versa,on the basis of selection at the end of a 70-day testThey are then transferred to a lamb-rearing barn program. 
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REARING SYSTEMS FOR SHEEP PRODUCTION 

REPRODUCTIVE PHYSIOLOGY 

Develop Procedures For: 

1. 	 Controlled Reproduction 

2. 	 Set Time A.I. 

3. 	 Freezing Ram Spermatozoa 

4. 	 Increasing Reproductive
Efficiency 

GENETICS V NUTRITION 
1. 	 Develop New Strains Develop Economic Rations

For 3-Way Cross INTENSIVE SHEEP PRODUCTION For: 
2. 	 Select For Increase SYSTEM 	 A. Artificial Rearing Of

In: Lambs 
A. Proificacy 	 A B. Growing And Finishing
B. Fertility Lambs 
C. Growth And
 

Muscle Yield 
 MANAGEMENT C. Breeding Stock 

1. 	 Increase Operational 
Efficiency 

2. 	 Reduce Flock Losses 

3. 	 Improve Animal 
Environment 

4. 	 Develop: 
A. Economic Housing 
B. Effective Waste
 

Management
 

Figure 2. Integration of scientific, engineering and 	 management inputs into the total confinement sheep production research 
program at the ARI, Ottawa, Canada. 

Initially, Group A was placed under a light regime chronization of estrusso that such ewes will continueof 10 hr light, 14 hr dark, beginning March 11, 1974. to cycle, thereby increasing the chance of the ani-
From May 1, 1974, the light regime has alternated mals' being bred.
between 10 hr light, 14 hr dark and 18 hr light, Adult ewes are synchronized, using sponge pes6 hr dark at four-month intervals..Group B was placed saries impregnated with either 30 or 40 mg FGA.under the same light:dark ratio except that the regime The sponges are inserted for 12 clays and 500 IlJ was 	four months out of phase with that of Group PMSG injected intramuscularly at the time of spongeA. Using these light regimes, the system is operated removal. Subsequently, some ewes dil no receiveunder a high light:dark ratio during the breeding PMSG so that an assessment could he made of theperiod and early gestation and a low light:dark ratio effect of PMSG on fertility an(d prolificacy. Ewe Inmbsduring late gestation and the postpartum interval, are treated with 40 mg FGA sponges for 	 14 daysI' has been demonstrated that abrupt decreases in and 500 II PMSG injected at sponge removal.daylength can induce estrous activity in ewes All ewes are bred following synchronization of
(Ducker el al., 1970; Ducker and Bowman, 1972; estrus either by natural mating or artificial insemina-Rougeot, 1973). The objective of this regime is to lion ((Al). Rams assigned for natural mating areinduce estrous cyclicity in the ewes prior to syn- introduced to groups of 12 ewes during the 24 hr 
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TABLE 3. Overall lambing rates and litter size of ewes bred by natural mating after synchronizationof the estrous cycle with FGA impregnated intravaginal sponges + PMSG at 8 month intervalsunder standardized total confinement conditions (see text) 

Ewes Lambing ("/Y,)
 
treedig Date ;roup Bred 
 No. Ewes Bred 1st Service 1st &2nd Service No. Limbs Born Litter Size 

Seti., 1974 11 411 36.3 54.4 379Jan., 1975 1.7A 303 44.6 71.3 354May, 1975" I 1.6520 12.7 49.2 317Sept., 1975 1.5A 252 40.1 67.1 327 1.9 
"in May, 1975, all ewes were bred by Al at the synchronized estrus followed by natural maling at tle subsequent estrus. 

following sponge removal and remain with the ewesfor a period of 21 days. Ewes 
TABLE 4. Composite strain differences in litterto be bred by Al are size of ewes bred by natural mating afterinseminated with fresh extended semen or fro- synchronization of the estrous cycle with FGAzen/thawed 

54 
semen either once or twice between impregnated intravaginal sponges + PMSG overand 60 hr after sponge removal. Currently, the three breeding cycles (Sept 1974, Jan 1975, Septcollection and preparation of semen and the number 1975) under standardized total confinementof spermatozoa inseminated is similar to that de- conditions (see text)scribed by Colas et al. (1968) and Colas (1975a,b).Each ram provides sufficient semen to inseminate 

a grou p of 12 No. Ewes No. Lambsewes. Rams are introduced into their Strain" Ewes Bired Lambing ( Horn Litter Sizerespective groups at 5 or 12 days after Al and remainwith the ewes for 9-16 days. 1 2111 55.0 166 1.42. Results to date. A summary of the overall 2 277 59.9 293 1.8lambing and litter size, composite strain differences 3 360 74.2 497 1.9in litter size anti effect of PMSG on litter size of 4 74 37.8 45 1.6ewes bred under tie standardized total confinement 5 36 75.0 59 2.2conditions over suc, 'ssive breeding cycles is shown 1'he breed composition of the synthetic strains (1-3) has Ieenin Tables 3-5. From these data it can be concluded described by Gowe el A., 1974. Strain 4 is purebred Suffolkthat incorporation of the Finnish Landrace genes and strain 5 is purebred Finnish Landrace.inito strains 2 and 3 andi treatment of ewes with "Overall percentage of ewes lambing after exposure to ramsPMSG at the time of sponge removal is increasing for two estrous cycles.
litter size. Also, the overall lambing rate of the two
synthetic (lani strains (strains 2 and 3) is higher quirements. Of the animals assigned to a particularthan that of the sire strain (strain 1). breeding, approximatelyAlthough these data are encouraging, it should months of age and 25% 
25% are ewe lambs of 7 

be borne are ram lambs of the samein mind that assignment of the ewes and age that have not previously been exposed to estrousrams for breeding is controlled by the genetic re- ewes. It has been established that the lambing rate 

TABLE 5. Effect of PMSG treatment on litter size of ewes bred by natural mating aftersynchronization of the estrous cycle with FGA impregnated intravaginal sponges under
standardized total confinement conditions (see text) 

ireeding (roup No. Ewes PMSG Ewes Lamibing to No. Lan'bs LittertredDate FIred lrealiment 1st Service (%) Born Size 

May, 1974 A 2(5 500 1t1 26.3 122Sept.. 1974 2.26I1 19: 0 :16.8 110 1.55 
216 500 111 36.1Jan., 1975 164 2.10A 150 0 46.0 106 
15:3 5010 It) 43.1 

1.54 

Sept., 1975 1:35 2.05A 130 0 37.7 105 2.14 
122 500)} II 42.6 110 2.12 
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Breeding Date (hr) (xl') 

Sept., 1975 54 and 60 360 

Jan., 1976 54 and 59 450 

May, 1976 56 and 60 450 


'The number ewes pregnant was diagnosed by measuremett 
after insemination, as described by Robertson and Sarda (1971). 

"Number ewes inseminated. 

of ewe lambs and of groups bred by ram lambs is 
30-50% lower than that of mature ewes or of groups
bred by mature rams, which lowers the overall 
lambing rate by 10-15%. 

Beginning with the September, 1975, breeding, 
considerable effort has been made to improve the
Al results by training the rams, using only high
quality semen, comparing the use of fresh versusfrozen/thawed spermatozoa and defining more 
clearly the limits to be observed in the timing of 
Al and number of insemination doses.. These data 
are summarized in Tables 6 and 7. The fertility data 
obtained after breeding sheep by set-tim e Al using
fresh spermatozoa compared favorably with the re-
suits of Gordon (1975b, 1976) and Colas (19751). 
However, when using frozen/thawed semen, the
conception and lambing rates were variable and were 

TABLE 7. Comparison of single versus double 
insemination using fresh diluted spermatozoa on 
the conception rate of ewes bred by set-time Al 
after synchronization of the estrous cycle with

FGA impregnated intravaginal sponges + PMSG 

Timei!of 

nsion. 

nNa. 
After 

Breeding 
No. 

nsmi-
Sponge 
Removal 

Ewes 
Insemi-

Concep-
tion 

Date nations ' (br) nated M 

Jan., 1976 1 54 50 64 
2 54 and 59 67 57 

May, 1976 1 56 52 83 
2 56 and 60 53 81 

All ewes inseminated with 450 x 10" fresh spermatozoa in 
0.5 ml iluted semen t he times stated. 

"'See legend to Table 6. 

REARING SYSTEMS FOR SHEEP PRODIICTON 

TABLE 6. Comparison of conception and lambing rates of ewes bred by set-time Al using
fresh or frozen-thawed spermatozoa after synchronization of the estrous cycle

with FGA impregnated intravaginal sponges + PMSG
 

Tinme of [nswilination No. Sp'rniatozoa Fresh Sernatozoa Frzen Sperniatozoa
After Sponge Removal Islilinatid Coliceptio'1)i" Lambl,, 
 Coiception Lambing

(I%) ( ,,) (%) (%) 

76 75 53 41 

(59)'" (6(t) 
60 51 27 23 

(116) (1181)
82 - 15 

(1(05) (51) 
of plasma progesterone levels iil blood sainples taken atlIl days 

due, in part, to the differences in freezabilily of the 
semen obtained from the preassigned rams. More 
work is required to elucidale the variables which 
need to he controlled to obtain the most favorable 
conditions for good fertility. 
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Grazing Systems for Hill Lands
 
T. B. Trew 
United States Department of Agriculture, Soil Conservation Service, Richmond, Virginia, USA 

The hill lands referred to in this paper are the 
83.8 million hectares of Appalachia in 19 states from 
Maine to Alabama in the eastern United States. The 
topography ranges from steep Appalachian Moun-
tain slopes to gently sloping foothills. Elevations 
range from 91 to 2042 m. Annual rainfall ranges 
from 64 to 152 cm, and the growing season averages 
250 days in the southern part of the region and 
140 lays in the northern part. 

Soils are dominantly acid and were formed under 
a hardwood forest in the mixed mesophytic, oak-
chestnut, hemlock-white pine-northern hardwood, 
and oak-pine forest regions. 

Present land use in ha is: pasture, 8903400: 
cropland, 11736300; woodland, 53825100; and 
other land, 9308100. Four kinds of pastures and 
the extent of each in the region are: 

Hectares 
Native' 5210451 
Tame (improved)2! 1403833 
Woodland pastured ' 5024959 
Cropland used for pasture 4 3007569 

Total 14646813 

More than one-third of the land grazed in this 
region is native pasture. Little bluestem (Andropo-
gon scoparius) is the principal species on native 
pastureland that was used as cropland many years 
ago. Indiangrass (Sorgastrum nutans) is found in 
pure stands on lands that have never been plowed, 
Mountain oatgrass (Danthonia compressa) is the 
principal species on the grassy balds. These balds 
are found at the higher elevations, usually above 
1 158 m, and produce abundant summer grazing. 
The introduced naturalized pastures consist of intro-
duced plants such as orchardgrass (Dacty is glo-
merata), meadow fescue (Festuca elatior), and timo-
thy (Phleum pratense) that have evolved over a 
period of time into a species or ecotype that can 
tolerate the low pH and fertility as the native species 
do. The so-called bluegrass pastures c;onta:n a mix-
ture of species, including Kentucky bluegrass (Poa 

'Includes native grass, inlroduced-naturalized, and some of the 
bluegrass pastures, 
Permanent lame pasture, perennial plants. 

:'Woodland grazed intermittently or regularly. 
'Pasture in a cropping system, 

pratensis)and orchardgrass. Fertility, grazing man
agement, p1-, and other factors may determine which 
will be dominant. Other warn-season species such 
as low paspalums (Plspaluni spp.) and panicums 
(Panir:imspp.) may he prevalent during the growing 
season. 

Improved pastures may he orchardgrass, Kentucky 
31 fescue (lestmca arundinacea), timothy, reed ca
narygrass(Pldarisaruiuinc:ea),and redtop (Agrostis 
alba) in the northern parl of the region. 

More than 10 million animal units graze these 
hill landl pastures. About 60% are beef cattile. Major 
production problems are overgrazing, brush man
agement, steep top)ography, shortage of labor, and 
poorly drained soils. 

More than one kind of pasture is generally found 
on a farm. Some may have as many as four. Ilelping 
farmers put these different kinds of pasture together 
in a platned grazing system designed to meet their 
objectives and fit the farm-its soils, plants, and 
livestock enterprise-has been very successful and 
appreciated. Soil Conservation Service personnel
have assisted many farmers in developing grazing 
systems for their farms. The Extension Service has 
actively promoted winter grazing in their edtcation 
program. 

Until recent years, most Virginia cattle grazed 
during the growing season and were fed during the 
remaining three to five months of the year. Winter 
grazing was a missing link in farmers' grazing 
systems. Now many cattlemen use Kentucky 31 
fescue for winter grazing and have reduticed the c;ost 
of keeping a beef cow $40 to $50 per year. Winter 
hay requirements have been reduced from 80 to 15 
or 20 bales per cow. Labor cost has been reduced 
75 to 80%. Machinery and other operating costs 
also have been reduced. Grazing cattle have fewer 
health problems than those c:oncentratel for winter 
feeding. Examples of grazing systems commonly 
used on Virginia hill lands are shown in Table 1. 

Advantages of these grazing systems are optimum 
animal production at low cost; conservation of soil, 
water, and plant resources; and healthier, more 
productive plants that are less affected by drought 
than those that are overgrazed. The farmer also isable to take advantage of special features which make
certain grasses more valuable, such as using fescue 
for wipter grazing. Good grazing systems also add] 
stability to the livestock industry which dhepends 
on grass as the primary resource base, 
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TABLE 1. Planned grazing systems used in Virginia 

Species Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

Ky 31 Fescue x x x hay
Bluegrass-Clover x *x 

x x x x.* x x 

Ky :11 Fescue x x x * xIlluegrass-Clover 
x 

Orchardgrass-Clover 
x x x x 

hay xLittle Blluestem 
x x 

Orchardgrass-Clover x xillhegrass-Clover X * x 
x x X x 

'Apply lime, phosphate and potash according to soil test plus 36-41 kilograms of nitrogen annually.
*"Apply lime, phosphate and potash according to soil test. 
x - Graze. 

In order for a grazing system to function smoothly,the growth afn( physiological requirements of the
plants must be met. Overgrazing has been common 
on hill lands for many years. It lowers production
and weakens and may actually kill the plants. Fenc-
ing may he needed to separate pastures with different 
g:asses and prevent overgrazing, 

One of the first steps in planning a grazing system
is to achieve a balance between grazing animals and
the grass produced. To do so, farmers may need 
to sell cows. Most farmers with a grazing system 
use a medium level of management and achieve 
proper ise! by stocking at the rate of slightly over one ha of established grass per animal unit yearlong.

Proper grazing use helps maintain enough leaf
surface on the grass plant for maximum photo-
synthesis and consequent high prodtuction. Rotation
grazing also is built into these systems. This allows 
replenishment of root reserves, seed production,
accumulation of growth for hay
anti harvesting at the optimum time. 

o future grazing, 

Management reluirements for different plants inthe system vary because of plant type, growth habit, 
season of growth, and other reasons. Meeting these 
growth and physiological requirements, especially 
proper grazing use, is essential for optimum produc-
tion and conservation of the resource base. 

Planned grazing systems are becoming more pop-
ular with farmets in Appalachia because of their many advantages. At least 15% of Virginia's cattle-
men have them or are in the process of establishing
them. More are being planned. 

DISCUSSION 
F. P. Horn (Oklahoma, USA). There have been
suggestions that the cattle we produce now off sug est o n a thes a c od uc e w ere 
pasture are not in as good a condition as they were
several years ago, and that this has been attributed 
to an increased use of nitrogen fertilizer. Do you
feel there is a relationship?
Trew. I would agree that individual animal perform
once on many farms has declined in recent years.

However, I would attribute this rather to a lesser 
use of fertilizer or pasture with the increased cost
 
of nitrogen. This has been aggravated by drought
conditions in the Piedmont area of Virginia.
K. F. O'Connor (New Zealand). Could you give us
 
some idea of the grazing duration per grazing time

that you are recommending in 
 your management
systems-for example, on your Kentucky blue
grass-white clov-r pastures in summer and tall
fescue pastures in winter? I am concerned about
the amount of unconsumed dead matter that I see 
on the pastures from your slides. 
Trew. It takes about 0.5 ha of Kentucky 31 fescue 
to carry a cow through the winter, and this provides
120 grazing days. Grazing duration on other species
will depend on acreage available and management.
O'Connor. Are you using a rotational grazing system

onod se yocking 
or period set stocking?
Trew. We encourage farmers to use the grass as 
a guide to management. On Kentucky bluegrass, for
example, livestock are moved to another pasture
when the herbage is grazed down to about 5 cm. 
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106. 
Utilization of Pennsylvania Hill Land Pastures for 
Beef Production 

J. B. Washko and L. L. Wilson 
Pennsylvania State University, Univeisity Park, Pennsylvania, USA 

Pennsylvania has approximately 700000 ha of 
pastureland that is too hilly, rough, rocky, shallow, 
or brushy to be used for cultivation. Soils on these 
sites vary from well-drained to droughty to those 
with poor internal drainage. Soil p1 varies from 
4.5 to 5.5. Generally, they are low in phosphorus 
(P) and their potassium (K) level is variable depend-
ing upon the parent material from which the' were 
formed. Soils derived from the shales generally have 
adequate levels of K while those of limestone and 
sandstone origin are low in K. 

Experiments within the state have demonstrated 
that by the application of moderate levels of soil 
amendments and the seeding of adapted forage 
species, sufficient forage can be produced to grow 
out calves for subsequent fattening or to support 
cow and calf operations (Sullivan et al.. 1959, 1969; 
Washko and Phillips, 1966; Washko and Wilson, 
1974). These experiments were conducted on soils 
which varied in depth from a few cm with rock 
outcrops to those several m deep. Annual precipi-
tation ranged from 900 to 1000 mm with variable 
s.asonal distribution, 

Results from three large-scale experiments will 
be cited to indicate the beef production potential 
of such hill land pastures; (1) a grazing experiment 
with steers, (2) a crossbred dairy-beef cow and calf 
operation, and (3) a crossbred beef cattle cow and 
calf operation under different management levels, 
Two experiments were conducted at the Rockview 
Correctional Institution in central Pennsylvania 
(40047 ' N: and 7751' W), whereas the third was 

'located in western Pennsylvania (40'15' N: 79O39 
W). 

Pastures in these experiments were reclaimed from 
abandoned cropland which had reverted to weeds, 
briars, brush, and poverty grass (Danthoniaspicata) 
with limited amounts of Kentucky bluegrass (Poa 
pratensis) and Canada bluegrass (Poa compressa ). 
Sites were characterized by moderately undulating 
to rolling relief transversed by slopes with grades 
up to 15%. In central Pennsylvania the soils were 
of three types: (1) fine, mixed mesic typic hapludalfs 
(Hagerstown series); (2) clayey, illitic, mesic typic 
hapludults (Hublersburg series); and (3) fine-loamy, 
mixed, mesic ultic hapludalfs (Morrison series). At 
the western location the soils were: (1) fine, mixed, 

mesic aquic hapludalfs (Guernsey series) and (2) 
fine-loamy, mixed, mesic ultic hapludalfs (West
moreland series). 

When brush was present it was cleared with a 
bulldozer. Old vegetation was destroyed by tillage 
with a disk plow and subsequent disking. Limestone 
and P and K were applied in accordance with soil 
test results. Forage grasses alone and in legume 
mixtures were band seeded on prepared seedbeds 
with spring oats as a companion crop oil the steep 
slopes where soil erosion was a problem. Both grasses 
alone and legume-grass swards received inainte
nance applications of P and Keach fall in accordance 
with soil tests. When soil tests indicated low mnagne
sium (Mg) levels, dolomitic limestone was used not 
only to apply the Mg but also to correct soil acidity. 
Since nitrogen (N) levels utilized on the grasses alone 
and ihe forage species in the three experiments 
differed these will be discussed under the specific 
experiments. 

Pastures were laid out and fenced for rotational 
grazing. Five pastures were assigned to each group 
of cattle. An animal unit in the central Pennsylvania 
experiments was considered the equivalent of an 
animal weighing 454 kg liveweight. Animals were 
stocked at rates which varied from one animal unit 
for 0.4 ha to 2.0 ha. Cattle were turned on pasture 
the first week of May when the forage reached a 
height of 12 to 25 cm and remained on pasture until 
all edible forage was consumed, between October 
15 and November 15, depending upon growing 
conditions of the season. 'he exception was at the 
western experiment, where the cattle remained on 

.pasture the year around. Surplus pasturag,, was 
ensiled in trench silos or was removed as hay and 
baled in large round rolled bales or in compressed 
stacks for feeding during droughty periods if needed, 
or in winter. At the western Pennsylvania site the 
cattle fed on the large round bales during the months 
pastures were unproductive or dormant. 

Pastures were clipped periodically during the 
grazing season to control weeds and remove unpal
atable growth as well as to encourage regrowth of 
the species. Dung islands were spread by means 
of chain harrow each aulumn after termination of 
the growing season except at the western Pennsyl
vania experiment. Cattle on all experiments had 
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access to calcium (Ca)-P trace mineral mixtures and 
salt. 


ROCKVIEW STEER GRAZING EXPERIMENT 
This area consisted of 74 ha divided into 22 

pastures, ranging in size from 2.8 to 4.9 ha, andi 
followed natural andcontours boundaries. The 
forage species and cultivars seeded at this site were: 
common, S-37 and Pennlate orchardgrass (Dactylis
ghnwrala), Lincoln smooth bromegrass (Bromus
inermis), conmon reed carnarygrass (Phalarisarun-
dinacea), and common Kentucky bluegrass seeded 
in pure stands. Legtlaes seeded with each of the
already listed weregrasses Buffalo and DuPuits 
alfalfas (Medicagosaliva), Emp;re and Viking birds-
foot trefoils (Lotus corniculatus),and ladino clover 
(7"rifolium repens). The grasses in pure stand were
fertilized with 180 kg of urea nitrogen/ha in four 
split applications of 45 kg/ha each and these were 
applied prior to the first grazing and following each 
grazing except the last for the season. Four rotational 
grazings were made on earh pasture per season. 

Beef production per ha was compared using year-ling Ilereford steers grazing N-fertilized grass swards 
alone and legume-grass swards with and without 
grain supplementation on pastures (luring the 1957-
6'1period. Grain supplementation consisted of 2.3 
kg of ground grain (85% maize and 15% oats) and 
0.45 kg of 36% protein concentrate per head daily.
Steers were implanted with 24 mg of diethylstilbes-
trol in the ear. 

Results are presented in Table 1. Beef production
for the grazing season of 176 to 209 days averaged 
from 342 to 408 kg/ha. Cattle gains on N-fertilized 
grass swards and legume-grass mixtures, although 
slightly favoring the legume-grasses, were not dif-
ferent (P > .05). 

Feeding of concentrates on pasture increased beef 
yield by 60 kg/ha on the N-fertilized and 41 kg/ha 
on the legume-grass mixtures. Beef production on 

N-fertilized grass and legume-grass mixtures with 
grain feeding was similar. However, grain feeding 
on both sward types increased beef production perha grazed (P < .05). It would have required from 
.04 to .05 ha of maize (Zea mays) and from .02 to
.03 ha of oats (Avena sativa) per steer to furnish 
the concentrates fed over the 176- to 209-day grazing
period based on yield levels of 7 846 kg/ ha for maize 
and 2511 kg/ha for the oats. 

Cattle were slaughtered and graded at the end 
of each grazing season. Dressing percentages and 
conformation scores were not materially influenced 
by sward types. Grain feeding on both sward types
increased dressing percentage and conformation 
scores slightly. Differences in dressing percentages
and conformation scores dte to grain feeding were 
obtained only with the legume-grass mixtures. 

The vulnerability of hill pastures to droughts is 
illustrated by this Rockview steer grazing experi
ment. In 1962, central Pennsylvani experienced a 
severe drought. Instead of the average 900 to 1000 
mm of rainfall normally expected, only 755 mm of 
rainfall fell. The four summer months of May, June,July, and August received only 233 mm of precipi
tation instead of the normal 610 mm. This 61.8"% 
precipitation deficit resulted in a drastic reduction 
of pasturage for beef production. Beef production 
per ha on pasturage alone on integrated swards of 
legume-grasses and N-fertilized grass averaged only
240/kg/ha for 1962 compared with an average of 
355 kg/ha for the 1957-61 years, or a reduction 
of 115 kg/ha associated with the drought (Washko
and Phillips, 1966). 

ROCKVIEW CROSSBRED DAIRY-BEEF COW AND 
CALF EXPERIMENT 

Prifr to assignment to the experiment the 126 ha 
of land were itilized as follows: 55 ha were in 
permanent pasture, 61 were strip cropped in a 
maize-oats-wheat-hay rotation, and 10 were in hay. 

TABLE 1. Beef production on renovated hill land pastures at Rockview, 1957-61 

[.ivewetight Steer Gains on pastures Under 
Different Fee(ling Systems (kg/ha) 

N-fertilized Leguine-Grass Grazing DaysN-fertilized Leguine-Crass Crass Mixtures Furnished perYears Grass Mixtures With Conocentrates Season per ha 

1957 :141 40:13 41:1 376li95 :11 3o 1 
403 

3611 383 353
1959I 3511 373 33118 
 46219 0 :366 395 

460 
445 427 516


196 1 311 361 395 366 
 489
 
Average :142 367 403 4011 439 

L.S.I). at.05 tevel = :17kg. 
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PENNSYLVANIA HILL LAND PASTURES FOR BEEF PRODUCTION
 

This area was divided into 23 pasture paddocks Some idea of the productivity of the forage species 
which ranged from 2.4 to 10.5 ha depending upon tunder grazing on the soils and climatic conditions 
terrain and natural boundaries. The permanent pas- of central Pennsylvania can be obtained from Table 
tureland was retained in pasture but was divided 2. Kentucky bluegrass yielded less pasturage than 
into five paddocks. the tall-growing grasses such as orchardgrass, 

Forage species in these five permanent pasture smooth bromegrass, or reed canarygrass. This is 
paddocks were estimated to he 80% Kentucky blue- because Kentucky bluegrass goes into summer dor
grass, 100' orchardgrass, 5% white c:lover (Trifoliim mancy when soil temperatures rise above 27 C 
repens), and 5% quackgrass (Agropyron repons). (Brown, 1939). Kentucky bluegrass also furnished 
Vegetation on the hayland consisted of 80% or- the lowest number of grazing days per ha per season, 
chardgrass and 20% timothy (Phlemnpratense). The 72 less than the N-fertilized orchardgrass and i8 
last crop in the strip-cropped area was wheat (Triti- less than the birdsfoot trefoil in any mixtures with 
car vula.,are) overseeded with orchardgrass alone orchard, smooth brome. and reed canary grasses. 
or with birdsfoot trefoil, sinooth bromegrass, or reed The value of hill pastures for a cow-calf herd is 
canarygrass. The forage cultivars seeded were corn- illustrated in Table ' by one of the crossbred Itol
mon orchardgrass, Pen nmead orchardgrass, Saratoga stein-Angus cattle groups at Rockview. Animals in 
smooth bromegrass, common reed canarygrass, and the group averaged 38 cows and 39 calves on five 
Viking hirdsfoot trefoil. pastures totaling 24 ha. Calves gained an average 

Four to five pasture paddocks were assigned to of 217 kg/ha and the cows 67 kg/ha over the 
each of five ttolstein-Angus F, crossbred cattle three-year (1970-72) grazing seasons. In addition, 
groups ranging from 38 to 50 head and their calves one c(ow per season was culled antid replaced by 
at a stocking rate of 0.57 ha per cow and calf until a first (ialf heifer whose weight averaged 82 kg less 
July 1 and 0.63 ha for the remaining grazing season. per season than the animal she replaced. lence, 
Pasture swards of each forage species were aIlotted another 3.4 kg/ha of liveweight shoul Ibe credited 
for grazing by each cattle group, in so far as possible. to the pasture system. 
In addition to the fall maintenance applications of Not all the weight gained by the calves can he 
P and K, two 50 kg annual nitrogen/ha applications attributed directly to the forage since part of the 
were made, the first in early spring, the second in weight gain is obtained from the milk provided by 
early July on all padAocks in grasses alone and on the cow. Thus, in a cow-calf operation the growth 
legume-grass swards when the legume stand and the gain in weight of the calves and the weight 
dropped below 30%. differences in cow replacements on paslure represent 

The 190 to 210 crossbred cows carried on this the b,.ef produced per ha. 
experiment were bred artificially to Polled Hereford, 
Charolais, Limousin, and Simmental bulls over a 
45-day period, then exposed to natural service for UNDER DIFFERENT MANAGEMENT LEVELS 

an additional 25 days. During wintering, hay and This experiment is located at the western Pennsyl
silage, supplemented with pea and corn canning- vania Forage-Beef Farm approximately "30kin from 
waste silage, were fed in required amounts but Pittsburgh and is being condbucted currently (Plan
without supplemental concentrates. The calves re- ning and Supervision Committee, 1976). The land 
ceived creep feed at eight months of age and were area is divided into three )ro(luction units. Unit 
weaned at nine to ten months. A consists of 69 ha of pasture and hayland and 

TABLE 2. Productivity of several pasture species under grazing by crossbred Holstein-Angus cows 
and calves on hill pastures at Rockview, 1970-72 

Dry Mittltr (MT/ha) (;razing aiys/hai/A.IJ.' 

Pasture qpecies 1970 1971 1972 Avg. 1970 1971 1972 Avg. 

Kentucky bluegrass 11.94 5.16 5. B 6.50 277 264 311 2111 
Orchardgrass 9.04 6.H2 5.92 7.26 356 31111 304 353 
Birdsfoot trefoil-grass" 8.611 6.17 6.26 7.04 393 427 2117 ,69 

L.S.D., .05 level .34 .319 .26 .32 

"Orchard, smooth brome, or reed canary.
 
"Animal unit (A.U.) equivalent of 454 kg liveweight.
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TABLE 3. Beef production on hill land pastures Because not all pastures and hayfields were utiwith cross-bred Holstein-Angus cow and calf lized fully and reseeding of several of the pasturesherd, Rockview, 1970-72 and hayfields was necessary, beef production per 

ha as indicated by calf weight would not be mean-
Animal Gains on ingful for the first two years, 1974-75, of the experi-Animal Niiults, I lichres IPsiutes ' (kg/ha) ment. A better indication of the productivity of theYear Cows Calves (rized Cows Calves pastures and hayfields was their carrying capacity 

as utilized (Table 4).
1970 -31 .:3 24 4 2:3
1971 :38 :3 24 15 211 TABLE 4. Carrying capacity of hill land pastures
172 :136 :35 24 2: 1 207 under different levels of management ofcrossbred cow and calves, 1974-75 

'3.4 kg/h slould m rediild to 3Vslures of)cow replacenients

due to weight differences of replacement. 
 Carrying Capacity-Cow" Days/ha 

is stocked at one cow and calf per 0.11 ha. Lime Winter Grazeal1d3 fertilizer are applied according to soil test Managiement Level Grazing Only and flay Feeding
recommendations on this uniL. Pastures are clipped 
as often as needed. Unit 13 has 28 ha of pasture I Init A-high 502and hayland. Stocking rate is one cow 
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and calf per Unit lI-medium 413 549
1.2 ha. , Lime is applied when soil p1l drops below I Unit C-low 215 284

6.0 and fertilizer is applied at only one-half the 'Any animal one year old or older,
recomnlend:d rate based on soil test. Pastures are
clipped only once. Unit C is composed of 25 ha As would be expected, pastures on Unit A withof pasture and hayland anl is stocked at the rate the highest fertility and more intensive managementof one cow and calf per 2.0 ha. Soil pH in its pastuores provided 502 cow days of grazing and Unit C withranges from 5.4 to 6.0. No lime or fertilizer is used the lowest fertility and least intensive managementon this unit except for minimum amounts for estab- furnished only 215 cuw days of grazing per ha. Unitlishment of hay stands. Clipping of pasturus is not B, the medium fertility and management unit, waspracticed. intermediate in carrying capacity, furnishing 413There are several permanent pastures among the (:ow days of grazing/ha.three units. Kentucky bluegrass is the dominant Under the winter grazing large round bale system,forage species on these pastures with variable the high fertility and intensive management Unitamounts of redtop (Agrostis alha), while clover, andi A and the medium fertility and intensive manage
qua(:kgrass present. A majority of the pastures consist ment Unit B each furnished over 500 cow days/halargely of orchardgrass and quackgrass with small of grazing and feed. The low level of fertility anda rnounl0s of while clover. Hayfields consist of or- management system provided only 284 days ofchardgrass, timothy, quackgrass, an( less than 251% grazing and feed. 
alfalfa in old stands on units A and B. The hayfield
 
on Unit C was seedetl 
 t a mixture of red clover REFERENCES
(Trifoitini pratense) and timolthy. Brown, E. M. 1939. Some effects of temperature on the growthTwo pastores in Unit A and one in Unit B were and chemnical composition of certain pasture grasses. Mo. Agr.
seeded to tall fescue (Festcait aruldfinacea) and Expl. Sta. Bull. 299.ladino clover for winter grazing. Legumes, particu- Planning and Supervision Committee. 1976. Western Pennsyllarly birdsfoot trefoil, are being introduced into Ihe vania forage-beef farm 1974-1975 Prog. Report, Pa. Agr. Expl.
pastures via the sd-seeding technique. N has been Sta.applied in two increments of 56 kg/ha each on Unit Sullivan, E. F., Phillips, P. 1..G. R., and Haskins, Washko, 1. B., Miller, R.C., Keen,A. L. 1959. A comparison of nitrogen
A and one increment of 56 kg /ha on Unit B pastures, fertilizedgrass andgrass-legume pasturage on performance ofSurplus pasturage and h,'y are bale(] i-. large round yearling steers with and without stilbestrol and grain feeding.bales for winter feeding. Pa. Agr. Expt. Sta. Prog. Report 211.All cows remainii on pastures an( on hay aftermath . 1960. Productivity of grass and grass-legume pasturesIhe year arouind without overhead shelter. Cows are as measured h performance of yearling steers..Pa. Agr. Expt.wintered on standing hay aftermath and large round Sta. Prog. Report 2211. 
bales which remain ill plac:e as blied until consumed. Washko, 1. B1.and Phillips, p. 1. 1966. Reclamation of depletedland for heef productionA 56-day calving season starts during March to 

under humid conlitions. Proc. IXf12 1009-14. Brazil.Int. GrasslandCong., pp).1r5, an1ually. A crossbreeding program is followed Washko, 1. B.and Wilson, L. L. 1974. Productivity of marginalfor each unit wit h3 buills exchanged among inits iii pasturelanl utilized by crossbred Angus-Holstein cows andsuccessive years. calves. Proc. XII Int. Grassland Cong., pp. 768-77. Russia. 
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GRAZING SYSTEMS IN NEW ZEALAND 

DISCUSSION 

Unidentified. Did your experimental work show that 
you could maintain the soil pH above 6.0, put on 
four applications of 56 kg N/ha, and make any 
money? 
Washko. Since this work was conducted at the State 
Penitentiary, it isn't possible to make estimates of 
labor costs. The amount of labor involved was 
certainly higher than we would encourage under 
commercial farm conditions. 

1. E. Winch (Guelph. Canada). You mentioned that 
you maintained yo,;r trefoil systems for 8-9 years.
In that period, did you allow it to reseed? 

Washko. Yes. Early in springtime when we first 
started the system we grazed the N-fertilized grasses 
first and let the legumes get further along. Often 
the hirdsfoot trefoil would have reseeded by the timin 
we used it. 
Winch. Do you think that's necessary under Penn-
sylvania conditions? 
Washko. The longest stand that I was able to keep 
from one seeding was seven years; the first birdsfout 
trefoil stand there was introduced in 1940 and lasted 

107. 

33 years, but probably did not contain the original 
plants. I think you should allow periodic reseeding 
because you can get winter killing or disease build
up. This is why we are particularly interested in 
Dawn birdsfoot trefoil, from Missouri, because we 
do get years when Rhizoctonia knocks out our trefoilstands. Persistence is generally hetter in northern 
than insouthern Pennsylvania. 

Unidentified. Reed canarygrass interests me as a 
possibility for early grazing. I noticed that you used 
it in mixtures with trefoil. Was this the Empire
variety? 

Washko. We used Viking trefoil with reed canary
grass and Empire trefoil with Kentucky bluegrass. 
Unidentified. I was surprised to see that you didn't 
graze the reed canarygrass-trefoil combination until 
the third week of May. Why didn't you start earlier? 
Washko. Birdsfoot trefil is slower getting started, 
as you know, and wc wanted to give it a chance 
to develop. So we grazed the N-fertilized grass first. 
Unidentified. Our experience is that you should 
graze such a combination early to take the grass 
out and maintain the legume component. 

Sheep and Cattle Pastoral Grazing Systems on
 
New Zealand Hill Country 
A. W. Pantall 
South Otago Farm Con,;ultancy, Balclutha, New Zealand 

The stimulus for development and management 
of hill country grasslands in New Zealand over the 
past 20 years has been largely initiated by the basic 
classical research carried out at the Hill Country 
Research Station at Te Awa (Suckling, 1956, 1975), 
though its application is complicated by the wide 
diversity of hill country throughout New Zealand. 

The two main islands extend from 340 to 470 S 
and from 1660 to 179' E. They are both very hilly 
and mountainous, more than 75% being over 200 
m, and 223 named peaks are over 2 300 m. There 
is a wide variation in local climates, mean annual 
rainfall varying from 350 mm to over 3(000 mm in 
different farming districts and mean temperatures 
vary tremendously from the far north to the far south, 
affecting the general growth pattern of pastures 
throughout; e.g., mean annual air temperatures (N.Z. 
Official Year Book, 1975) in the far north (Kaitaia) 

15.3 C, maximum 28 C, minimum 2 C and in the 
far south (Invercargill) 9.5 C, maximum 28 C, mainli
mum -5 C. 

Of the total area of 26.9 million ha only 14.2 million 
ha is productive, including 8.5 million ha in im
proved pastureand hill country pastureand 5 million 
ha in tussock grasslands, much of which is unim

,
proved. Topographically, about 50', of the total land 
mass is classed as steep and mountainous, 10% 
moderately hilly and 20'% rolling and flat. There 
is a further distinction belween the "hill country" 
and the "high country" in the South Island and 
the "hard hill country" in the North Island, these 
latter two being mainly above 600 m and in the 
central mountainous chain. 

Because of these wide differences in topography 
and climate, the hill country grazing management 
systems of sheep and beef cattle vary from district 
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to district and have to be adjusted and adapted to good drainage, intensive stockproof sub-division,fit local problems. There is, therefore, no system good water supply and, most important of al], highcommon to all parts of the country, but there are fertility pastures, all of which are limiting on the common basic principles involved and these are hill country.
largely associated with my own experiences. This is the only grazing system generaily believedIn 1975-76 we had 55.3 million sheep and 6.5 worth considering; in theory it has a great deal ofmillion beef cattle in New Zealand of which a large support, but in practice it is not always desirable.proporltion are run on the hill country. The overall Under certain conditions it can have major disadincrease in these livestock since 1963-64 is 10%. vantages, compared with alternative systems.and i1%, respectively (Taylor, 1976). 

Our 
hill country farms are quite large (average 250 haA major contributing factor to this national in- to 2000 ha) and pose many problems for an idealcrease has Imen the development of hill country land, system of rotational grazing. Sub-division is exteiwhich has raised soil fertility and improved pasture sive blut costly, steepness and contour add problems,

production. This has been achieved, principally, by as do water supply and wide variations in soilapplying superphosphate fertilizer, introducing fertility, pasture species, weed problems, and theclovers and higher producing grasses, and by a climatic difference between sunny and dark faces.number of supporting capital improvements such The ideal period for grazing each paddock oras fencing, water supply, access tracks, drainage, sub-area is about three days, rotating around aboutshelt1 r, and the breeding of the extra livestock 20 paddocks, but the length of the cycle is variable,n ele(l. according to growing conditions. In winter andWithin this context, farmer management of hill summer drought areas, the cycle varies from aboutcountry pastures and livestock assisted by scientific 35 days in the north to 60 days in the south, butexpertise has taken on a new dimension to develop the number and variable size of the paddocks createstechniques which will hel l ) farmers maximize pro- real problems, especially when several mobs are toduction efficiency at minimum cost and effort (labor). be rotated on separate blocks. In such cases the periodOne of the most important of these has been to of grazing is often too long and the spelling toointroduce better systems of grazing management short. This can be partly overcome by using one(either new systems or by adapting systems originally mob of livestock and rotating around the whole farmdeveloped for the more intensive flat and easy land (Smith et al.. 1976). During the season it is necessaryto meet the new situation in the hill country). to adjust the grazing cycle, shortening it in fast 
growing periods and lengthening it when growingconditions are poor.


First and foremost, 
we regard pasture its a perma- Set Stocking
nent crop, toi ihe utilized in silu throughout the year;
second, most farmers with developed hill country Efficient set stocking at full pasture control stockfind that they cal rely on grass entirely, including ing rates is a very simple and cheap system ofthe grass pro(lucts of hay and silage, to feed their grassland management. It solves many of the practilivestock. This is a situation which we term "all cal and cost problems of rotational grazing and is 
grass farming." Not all farners can use this system widely used in hill country practice.for various reasons, and in the colder zones and Critics of set stocking see it as a continuous grazingdrought areas it is sometimes necessary to grow system with all the results of lax and selectivesupplementary feed crops, mostly brassicas. grazing, low stocking rates, coarse herbage showing'Ihe three main )eriods throughout the year during tip in poor pasture species and low production. Inwhich systems of grazing management are likely my experience in the system I have called efficientto vary are spring, suimmer-autumun, and winter. In set stocking this does not happen.the spring, grazing management will be predomi- Efficient set stocking under our conditions cannantly set stocking; in the summer-autumn mainly be flexible to give consideration to both pasturesrotational grazing; anti in the winter rotational graz- and livestock-e.g., (a) allows grazing periods whening, set stocking, and some other systems. stock should not be disturbed; (b) the higher produc-Rotational Grazing ing paddocks can be stocked at higher rates; and 

(c) livestock can be fed to equalize bodyweight.There has been iuch research throughotit the Normally, no extra subdivisional fencing is reworld on thel underlying benefits of rotational graz- quired and each paddock (-ian be stocked to itsing. Most of the research indicates that if pastures productive capacity. Controlled set stocked sheepare grazed for a short period and spelled for a long and cattle are more settled, a distinct advantage atperiod, extra feed can be grown and pasture lambing and calving time and for the easy-care typescoinposition improved. )epending on the stocking of sheep now being bred in New Zealand i.e., sheeprate intensity, the main requisites for success are that require the minimum of shepherding. 
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Trial comparisons of rotational grazing vs. set 

stocking are well documented and in the majority

of cases there is no difference except under condi-

tions of high soil fertility and intensive development 

and management (McMeekan, 1960). Also (Suckling,

1956, 1975) found set stocking to be quite practical 

in his research trials on hill country management. 


Seasonal Grazing Management 
Spring. Rotational grazing is not favored in the 

spring from just before lambing and calving until 
weaning. This constant shifting of ewes and lambs, 
cows and calves in large mobs, tends to cause 
mis-mothering, poorer animal growth, pugging (pas-
ture treading) and more labor pressure. Most farmers 
on the hills like to leave their sheep and cattle set 
stocked at this time. Full utilization is seldom diffi-
cult with adequate stocking rates. As the spring 
growth gains momentum it can be controlled by 
shutting off some paddocks for hay and/or silage 
and also by bringing in extra cattle, 

Summer-Autunin. From lamb weaning onwards, 
rotational grazing in various forms is the most 
practical management aid for controlling summer 
surplus growth, seedhead development or reversion 
to lower producing pasture species and helping to 
maintain a leafy, palatable. anti digestible sward. 
This latter is very difficult to achieve either by a 
set stocking system or by continuous grazing, espe
cially on pastures with low-producing species, 
which tend to predominate on hill country. 

Winter. Although we do experience periods of 
severe weather, we do not have to house our livestock 
in the winter, which is one advantage we have in 
keeping our cost of production down. Also. if we 
can rely entirely on grazing pasture plus hay or 
silage, which we call "all grass wintering," this hel-s 
to keep costs down. 

Wintergrazing management is much more critical, 
especially in the far south where the winter lasts 
about 100 days, compared with 60 days or less in 
the north. A slow rotational grazing system for sheep 
and cattle at this time is widely practiced. However. 
in wet and poorly drained areas, hoof tramping 
damage to pastures (Edmond, 1970) can be a severe 
problem with heavy stocking rates, because pastures 
and gateways often become a sea of slurried mud, 
causing stress and temporary starvation to stock. 
This can be partly overcome by speeding up the 
rotation or by set stocking. 

Winter set stocking also is widely and successfully 
practiced by hill country farmers, quite often without 
any supplementary hay feeding, e.g., on oversown 
and top-dressed tussock hill country in South Otago 
in paddocks of approximately 30 ha, six ewes/ha 
plus 0.4 cows/ha are grazed throughout the winter, 
in many cases without supplementary hay. In the 
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North Island many developed hill farms are carrying
 
over 12.5 ewes/ha without hay feeding. Under this
 
system, at adequate stocking rates, we find no evi
dence of selective grazing or overgrazing; finger and
 
thumb grazing 2.5 cm in height is always available
 
and the sheep maintain themselves in a very healthy
 
and fit condition.
 

Block Grazing 
Block grazing (Du Faur, 1972) is a system success

fully used by dairy farmers and can he adapted by 
hill country farns that have some flat or easy sloping, 
well-drained, high fertility pasture that can be used 
for a special purpose, such as wintering young
fattening cattle or young bulls. The block usually 
comprises six paddocks of about 2 ha, with trough 
water laid on. These are sub-divided again, each 
into four further grazing areas with electric fencing, 
making 24 grazing lots. The pasture is spelled in 
the autumn, in order to get a good length of pasture 
ahead. When grazing commences in early winter, 
the cattle are grazed on a one- to two-day per lot 
rotation throughout the winter, supplemented if 
necessary with hay. This system is labor intensive 
and requires good forward planning and extra fertil
ization including nitrogen. 

On and Off Grazing 
This is another successful grazing system, particu

larly for farms not advanced in development and 
fertility. It relies principally on "winter saved pas
lure": Closing off about one-third of the grazing area 
in the late autumn, another third in early winter 
and carrying all the livestock on the remaining third 
until past mid-winter; rotating around the area and 
giving a supplementary ration of hay and/or silage. 
In the latter period of winter, the stock are allowed 
a ration of the saved grass for about one hour per 
day and then put back on to the wintering area. 
Feed can be budgeted to last through the winter 
with excellent results in building tIp the soil fertility 
of the wintering area with heavy concentrations of 
dung anti urine. As development increases with the 
raising of soil fertility and more productive pasture 
this system is usually superseded by rotational graz
ing or set stocking. 
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Comparison of Hay Package Types for Beef Cow
 
Wintering Programs *
 

L. L. Wilson, W. L. Kjelgaard, P. M. Anderson, J. B. Washko, H. Nehrir, L. D. Hoffman, and T. A. Long 
Pennsylvania State University, University Park, Pennsylvania, USA 

Within the past five years, large hay packaging MATERIALS AND METHODS 
systems have become popular with U.S. beef cattle 
producers. Most of the experiences with outside- Trial I 
stored hay packages until recently have been with Four different hay harvesting systems were
the small round bales, weighing approximately 23 compared; conventional rectangular bales, large
kg. lEarly research with these small packages indical- round non-string tied bales, large round string-tied
ed moderate losses in forage quality anc' quantity, bales, and one-ton hay stacks. Machines fcr the four 
if restricted feeding practices were used (Bratzler, methods were obtained, respectively, from New 
1955; Wilson et 4l., 1966). Lechlenberg et al. (1974) Holland, Hawk-Bilt, John Deere, and Hesston com
observed approximately 25%, more forage loss if panies. The hay fields from which the forage was 
feeding gales were not used. Schrock et al. (1975) taken in mid-June (orchardgrass, reed canarygrass,
have summarized power and labor requirements of bromegrass with 50% or less of birdsfoot trefoil)
various hay harvesting systems. However, critical varied in size from 2 to 7 ha. Within each hay field,
trials are lacking on the relative amounts of forage alternate windrows were harvested by each of the 
re(luire d and performance of beef cows wintered on four machines. The rectangular bales were barn
large, outside-stored hay packages compared to con- stored the large bales andand stacks were moved 
ventional, barn-stored rectangular bales. The primary within two weeks after harvesting to a centralized 
objectives of these trials were to determine the outdoors storage area.
 
carrying capacity and performance of several dif- Two stacked corn stalk treatments were included.
 
ferent wintering systems, so that this information One stack treatment involved anhydrous ammonia
 
would be available as a producer considers changing 
 applied during stacking and the other treatment had 
from a conventional hay handling system to a large no chemical applied. A cold-flow ammonia applica
hay package, outside-stored system. Additional in- tion process was usHc! to apply 8.2 kg of N/MT
formation was also obtained to compare harvested of forage dry matter (Horne, 1975). 
corn stalks with hay feeding systems, and on the Sixty April-May calving cows were randomly
effects of clhmical treatment of hay packages. allotted to six lots with stratification on weight, age, 

estimated gestation stage, and initial condition 
(fatness) score. The 131-day trial was initiated in 
late December. A free-choice combination mineral

*Aplproved It,tlit Iirechor (if the! Imensylvania Agriciltural protein supplement (containing biuret, crude protein
Exteriment Station as Ipublication No. 5172 in the journal series, content, was available101%) to all groups.Trad names in this report are for inforialioun only. No discrimi- The large packages were fed individually in threention gainst other anuiiifaturers is intelited, nor is specil sided fence-line feeders, on an open, uncovered 
eiotorsuoiei It% hv eCuillegv (of Agricizltulre, implied. tSupporte'd
inpart ty ia Faiir concrete floor. The cows were confined in open 30.5Iiminsylv Fuins admitnisthd by tfiheImnsyl-

VinI Ieparltownt of Agriculture.) X m lots with woodland wind break
38 a on the 
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southwest. All large hay packages were fed one-at-a- tein) was higher (P1< .05) for barn-stored rectangular
time, ad libitum, with the amount of refused forage bales than for any other types of forage. There was 
accumulaied, weighed, and sampled for moisture no significant difference in ADF-protein among the 
content after each third package was fed. The rec- three types of outside-stored packages, although the 
tangular bales were fed ad libituin for the first and non-tied round bales tended to have a higher percent
last 28-day periods, and on a limited basis from 	 of ADF-protein, which was reflected in the lower 
day 29 through 103 (adlibitumfed cows were gaining available protein content. One possible reason for 
too much weight). Neither cornstalk group received increased ADF-protein in the oitside-stored hales 
supplemental feed until day 103 when an additional is the healing that results from moisture accunmu lal
2.3 kg of alfalfa hay was fed per head daily. Each ing in the large hay package from rains or high
fifth large hay package, within each type. was sam- ambient moisture (Nehrir, unlpb.). Since crude pro
pled with a forage sampler probe. Rectangular bales tein of trea ted cornstalks was 1.1';, greater than in 
were sampled on each seventh day of feeding. untreated cornstalks, only 20.5% of the added nitro-
Trial 11 gen was retained. ADF-protein averaged 0.9 and 

1.6% for cornstalks with and without anhydrous
The first cutting of an alfalfa crop was harvestcd ammonia, respectively. Available protein content of 

as rectangular bales (New Holland), round haIes amnonia-treated cornstalk stacks was only 0.4% 
(John Deere), and one-ton stacks (Flesston). The crop greater than innon-treated cornstalk stacks. 
was cut at an early bloom stage. conditioned, and Mean subjective quality scores were significantly
left in a swath. Moisture content was obtained each different for rectangular hales, hay stacks anld corn
0.5 hr until in the 35-40% range. An 80% propionic stalk stacks (Table 2). lowever, quality scores for 
acid, 20% ac;etic acid mixture (Celanese Chemical either type of large round hay bale were less (P
Co.) was diluted with water in a 50:50 ratio and < .05) than mean scores for rectangular bales or 
applied at the rate of 1% active chemical per ton ammonia-treated cornstalk stacks. Quality score pri
of raked haN. The chemical was applied to the marily reflects discoloration and mold. Also present
windrow during raking. The nontreated hay was ed in Table 2 are the amounts of dry matter offered, 
field-cured and baled at 20% moisture. Equal refused, and consumed (obtained by difference), and 
quantities of the hay were baled through each pack- the relative percent of (Iry matter offered with rec
aging machine. tangular bales equaling 100%. The completeness 
RESULTS AND DISCUSSION with which refused hay was recovered and measured 

is questionable, because hay pulled out of the racks 
Trial I 	 and trampled was not entirely recoverable. Ilowever, 

these results indicate that 20% more hay lry matterRectangular bales averaged less (P< .05) for acid is required for hay stacks, 32% more for non-tied 
detergent fiber (ADF) than any other forage (Table round bales, and 21 % more for string-tied round 
1). However, there were significant differences in 	 bales compared to the amount of hay required in 
ADF percentage among the three different types of a rectangular, barn-stored bahe system. A larger
outside-stored large hay packages. Crude protein of proportion of the large hay packages had deteriorated 
the four types of hay packages were not different, to the extent that the cows refused more of the forage. 
except in comparison of rectangular bales vs. non- This greater refusal required that more total forage
tied round bales (P > .05). Available protein (calcu- (Irv weight be offered. 
lated by substracting ADF-protein from crude pro- Cows receiving rectangular or tied round bales 

were (P < .01) fatter at the end of the trial than 
TABLE 1. Chemical analyses of forages' were cows receiving cornstalks (Table 3). However, 

there was no significant difference in the mean 
Crude ADF Available condit, n scores of cows receiving outside-stored 

Item ADF Protein Protein Protein large hay packages. Laclating cows receiving rec
tangular hay bales essentially maintained their own 

Percent weight through the trial, gaining an average of 9.5'
Rect. bales 37,3" 12.9 1.8" 11.1" 	 kg. Groups fed non-tied roundt bales or either of 
[lay stacks 38.9 11.9' 2.7" 9.2' 	 the two cornstalk treatments lost more (P < .01)

'j
Loose rounds 39.9' 11.0' 3.1 7.9 weight than any other group. The ranking of pregnant
ned rounds 39.2' 11.31" 2.8" 8.5'"A and lactating cows by treatments was essentially
Cornstalks 54.1' 5.1' 0.9" 4.2' the same. These results indicate that although cows 
Cornstalks + NH:, 54.2" 6.2" 1.6'" 4.6' were fed the outside-stored non-ltie(l round hales 
'Dry matter basis. 	 antd cornstalk treatments ad libiumn, their perform'""Means in same column with different superscripts were ance was appreciably less than performance of cows 

significantly different (P< .05). fed rectangular bales on a restricted basis. 
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TABLE 2. Means from feeding trial' 

Quality D.M. Offered D.M. Refused D.M. Consumed D.M. OfferedItem D.M. Score" (head/day) (head/day) (head/lay) (%) 

Rect. hales 84 6.8' 10. 6 1.7 8.9 100I lay slacks 78 5.8" 12.8 3.1 9.6 120Loose rounds 71 4.5" 14.1 3.7 10.4 132'Tied rounds 75 4.2 12.9 3.1 9.8 121Corostalks 76 5.7'" 17.7 6.8 10.9 167Cornstalks ± NIl., 80 6.8' 18.2 6.7 11.5 171 

"I.M. hasis; 10 cows/treatment.
 
"'Ilgherscore equoalIs h'gher quality (range I to 10).

' "Means 
 in same columrn with different superscripts were significantly different (P < .05); only quality score subjected to analysis.
'Rilitangular bales assigned Value of 100%. 

TABLE 3. Means from feeding trial Calves born to these cows near the end of the 
wintering trial were maintained with the cows on 

No. Condition Weight Change' pasture throughout the grazing season. Mean 205-Item ,Covs" Score" lregnant Lactating day calf weight was not significantly affected by
the wintering treatment. 

Re:t. bales 11) 12.6'' +511 6' 9.5" Trial II 
I ly stacks 10 10.' +-31.3' -33.1'
 
Loose rounds I.0 10.4 " -36 -4-
 A summary of the measured losses for non-treatedTied rounls 9 11.4"" +21.8" - 34.0" and treated rectangular bales (barn-stored) andCornstalks 9.9' 4-4.5' -76.3' string-tied round bales and stacks (outside-stored)Cornstalks .- Nil, 10 9.8 +4.5' -114.0' is presented in Table 4. Field loss before baling was 

'Two cows in the cornstalk treatment and one cow in the the difference between standing yield and windrowtied rool bal: expir d after calving in April period of inclement
wedal her. yield at the time of bifling. There was a 6.1 (', greater

field loss for non-treated hay, primarily because of"Iligher score equals more fatness (range 1 o 17). increased exposure through field curing (Table 4).' Within each group approximately half of the cows had calved. Baling losses were obtained by yield in the windrow""'Means in same column with different superscripts were compared with the amount of hay actually packaged,significantly different (P < .01). and were similar for non-treated and treated rec
tangular bales and round bales, although a 6.6%Two cows in the non-treated cornstalk treatment greater loss was obtained with non-treated stacks.and one cow in the tied round bale treatment died There also was a greater difference in storage losseswithin ten days after calving, during a period of for stacks than for round or rectangular bales. Feedextremely low temperatures, high winds, and snow. ing losses for treated hay ranged from 0.4%";, forPerformance of these cows to time of death was rectangular bales to 5.5% for the large hay packages,included in the mean final performance (Table 3). and for non-tieated hay 5.2% for the rectangularThe cows that died were generally the poorest bales to 19.3% for 
 the stacks. Chemical treatment


performing cows within their respective lots. reduced total dry matter losses by 14.9, 17.7, and
 

TABLE 4. Effects of chemical treatment and package type on dry matter losses' 

Reef. Hales Round Bales Slacks 
[tIII None Chemical Nmne Chemical None Chemical 

fPercontField loss 1:1.2 7.1 13.2 7.1 13.2 7.1II.M I. a ling 8:1.t0 72.11 114.0 75.5 115.0 72.6Ilaliig hIsses :1.5 2.6 10.2 9.1 13.4 6,8Sloragv' lossis 7,11 4.11 11.7 10.1 16.6 11.3FI'ev uig losses 5.2 0.4 14.i 5.5 116.3 5.5Total losses 29.7 14.11 49.4 31.7 59.5 30.6 

"Reclangular hales stored inside; round hales and stacks stored outside. 
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TABLE 5. Results of brood cow trial' 

Item 
Field 

Cu red 

Rect. Bales 

Chem. 
Trt. 

Field 
Cured 

Round lales 

Chem. 
Tr. 

Stacks 

Fiel 
Cured 

Chem. 
Tr. 

Mt. gain (kg) 35.3" 30.3' 34.4 h 
32.5'D.M. consumed/offered 94.6 99.4 115.5 93.5

Kg hay/kg gain 25.7 27.7 32.4 30.5 

'18-day acceptability trial; rectangular bales stored inside: round hales and stacks stored outside,
":Means in same row with different superscripts were significantly different (P < .05). 

21.3' 
114.7 
40.4 

:17.7 
94.3 

32.1 

28.9% for rectangular bales, round bales, and hay
stacks, respectively. There were no significant dif-ferences in ADF, crude protein, ADF-protein, or
available protein; thus these results are not present-
ed. One reason for the lesser importance of package 
type differences on chemical analyses than observed 
in Trial 1, was that hard rains occurred soon after 
baling Trial I hay. and because Trial II feeding study 
was conducted three months before the Trial I study,
thereby reducing the weathering time of hay used 
in Trial II. 

Weight gain within the rectangular and round bale 
groups was less (P < .05) for chemically-treted than 
for non-treated groups (Table 5). However, within
hay stack groups, cows fed chemically-treated hay
gained significantly more (P < .05) than cows re-
ceiving non-treated hay. The percent of hay offered 
that was actually consumed favored the chemically-
treated hay. This trial was of short duration, and 
the results are preliminary. However, particularly
with regard to field loss, baling loss, feeding loss,
and amount of hay required per unit of weight gain,
chemical treatment appears to have definite possi-
bilities. Perhaps the most important parameter from 
this trial is that approximately 30% of the standing
forage was lost in hirvesting, storing, and feeding
rectangular bales, which was the least wasteful 
non-treated system tested. 
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DISCUSSION 

Unidentified. Can you explain why the protein was 
consistently lower in the loose round bales? 
Wilson. This was probably due to leaching of nu
trients. Crude protein content would include that 
part of the protein which was made unavailable by
heating or molding, and so this is not a loss factor.
F. P. Horn (Oklahoma, USA). We tried to use anhy
drous ammonia in some of our work and found this 
to be a serious health hazard. Has this been a 
problem? 

Wilson. This has been a problem and needs to be
watched carefully. Hlowever, last year in Pennsyl
vania we had about 90 farmers applying anhydrous
ammonia to corn silage under a USDA-supervisedprogram and had no trouble. Of course, that's a 
different situation than having a field applicationsuch as we were using with the flail one-ton stacker. 
Unidentified. You might comment that the ammonia 
was applied through the cold flow system andI the 

p i e th rugh h e sed ow a pors. 
p s questioner may have used amtonia vapors.Wilson. Yes. The cold flow system appears Io he
safer than other types of application. 
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Synchronized Estrus and Use of Artificial Insemination in
 
Small Herds of Beef Cattle* 
J. B. Peters, J. A. Welch, A. L. Barr, and E. K. Inskeep 
West Virginia University, Morgantown, West Virginia, USA 

The caltle industry of the United States is currently

involved in an extremely tight cost-price squeeze.

Available evidence indicates that costs are going
to continue increase and returnsto that are going

to fluctuate. These fluctuations have been extremely

wide over the past few years and are expected to
continue. Under such economic conditions, owners 

of small beef herds (the average herd size in the 

U.S. is less than 20 cows) have particularly high

relative risks, especially on marginal hill lands. The

only protection a )roducer using a cow-calf system

has against the cost-price squeeze is improveto 
management and to use an improved breeding pro-
grain, ained at higher weights of calf produced per 
cow bred. 


A successful program 
 of artificial insemination 

(Al) must always include careful management. With 

a well-planned Al program, better breeding stock
 can be secured to improve the breeding program.

Through the efficient use of Al, heavier calves 
 at
weaning time resultwill and gross return will be 
improved. Also, heifers of greater genetic merit willbe available for replacement purposes.

The object of this paper is to evaluate the use 
of exogenous prostaglandin F., (PGF.,,) as a toolfor operating an Al program with synchronization
of estrus and to evaluate the economics of using
Al versus conventional breeding in efforts to improve
production in small herds of commercial beef cattle. 
PG F., is a naturally occurring lteolysin in carth 
and is produced by the uterine endometriuim (H-amnsel 
et al., 1976). 

PGF,, has been used over the threepast years
in field trials in West Virginia under various man
agement conditions. In these trials, additional treatment with estradiol benzoate as a means to synchro-
nize release of LI-I and increase theof has also precision ofsynchronization estrus been evaluated, 
Bsnchonizteirest of hesetrhitalso benhronzatin' B~asedl on the resuilts of these trials, syn1chronizatlollof estrus, using PGF., and estradiol benzoate,tool that can make it feasible for beef cattlemenistoa 
tool tat he real question be askedto concerning
its!' !r ladin to be aske orntthe use f rostagland in and Al is whet her or not 

'Published with the approval of the Direclor of the West Virginia
Agriculttura and Forestry Ixperiment Station as Scientific PaperNo, 1452. 

improved calf weights and quality can more than 
offset the increased costs incurred. 

SYNCHRONIZATION OF ESTRUS WITH PGF2. 
A summary of estrous response obtained during

three years of West Virginia studies using PGF 2,.
with and without estrogen (both ad. iinistered intra
muscularly) is found in Table 1. These data are 
summarized over numbera of different treatment 
regimens, each designed to test a particular area
of interest concerning response to PGF.,,. No signifi
cant differences between treatmentthe sequences 
were observed, therefore the data pooled over all 
treatments are presented. PGF,, injections, followed 
by estradiol benzoate at 40 to 48 hours, consistently
resulted in a higher percentage of treated animals 
showing estrus than was seen with PGF,, alone. 

TABLE 1. Overall estrous response to PGF 2,, 
a

with and without estradiol benzoate 

N u------Percent 
Status Tr,:aiment Treated In estrus Inestrus 

Lictating cows No. EB 248 166 67
 
E,1 190 171 90"
 

Heifers No E2 , 85 65 76
 
E,B 
 82 75 91" 

Dry cows No E.B 1618 89 
E.B 1415 93
 

'400 mg IM 40-48 hrs after PGF.,,.
 
'P< .05 compared to no E.,B.
 

Conception and pregnancy rates are reported in
Table 2 for te t reatment sequence upon which theeconomic analyses to be presented here are based. 
The recommended treatment consists of two injec
tinso prostaglandin
tions ofLp 10 to 12 days art(Cooper,
1974; r ale, 1 0 to 2et apart (oo e dLauderdale, 1975: Hafs et al., 1976) followed 
40 to 48 hr later by 400 mg estradiol benzoate (Welchet l., 1975; Peters et al., 1976). Conception rateis defined as the percentage of cows exhibiting estrus 

that delivered a calf from Al: pregnancy rate as the 
percentage of treated cows that delivered an Al calf.
Conception rates varied from 44 to 50% and pregnancy rates from 34 to 45% in these trials. In general, 
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TABLE 2. Effects of number of treatments with 
PGF2,, and of estradiol benzoate on

synchronization of estrus in beef cows and 
heifers 

Rate (%) of 
Number of Syn- Con-Treatments Estradiol No. of chroni- cep- Preg-
with PGF., Benzoate? Animals zation lion nancy 

1 No 144 75 46 34 
92 ' Yes 101 49 45 

2' No 190 67 50 34 
Yes 169 89 44 38 

"Twelve days apart. 
'P < .05 compared to no estradiol benzoate. 

pregnancy rates for estrogen-treated animals exceed-
ed those for non-estrogen treated animals (45 versus 
34 % and 38 versus 34 % for one and two prostaglan-
din injections, respectively). This was clue to the 
fact that more estrogen-treated animals exhibited 
estrus during the target period. These data werebased on only one insemination. Some of the herds 
in these treatments yielded pregnancy rates as high 
as 100% while others were as low as 0%. Thesedifferences reflect the large differences in overall 
management ability of the cooperating farmers. 

COSTS 
The bull costs for producing a calf in three different 


herd sizes, 10, 20, and 30 cows, are estimated in
Tables 3, 4, and 5. The figures used to calculate 

bull costs for natural service (Table 3) were derived
from the average sale prices of performance-tested

bulls and the average of the top 10% of these bulls 

at the Wardensville, West Virginia, Bull Test facility

for the years 1972-76.' Included in the total bull 

costs were the costs for maintaining the bull. The 

cost items included were comparable to recently

published figures (Singleton and Petritz, 1976; Her-

rick, 1976) as were the results obtained (Table 5.). 

Herrick quoted figures from Daryl Strohbein of Iowa

State University, who calculated that an average bull 

(initial cost $750) 
cost $12.03 per cow serviced in 
a 30-cow herd while a superior bull (initial cost
$1,200) cost $18.20 per cow serviced. Singleton
and Petritz (1976) presented an annual cost of 
$413.50 for owning a bull which cost $1,000 initial
ly. For a 30-cow herd the cost per cow would be
$13.78 compared to $16.11 for average bulls in the 
present studv. 

The estimated breeding costs involved in thecontrol of estrus and ovulation with PGF2,, and 

'Data courtesy of B. W. Wamsley, Ir., West Virginia University 
Livestock Extension Specialisl. 
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TABLE 3. Total annual costs of ownership 
of average and superior

performance-tested bulls 

Top 10"/
Item Average bull of Btulls 

Depreciation $147.00" $210.00" 
Interest at 8% 53.04 100.88 
Hay 165.00 W(55.00 
Pasture 24.00 24.00 
Minerals 1.25 1.25 
Veterinary anti medical 12.00 12.0(0 
Corral, housing 25.01 25.00 
Purchase expenses 20.00 20.0oInsurance 10.00 15.t0(
Labor 25.00 25.00 
Taxes 1.00 1.0 

Total $483.29 $670.13 
*Based on the average price of performance-tested bulls at the 

Wardensville, W.Va., performance-tested bull auction for the five 
years, 1972-76 ($885.00) and a salvage value of $500.00 after 
use of the bull for three years.

Based on the average price of the top 1(,, of performanue.tested
bulls at Wardensville for the five years, 1972-76 ($1,Oitl.00) and 
a salvage value of S80t..00 after three years. 

TABLE 4. Breeding costs per calf raised from an 
Alprogramusing PGF,, d 

Ficrst Sini ah 
Con:eptim Rol 

Item 4(1: 6(0% 

Services per conception .ltl" 1.65" 
Semen cost @ $6.00 per unit ($) 11.211 9.90 
Technician cost per service (S) 6.10 6.00 
Total technician cost (s) 11.211 9.90 
Labor cost per calf (s) 

Cows/herd 102 .2 
20 5.29 .41 
30 3.53 2.914 

ath n,t2.
 
"Drug ost not included as wetis the mrket.
cotP115"!,ht o 

Assuming 
an (5% calf crop with two iosefmimdti(us oely. 

TABLE5. Bullcosts percow($) 

Natural Mating Al 
Average Top 10r, 4(1%" w.0% 

Herd Size Bull Bull 

10 48.32 67.01 27.92 24.1:1 
20 24.1 t33.50 2:3.67 210.511
30 16.11 22.34 22.18 19.33
 

"Conception to first service.
 

http:1,Oitl.00
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TABLE 6. Production and income data per 100 cows 

Item 

No. calves raised 

Ilifus to sell 

Shcers to sell 

Avg. wt. heifers sold (kg) 

Avg. wt. steors sold (kg) 

Prhice (f hifers" 

IPrii:v of siris" 

V u of heifers 

Value (isth-rs 

Total value-calves 


Cull cows Sold 

W,./cow (kg) 

P'ri;ce of cull cows" 

Value of :ull cows 


tlI valu 


Gross return/tow 

Natural Mating 
Average Bulls Top Bulls Al 

Straighlbrmd Crossbred Straighlbred Crossbred Straightbred Crossbred 

92 
 92 92 
 92 85 85
31 31 :31 31 
 24 
 24
46 46 46 
 46 
 42 


176 199 190 
42 

212 194 217
189 212 
 203 
 225 
 207

$ 55.56 $ 57.23 $ 57.20 

230 
$ 60.71 $ 57.36 $ 60.58$ 77.22 $ 81.50 $ 79.27 $ 83.50 $ 81.69 $ 83.77$ 3,031.05 $ 3,530,28 $ 3,369.08 $ 3,989.70 $ 2,670.72 $ 3,154.80$ 6,713.70 $ 7,948.34 $ 7,402.32 $ 8,641.84 

$ 9,744.75 $11,478.62 $10,771.40 $12,631.54 
12 12 12 
 12 


454 
 454 
 454 
 454 

$ 55.06 $ 55.06 $ 55.06 $ 55.06 
$ 3,000.00 $ 3,003.0( $ 3,000.00 S 3,000.00 
$12,744.75 $14,478.62 $13,771.40 $15,631.54
$ 127.45 $ 144.79 $ 1:37.71 $ 156.:32 

'llIasod on average 1975 prices per hundred kg. for these weights of calves at West Virginia
(If 1. . Eim(:h, West Virginia University Extnsion Livestock Specialist. 

$ 7,101.73 $ 8,091.72 
$ 9,772.50 $11,246.52 

15 15
 
454 
 454
 

$ 55.06 $ 55.06 
$ :3,750.00 $ 3,750.00 
$13,522.50 $14,996.52 
$ 135.22 $ 149.97 

Feeder Calf Sales; data courtesy 

iPricroer hundred kg. 

tstradiol benzoate and utilization of Al are presented
in,Table 4. These costs were calculated for a first
service pregnancy rate of either 40% or 60% and
adjusted for a total cai, crop of 85%. The assumption 
was made that with services at two estrous periods
in the herd, whether first service conception rate 
was 40 or 60%, an 85 % calf crop would be expected.
These estimates assume adequate management
conditions for a good Al program. Al is not apt
to be economical at any cost if a calf crop of at
least 85% cannot be attained. With a West Virginia 
average calf crop in 1975 of 8% the average beef 
cow (:ost the farmer an estimated 58% more than
she earned (Emch and Wamsley, 1976).

Bull costs per cow with both natural service and 
Al are summarized in Table 5. From these estimates
alone, A! woull be the most economical method
of breeding in the 10-cow herd and, if first service 
conception were at least 60%, in the 20-cow herd 
as well. At this point, only costs have been taken
into accoun(t and production differences due to sizeof calf crop, increased weaning weight of calves, 
or improved quality in heifer calves have not been
considered. These estimates do not include any drug
c:osts for the IPGF.,,, or estrad iol benzoate. On this 
same bull (:ost basis, Al would be more economical 
in all three herd sizes than using a bull from the 
top 10% of the performance-tested bulls,


Gross returns per cow in a herd of 100 cows 
are
estimalted in Table 6. Prices utilized for calculating
returns were averages of prices received by farmers 

at West Virginia feeder calf sales in 1975. Calf
weights utilized in calculating returns were based 
on (1) 1975 state averages, (2) the use of bulls
currently available in Al studs for Al and the desig
nated performance-tested bulls for natural mating,
and (3) average performance differences obtained
in Al and crossbreeding programs on farms in the
Allegheny Highlands Project over the four-year
period, 1972-75. A 92% calf crop for natural service
and an 85% calf crop from Al were assumed. Using
these estimates and the bull costs per cow, economic 
comparisons of Al and natural mating are made in
Table 7. These estimates of returns do not consider
the higher value of replacement heifers produced
by Al. This value has been estimated to be from 
$15 per head (Singleton and Petritz, 1976) to as
much as $26.40 per head (Herrick, 1976). Certainly
it will vary considerably among the bulls used in 
either Al or natural service. 

DISCUSSION 
Economically, Al is advantageous or at least feasi

ble in 10- and 20-cow herds only as long as the 
cost of PGF.,, does not exceed $3.48 when a 40%
:onception rate to crossbreeding is obtained. In a

crossbreeding program, Al has an advantage because 
of the availability of semen from bulls of any breed
chosen to be used in the program. In 30-cow herds
the best breeding system, based on the economic
predictions in this study, is cross-breeding with
natural service to an average performance-tested bull. 

633
 

http:14,996.52
http:13,522.50
http:3,750.00
http:3,750.00
http:11,246.52
http:9,772.50
http:8,091.72
http:7,101.73
http:15,631.54
http:13,771.40
http:14,478.62
http:12,744.75
http:3,000.00
http:3,000.00
http:3,000.00
http:12,631.54
http:10,771.40
http:11,478.62
http:9,744.75
http:8,641.84
http:7,402.32
http:7,948.34
http:6,713.70
http:3,154.80
http:2,670.72
http:3,989.70
http:3,369.08
http:3,031.05


SYNCHRONIZED ESTRUS AND ARTIFICIAL INSEMINATION 

TABLE 7. Gross return ($) per cow minus bull cost for each kind of mating and breeding system
in 10-, 20- and 30-cow herds and advantage for Al ($) over most economic natural mating 

Variable 

Mating system" S 
Gross return less bull cost 

Natural mating
Average bull 79.13 
Top bull 70.70 

Artificial insemination 
40%- 107.30 
60%' 110.39 

Advantage of Al over brst natural mating system
40%" 28.17 
60 %" 31.26 

'S = straightbred, C = crossbred. 
"Conception rates. 

However, with this method there are problems with 
maintaining a breeding system. For example, re-
placement heifers of a particular breed er cross may 
be difficult to purchase and costs may be increased, 
Utilizing one bull to produce replacement heifers 
and another bull to complete the crossbreeding 
system would increase costs to the point that Al 
would again become the more economical method 
of bredding. 

Ifthe increased value of $15 per replacement heifer 


from Al (Singleton and Petritz, 1976) were included 

in these estimates, natural mating to an average bull 
could not be justified economically in any of the 
herd sizes studied. From a practical standpoint, 
however, if herd management is poor, then Al cannot 
be recommended! 

With good herd management conditions, an Al 
program can be economically justified. The use of 
a synchronization program with PGF..,, alleviates 
some of the labor cost of Al in beef cattle on pasture, 

cost which has been excessive inthe past,especially 
in hill country, Under better management conditions, 
conception rates are improved, calf crop percentage 
is improved, and Al can provide many advantages
in addition to direct economic ones. Al programs 
should improve overall management of the herd, 
because the cows must be observed more closely
and more often by the producer. 

The data presented have been based on averages 
for each input and output factor. No consideration 
has been given to improvements over time as a result 
of experience with an Al program or selection for 
conception rate to first service (Inskeep et al., 1961). 

Ihlerd Size 

10 	 20 30 

C S C S C 

96.47 103.29 120.63 111.34 121.61 
89.31 104.27 122.02 115.37 133.910 

122.05 111.55 126.30 113.04 127.79 
125.14 114.64 	 115.89129.39 	 130.64 

25.58 7.34 3.48 -2.33 -6.19 
28.67 10.43 6.57 0.52 - 3.34 

If top-performing bulls were selected and a well-de
signed crossbreeding system were used in an Al 
program, then the economic advantages could be 
enhanced.
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DISCUSSION 

L. Ainsworth (Ottawa, Canada). What was the targetperiod that you used for establishing the percentage 
of cows in estrus? 
Peters. Prostaglandin F., injected on day 0, followed
by estradiol benzoate 40-48 hours later. The average
time for animals coming back in heat is 66-67 hours
after PGF.,,. We check heat over a period of 3-5
lay, depending on the particular experiment, but

the target period for the data reported was 54 to84 hours after PGF.," 
Ainsworth. You said that your pregnancy diagnosis
or conception rates were 38-44% to the synchronized
estrus, and you made a statement of 85%, total 
conception rate a follow-up breeding at second 

110. 

estrus. Is that what you expected or what you actually 
achieved? 
Peters. That is what we expected. We have bred 
at the second heat in only one herd. In that herdtotal conception after two heat periods was 88%.There are reports in the literature indicating that 
type of response. In this project the results will vary
greatly and will depend a great deal on the type
of management. With poor management, we may
examine 100 cows and find only 20 cycling; so in some herds we may get pregnancy rates near 0%. 
In other herds, with good management, we may get
a high percentage of cows cycling and 80-100%
first service conception rate. Management is the key
to Al programs. 

Incidence and Methods of Preventing Grass Tetany*
 
W. H. Smith, J. R.Hodges, and V. L. Lechtenberg 
Purdue University, West Lafayette, Indiana, USA 

Grass tetany is a common problem in many areasthroughout the world. It is an old problem resulting
pimarily from inadequate magnesium in older, lac-
tating beef cows. The term "grass tetany" is cor-
monly Used to characterize the syndrome because 
a high percentage of the incidence occurs on short 
green grassto luring the transition period from winterspring feeding. It appears that the incidence is 
higher on improved hill land 
higher o iproed hillnd,levels of feilizer applied. 

pastures with 
pachoice 

high 

OBjECTIVES 
1. To determine the incidence of grass tetany

under a 'onventional management system.
2. To evaluate methods of supplying supple-

mental magnesium. 

PROCEDURE 


Four experiments (1973-74- 75-76) were condu,:t-
ed using a combination of Angus, Milking Shorthorn,
Holstein-Angus crossbreds, and crossbred heifers
(C x A, C x MS-A, A x H). The cows ranged
age from 6 to 12 years. The heifers averaged 12 

in 

months of age when blood samples were taken. 

*Iournal I'1air No. 63681, uIrdhuC tUnive'rsiti. Agrictiltural .xtvri. 
nerit Station, West Iafayette, Indiana. 
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Experiment 1 
This study was divided into four phases.
Phase 1: Fifty-six dry pregnant beef cows (19

Milking Shorthorn and 37 Angus ranging in age
from 5 to 10 years) were in one group grazing on
aftermath [(fescue Festuca arundinacea Schreb.), or
fterah (fecueFsA f c.), orl(Jrtachardgrass (Dad~i's glornerta L.), and clover (Trifo-

Jium sp.)] from 9/28/73 through 1/30/74. Free(FC) mineral containing 14% magnesiumoxide was provided and mixed grass-clover hay was 

fed when needed. 
Phase 2: On 1/30/74, cows were weighed andallotted within breed and age groups into two groups.

Both had access to some pasture, ad Jib hay (mixed
grass-clover), and protein blocks. Group 1 was fed 
an additional 2.2 kg of ground ear corn daily per 
cow. Phase 2 was terminated on 3/28/74.

Phase 3: At the end of phase 2, each cow wasweighed, urine samples collected, and blood samples
drawn. Blood serum was analyzed for magnesium,
and cows within each previous treatment were allot
ted on the basis of serum magnesium levels into
four groups. On 4/4/74 the following treatments 
were assigned to the groups: Group 1-hay and FC 
mineral without supplemental magnesium; Group
2- hay, protein blocks containing 2.5% Mg and FC 
mineral without magnesium; Group 3-hay, 2.2 kg 
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ground ear corn plus 56 g of magnesium oxide and 
FC minerals without magnesium; and Group 4-hay 
and FC mineral consisting of equal parts corn, 
magnesium oxide, trace mineralized (TM) salt, and 
bonemeal. Phase 3 was terminated on 4/25/75. 

Phase 4: All treatment groups in phase 3 were 
combined into one group on 4/25 and grazed on 
pasture (grass-clover mixture) through 5/15/75. A 
free-choice mineral mixture was provided consisting 
of equal parts corn, magnesium oxide, TM salt, and 
bonemeal. 

Each cow was weighed and blood and urine 
samples taken on 11/21/73,1/30,3/28,4/11,4/25, 
and 5/15/74. The blood serum was analyzed for 
Ca, P, Mg, K, and Zn. Urine was analyzed for 
creatinine and magnesium. 

Experiment 2 
Crossbred heifers weaned on 9/28 were fed 2.7 

kg of ground ear corn on pasture. On 12/27/73, 
the heifers were allotted on the basis of weight within 
breed into three groups of 41 each. The treatments 
assigned Iwere as follows: Group I-pasture after-
math, hay, and FC mineral containing 14% magnesi-
um oxide; Group 2-same as group 1 plus 1.3 kg 
of ground ear corn per head daily; and Group 
3-same as group 1 plus 2.7 kg of ground ear corn 
per head daily. These heifers were continued on 
these treatments through 4/15/74. Liveweights were 
taken on 12/27/73 and 4/15/75. Blood samples 
were taken from 15 heifers from each group on 
3/26/74. Blood serum was analyzed for Mg, P, Ca, 
K, and Zn. 

Experiment 3 

Forty-eight dry pregnant beef cows (34 Angus, 
9 Milking Shorthorn, and 6 crossbreds- 1 /4 Holstein 
x 14 Red Dane x 12 Angus) were allotted within 
breed and age into three groups of 16 cows each. 
The treatments assigned to each group were as 
follows: Group 1-negative control, no supplemental 
magnesium; Group 2-free-choice mineral consist
ing of equal parts TM salt, bonemeal, magnesium 
oxide, and ground corn; and Group 3-liqui(l urea 
supplement (National Molasses Mol-Mix 32-003) in 
a lick tank. Each group of cows was assigned to 
a pasture paddock of approximately 10 ha. The 
pasture mixture consisted of fescue, orchardgrass, 
and clover, 

The study started on 12/4/74 and continueI 
through 5/15/75. Hay was fed when needed (luring 
the gestation period. The 60-day calving period 
started on 2/15. During the lactation period hay, 
ground ear corn, and proteia blocks without magne-
sium were fed ad lib, 2.2 kg/day and ad lib respec-
tively. The liquid supplement consumption for group 
3 was measured weekly. Each cow was weighed 
and blood sample taken and urine sample colected 

on 12/4/74, 1/30, 3/6, 3/27, 4/10, 4/24, and 
5/15/75. The blood serum was analyzed for Mg, 
Ca, K, P, and Zn. The p1, magnesium, and creatinine 
values were determined on the urine. 
Ex 

periment 4 
A total of 55 cows (31 Angus, 3 Shorthorn and 

21 Angus x Shorthorn) was divided within breed 
into three groups. Each group was assigned to a 
10 ha pasture (grass-clover mixture). These cows 
were maintained in these pastures from 12/2/75 
through 4/27/76. During the Pregnant, nonlactating 
period (12/2/75-2/3/76), the cows in all three 
groups had access to the pasture grass aftermath 
aid FC mineral mixtures which were the treatments 
tested. Beginning on 2/3/76 Protein blocks (Farm
er's Friend, 37',;, protein) and big hale hay were 
provided to all three groups ad lihitnmi. Ground ear 
corn (2.2 kg) was fed per head per day in all groups 
beginning on 3/2/76. 

The treatments were as follows: 
Group 1-Negative control, mineral mixture of 2 

parts bonemeal and 1 part trace-miner
alized salt; 

Group 2-2 parts bonemeal, 1 part MgO, and 1 
part trace-mineralized salt; 

Group 3-1 part bonqmeal, 1 part MgO, 1 part 
trace-mineralized salt, and 1 part 
ground ear corn. 

"he cows w,re weighed and blood samples taken 
on 12/2/75, 2 '3, 3/2, 4/1, and 4/27/76. The blood 
serum was anlyzed for Mg, Ca, P, K and Zn. 

The cows showing signs of grass tetany were 
treated with the following solution: CAL-D-MA; 
(Pfizer), and the solution contained 23% calcium 
gluconate, 25% dextrose, 4.5% magnesium oxide, 
and 1.0% phosphorus. 

The magnesium cmntent of the feedsluffs used is 
present(d in Table 1. 

RESULTS AND DISCUSSION 

The results of experiment 1 by phases are given 
in Tables 2, 3, 4 and 5. A significant drop in serum 
magnesium (Table 2) occ:urred from 11/11 to 1/31 
(2.03 vs 1.75 mg'%). The level continued to decline 
through 3/28 to a level of 1.05 mg% (average of 
the high and low energy groups). Supplemental corn 
had only slight effect on blood magnesium level 
(Table 3). No inciden(:e of grass tetany oc(:urred 
during the first phase. Ilowever, (luring phase 2 
(1/30-3/28), two cows receiving high energy (2.2 
kg corn) and four cows receiving the low energy 
diet showed signs of grass tetany (Table 3). 

The urine magnesium level decreased markedly 
(0.519 to 0.027 mg/mg creatinine) and remained 
at a low level through phase 2. The data indicale 
that the magnesium levels in the ration ingredients 
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TABLE 1. Magnesium content of feeds 
for Experiments 1, 2, 3, and 4, 1973-76 

(dry matter basis) 

lcvil Magnesium (') 

Experiment 1, 1973-74l liy (graiss-cIuvr) 0.10(;roiiiiiil r, 0or0.0

Protein hh:ks with Mg 2.05
Protein blocks wilhoul Mg 0:36

Experiment 2, 1973-74 

Il'Iy (grass-clovr)E 0.09 
Ground ear corn 0.05 


Experiment 3, 1974-75 
Ily (grlls.chler) 

(a) sampled. 12/12/74 0.18 
(h) simpled. :/27/74 0.14 


(round er corn 
 0.10 
Prohtin blricJks 0.34'rr,u:i
miilralizlvd salt 0.006 

ltIiIii.iiIl 0.31 

Experiment 4, 1975-76 
fay (grass-clovr) 0.01 
(;round edr corn 0.09 

Protein block 
 1.50 

TABLE 2. Serum electrolytes and urine 
magesumEpeim 17 Pslight 
9/28/73-1/31 /74 

Srumn Eh:lerolytes 
(Ing" Urine Mg 


BlIeiling Ni," G' P" K mg/mg Creatinine 

Inii,A, 11/21'1/73 2.13 Iti.1ll6 23.0 0.519 

Findl. 1/31/74 1.75 12.3 5.5 21.9 
 0.027 
"Mean vati.s are significantly different (p < .05). 

were not adequate to maintain normal magnesium
blood values. 

During the repletion phase (4/4 to 4/25, phase
3), the feeding of 2.2 kg of ground ear corn plus
56 g of MgO per head per day was the most effective 
method in elevating the serum magnesium above 
2 ng% within a three-week period after the cows 
had been depleted (Table 4). The feeding of FC 
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TABLE 4. Serum and urine magnesium,

Experiment 1, Phase 3, 3/28/74-4/25/74,
 

28 days
 

Blood Sampling Date 

Treatment 3/28/74 4/11/74 4/25/74 

Serum Magnesium (mg%)
1. No supplemental Mg 1.15 1.05 1.25
2. Protein blocks, 2.5% Mg 1.03 1.223. Corn, with 2 oz MgO 

1.43 
1.03 1.68 2.11 

4. Free-choice min 25% MgO 0.98 1.27 1.92 
Urine Magnesium (mg/mg Creatinine) 

1. No supplemental Mg 0.036 0.042 0.074 
2. Protein blocks, 2.5% Mg 0.016 0.018 0.074 
3. Corn, with 2 oz MgO 0.035 0.226 0.259 
4. Free-choicemin 25% MgO 0.056 0.071 0.162 

mineral with MgO and corn was almost as effective;
however, the feeding of protein blocks with 2.5%
Mg or hay was ineffective in elevating the serummagnesium to normal levels within a three-week 
period. The intake of the protein block was 0.1 kg
per head per day. The amount of hay eaten was 

minimal. 
Urine magnesium showed a significant increasein the group receiving corn and 56 g MgO and a 

increase in the group receiving FC mineral 
with MgO and corn (Table 4). 

During phase 4 (4/25-5/9) experiment 1, when 
magnesiumreceiving greencowsserum were adequate pasture, thelevels decreased in the groups

that had been on corn plus 56 g MgO and FC mineral 
with MgO. The other two previous treatment groups
in phase 3 showed higher serum Mg levels (Table
5). Urine magnesium levels decreased markedly from 
the beginning to the end of phase 4 (Table 5).

When yearling heifers were fed similarly to the 
older cows in experiment 1, no effect (P > .05) was
observed on serum magnesium (Table 6).

In experiment 3 (Table 7), the serum magnesium
values for the FC mineral and liquid supplement 
groups were 2.06 and 2.04 mg'%, respectively, on
3/6/75 and both groups were higher (P < .01) than 
the control group. However, the magnesium values 
for all three groups decreased sharply after 3/6 to 
a low oil 4/10/75 and then increased above 2 mgI% 

TABLE 3. Serum and urine magnesium, Experiment 1, Phase 2, 1/31/74-3/28/74, 56 days 

Serum Nig (Ig";,) 
'l'rn,tnut1 Grass 'elny'thlt:itlii:ie 1/:11/ 74 3/211/74 

I ligh enirgy 

L.ow energy 
'2 

4 
1.77 

1.71 
1.15 
0.05 

Urine Mg mSg/mg Creatinine
 

I/31 /74 3/211/74
 

11.017 (1.055 
(1.024 (.015 
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TABLE 5. Serum and urine magnesium, 
Experiment 1, Phase 4, 4/25/74-5/9/74, 

14 days 

Urine Mg 
Serum Mg (mg%) mg/mg Creotinine 

Treatment 4/25/74 5/9/74 4/25/74 5/9/74 

1. No supple-
mental Mg 1.25 1.62 0.074 0,045 

2. 	 Protein blocks, 
2.5% Mg 1.43 1.76 0.074 0.047 

3. 	 Corn with 2 oz 
MgO 2.11 1.87 0.259 0.058 

4. Free-choice 
min. 25% MgO 1.92 1.85 0.162 0.046 

rABLE 6. Serum magnesium for heifers, 
Experiment 2, 12/27/73-4/19/74 

Treatn-nt. (;rotnd Ear Corn 
(kg)
 

0.0 1.3 2.7 

Serum Magnesium (mg%) 1.86 1,96 1.96 

in groups receiving FC mineral and liqaid supple
ment, with 1.97 mg% for the negative control on 
5/15/75. Urine magnesium values showed a similar 
pattern to the serum magnesium levels. 

Serum magnesium values (experiment 4, Table 
8) in all three treatment groups decreased from initial 
values of 1.74, 1.70, and 1.70 mg% on 12/2/75 
to 0.95, 1.12, and 1.00 rag% ol 3/3/76 for negative 
control, FC mineral with Mg and FC mineral with 
Mg and corn treatments, respectively. From the low 
values on 3/3, the magnesium levels in.reased in 
all three treatments tf 1.57, 1.73, and 1.95 ing% 
on 4/27/76, respectively. Three cows in the negative 
control group and three cows in the group receiving 
a FC mineral with Mvig and corn showed signs of 
tetany (Table 9). The incidence of tetany appeared 

to be more related to the onset of calving and lactation 

than to the growth of green grass in the spring. 

TABLE 7. Serum and urine magnesium, tExperneiii ,,12/4/74-5/15/75 

Blood Serum Mg 
Sampling Date mg % 

12/4/74- 1.30 
1/30/75"' 
3 / 6/ 75" ' 

1.57 
1.47 

3/27/75 1.46 
4/10/75 1.23 
4 / 24/75 1.60 
5/15/75 1.97 

1 


Control 

Urine Mg 

mg/mg Creatinine 


0.254 
0.082 
0.067 
0.104 
0.047 
0.130 
(.355 

Treatments 

2 


Free Choice Mineral 

Serum Mg 
rng% 

1.44 
1.70 
2.06 
1.67 
1.35 
1.63 
2.07 

tlrinet Mg 

mug/mg Creatininf, 


0.211 
0.124 
(.293 
().
123 
0.((72 
(1.093 
0.625 


31
 

Liquid Supplumen 

Serum Mg Urine Mg 
rng% ng/mg Cratininv 

1.61 021l
 
1.97 t.2014
 
214 0. 195
 
1.60 0,046 
1.,16 0}.008t 
1.71 (1.097 

2.11 0,5.16 

'Serum Mg means differed significantly (11< .05).
"Serum Mg means differe( signifir:antly (P <.01). 
'Srine Mg means differed significantly (P< .05). 
'Urine Mg means differed significantly (P < .01). 

TABLE 8. Serum magnesium, Experiment 4, 12/2/75-4/27/76, 147 days 

No. Blood Sampling Date 

Treatment Cows 12/2/75 2/3/76 :/2/76 4/1/76 41/27/76 

ig I,
 

1. 	Negative control 19 1,74 1.21 0.115 1.23 1.57 
2. 	 FC mineral (with Mg) 1l 1.7(0 1.70 1.12 1.3: 1.7:3 
3. 	 FC mineral (with Mg and corn) 10 1.7(0 1.41 1.00 1.54 1.95 
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TABLE 9. Summary of cows showing tetany, Experiment 4, 12/2/75-4/27/76, 147 days 

Serum Mg
Date of Days Date LastTreatment Cow Stage of Calving First Signs After Last Bleeding Animal EndNo. No. Breed Production Date of Tetany Calving Bleeding (mg%) Treatment Result 

1 139 A Lactating 2/6/76 2/24/76 18 2/3/76 0.79 None Found (lead 

1 6020 A x S Lactating 2/13/76 3/31/76 47 2/24/764/1/76 1.84 500 cc" Died 
4/1/76 4/3/76
I 167 A Lactating 2/8/76 3/21/76 42 3/2/76 0.30 500 cc" Died 

3/21/76 3/21/76
 
............. None of the cows showed tetany ..........
3 105 A Uctating 2/10/76 2/13/76 
 3 2/3/76 0.80 None Found dead 

3 11200 SHI x A Lactating 2/6/76 2/13/76- - 2/3/76 1.08 500 cc" Recovered3 165 A Lactating 2/17/70 2/29/76 12 2/3/76 1.00 None Found dead 

2/29/76 
"Solition was A:hor Cahdx which contained Mg, Ca, 1. and dextrose. 

DISCUSSION 

A. W. Pantall (New Zealand). Iwasn't sure whether 
these animals were indoors or on grass. If they're 
on grass, it's b,en suggested in New Zealand recently
that a toxic iungus may be contributing to grass
telany in a similar way that fungus causes facial 
eczema. I tave you considered this possibility here?Smith. The animals were outside 0on pastures. I can't 
answer your second question, but I believe that we 
are dealing mainly with a problem of magnesium
deficiency. A fungus does seems to be involved in 
the condition of tall fescue toxicity that we experi-
ence, but I think this is a separate problem. 

R. Shirley (Florida, USA). I wond-r what the level 
of magnesium in asyour water might be? It looks 
if it might be very low. The reason that I mention 
this is that in southern Georgia they've had tetany
which is responsive to magnesium supplementation.
With limited water consumption data, water seems 
to supply about 1% of the NRC requirement. In 
Florida we've recommenthat the water might supply 10% of theseen a lot of water analyses and find 
dat an we h rltly little ten.He 
dations and we have relatively little tetany. Have 
you made water analyses? 
Smith. No. 
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Grass Tetany As a Metabolic Problem in the 
Eastern United States 
R.L.Reid. G. A.Jung, and C. F. Gross 
West Virginia University and United States Regional Pasture Resaarch Laboratory, Agricultural Research Service,
University Paik, Pennsylvania, USA 

l l~iptfli,.ten(,s, iittilttnv his trilitiollilIV Ieei a 
signifitint problem in boee id diry hyrds in the 
northe(st I lnittd Stites. fl', inliidtenl, itftetlly in 
this region is ,iSSttt:i'ttd piinarily th two periods: 
tile elssical springl or grs> ltilny is ,hstrif whin 
tItle ire (:nsumrin n=. haldgi, piiwth in spring: 

wilter ti! y eI r> illbehet I tit, rlilit.fin l till 
hay ofr itjh gra in-> th , 'di tht, winltir touths,. 
iltll m )st i-quently in h : . istpt pt ii.i,p rtlill 

In West Vrginit ,nd Atlfintntt sItts, the winter 

i:MInditjii ni y t' ,o nt illaging
In()w imnoll, 

thin fite sprin2 '1 als K I rt .I.s wWW'ill 

s-to l. W\inter v pp i Itto o,, tlitet t( t,
i,, t 

tri'lt wdtwti u ' r silig( whi(:h
i : t11,tIrih,,\ 

ti," t, lit,'.Ill i 1 a, l ,,Vn v higniiull, i'S1 

I ' !l. ,mll(ItI utu td .
ll tll. hilt I;S 
.i In t,lt,.in 'rln hn 1li:i,.itsv ()rfil-

,il,t i(.o00thi1 by r()g%t tw! itti ,'llt.. low .' 

inti k s. I ! )y p(f, I, I in''d ftn i;mll I ,I-
t. I% 'n it,.

iltls-tll oft '.vi}lh 1tritln(i t h. ,lin itil phvsiit

l{o,..i{c
l S!It(+,.. 


A\ C o'n t i l li ' -, ,1 c) l,i l l t dl nlj i lg li)"l i l 1, 11h 1 1, l l l i nlg i 

' 
,it:(;tirti, (estinla . o! 11 ilCitditltt, t s .ir it of 


dnimal losses d t t'o hypmi it is, 
.(,i.,nistnui g nterallly 

ccni(ldil dhit ni itt fl is I n .sing
hil ,,no 

,lt}1houigh fi l le, - tor thi at not i' iti ! intil. 
n7 .t 10th'itn ( (, ,IITon(ed 11 i i.ii v. i . till oultph

il/:I'(St11 t[tt~l',i''i\' hoth ill ft{fll"l,011 W.,ltpu'l 

hon ,from thefill!nima11.ttdn At a yslopillmih:,d inlWest 'iiu'ir_, -t Iloth),ll r+tiiortsn l i t 1(}",i) 

ta iom, t 1 tO'. iof h. o n , i ii a l)irit (te t ii iditiiitit 
ma+inly to tilnol thl +,tot oit offrtwo -tt, (on 

t. d (!the! It rifi I l' t a in t.itt whtft p 'tittllil 
ptistn.ing inthe (mtuh. M'ore ref.enl su. I 'I)A(.vs
(,rass Ttany VorrsbThp. 1975) irliwi t gras-
tetal l ow rs. no al+osti ill stt -;it was, , . 

cludttd in this l ter -,urvev thal mrnual t is-',.nl 

tetainy il this itnt.r lll, hi I-tlti Iu o mm-ff, ol 
to 2";, i)tth grlzirig ajnima l pttl.ilation ard thi1, 
in 1972. e;,)nitmi: losses; were it thle 7"urtle()I S70(ti 
million. (;riiss (197:) t:stinratecl that the valu of 
dairy aind loicdt ettle totgalss tetany in 1 17:r lOst 
Was more than $2 million in Pennsylvania alone, 
The problem is a sporladic one and mmt(r oitbreaks 
appear to he relaMtd to abtorial seasonal weat her 
(;onditio~s. 


Two major alternatives for the prevention of grass 
tetain -(avalilahh it flariers: (1) increasing the 
sutppl of lagne.siun through the soil anId plant; 
(2) providing slph,entary nliagnesiurm to the ani
re1. The sict'ss )f,igritltoli: approaches to raising
 
th' Ilignesii (itoi:etltalion of plants is related
 
tt(i)litllrte (o4 i soil, (h)level of ipplication azid
 
s(lo oflIr,lign lsiol. (c)niethio)(1 of ipplicitioll. i.(..
 
whether t1) Irss.,i, pit d down, or 'iplplitd to
t w 

fli.Age, (ditspleies off plintl. ,id(i)inviru-)rnentl
 
C(Mliti(lls. Illgellfil, l i e..illefelrtilizaition is
Illn n 

1mot stl,(issf l on owil, (:iiirsi-tl\tur(i, or sindy
 
soils: Ilurns ili( All{ro)ft (t1tG7) iti ltiliil i1l
plhi(Iti (of "ti kg Nlg() hiitin light soils with a
 
p11 liss thin tiS. laiw ritis.'-" (l4ss thin oI7kg Mg/hi)
 
hive tosu llII . wo llftun l tif Ull i f lv:i'(. ,ilh.iunil
 
rlagnim site (mnli.,lsi'l, Mg ))i di M S(s , ,ir nmire
 

t(1i:tivi. s)llli:is Ifof girssl iitl th.n lhlhirlite,
 
(:,t( ).,\l'g(:()i, ' [mI high ii(.,1cini soils
), ,.i y 
(\Viiti, I!htm dirt. is less sidubh thanl iliniti 

e.{:ihcJti( hinl.!+,'h,ippli(:,flioll ft .iidstills is frf
(1li11"1dil ','0 l I H l~h ( t o i[)r(%Jvi!(' -f o rm lrl, e :p f~, 

tofion. I ll llll )I ilhl, hill 'llilling are s 
)I We-t \' rginiii at till,iresint tilui. il il lilic 

li smstn, is both >.i'lo+n iv . ol (dilliilt to i)liin 
,0(1 l l t nif.s afiod 1.if'tftivilwre s itt this siiil 
dinilli>lt ill Illcm(iii[tll isl hitlini
"I. 1edttl j"'.flh{'r (11ll 


()n hvivii sis. ()r where the I)I is ovn 6.5,
tintitng iirs'pityiriga }nelti.gi with ,M.,gri is a mre 

i 
tht prli:licti it.1 with t.insii less id{ce[p
ili, l iiiiis t,t Jl-k- ling spring tetlly, iltlhtigh 

his rilhly 
ill till, i t Irelinh ll V than ill."llriili.Trials iln 

Cloud. l1lih) 'liw,tI that (i:slinlg iasttlre. with 
2Ot--t .kg NQgI if h, ef4itr, grazing raisid the ilietiry 
rnigntl. it h1vel frol I.31 ";, ltllli l tt. lf t lrivideld 
lilf lirmltlthnis ilii llalhility. A similar a . o h 
,lev lopeil in (nt;(rgki (W ilkinson oft ll., 197:3) in-
Vuives spiriying with ifslurry of Mg() and linlrite 

, Mg() dI 1.5';, hnloutonili). It has suIcce.ssfully
 
orntrotlled telany ointall fescue pastures.
 

In gRenurl. dir;t siupplehmerntation (ifinagresoini 
in the diet to animals at critical l)mriirds has loten 
the more videhly a:epthul practice for control of 
grass tMany in hef cattle herds on hlll farms. 
Methods of providing sHuppllnrmnatry magnesium to 
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cows have been discussed by lorvath (1972) and 
Fontenot (1976). A critical feature of this approach 
is cost. While the incorporation of magnesium into 
grain supplements or corn silage is an effective 
melhod of maintaining the magnesium status of 
cows, the practice can scarcely be justified in view 
of the presenl marginal economic (:condition of the 
small )eef cow herd. In this situation, methods of 
supplementation 
inexl)ensive and 
consumption of 
herd. 

Major reviews 

are required which are simple and 
which insure adequate levels of 

magnesium by all animals in the 

on thc subject of grass tetany have 
alppeared during the last few years (Grunes e al., 
1970; (;runes, 1973; Jones et al., 1972: Metson, 1974), 
ai d we do not propose to reinforce this considerable 
literature. Rather, a brief discussion will consider 
recent studies on: (1) magnesiturn distribution in 
crops ar,d soils; (2) selection of plants for magnesi ltr 
concentration and availability; (3) fertilization effects 
()ilmiagnesium concenlration and availatbility; (4) 
praictical methods for the control of grass tetany in 
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beef herds on hill farms in the Appalachian region. 
The work has, in the main, been performed either 
in Pennsylvania or West Virginia, or in cooperative 
projects betweern the two states. 

MAGNESIUM DISTRIBUTION IN CROPS
 
AND SOILS
 

Earlier studies (Beeson, 1959) showed the occur
rence of magnesium-deficient soils generally in the 
Atlantic and Gulf Coastal plains and in the podzol 
region of the Northeast. This author stated that "no 
generalizations can be made concerning soil proper
ties ani the occurrence of hypomagnesemia or grass 
tetany in catile or sheep.' Metson (1974), however, 
discussed a possible relationship between soil type 
and the prevalence of grass tetany in New Zealand, 
anti recent reports from Pennsylvania support such 
an association. Fig. 1 (Jung at a/., 1975) summarizes 
magnesium (oncentration data for five major forage 
classes, representing 9000 analyses from 1968-73, 
as related to geographic distribution in the state. 

M E REGION 2 

EZ REGION 2 
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[ REGION 4 
92REGION 5 
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CORN SILAGE GRASS HAY MIXED HAY MIXED HAY LEGUME 

(MAINLY GRASS) (MAINLY LEGUME) 

Figure 1. Percent magnesium saturation of cation exchange capacity of soils and magnesium concentrations of forages for five 

physiographic regions ol Pennsylvania. Jung et a. (1975). Soil magnesium map by courtesy of W. W. Hinish. 
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There are significant regional differences in magne- as illustrated by data of Jung et al. (1975) in Table 
sium level for ipost forage classes and these dif- 2. Variability of this nature results from soil, climatic 
ferences correspw 'i to differences in magnesimi, and fertilization effects, from industrial contami
concentration of the soil. Magnesium deficient soils nation, as well as from differences in stage of growth 
are located primarily in the east and west central and species of plant. With similar soils and sampling 
areas of Pennsylvania and high magnesium soils conditions, different plant species can still accumu
mainly in southeastern Pennsylvania where, it is late significantly different concentrations of miner
claimed, the incidence of grass tetany in cattle is als. Table 3 provides data on the magnesium con
much less common. Data obtained in the Allegheny centration of grass, legume, and weed species found 
Highland Project (Baker and Reid, 1976) also indicate commonly in hill pastures in West Virginia (Baker 
a positive correlation between soil and plant magne- and Reid, 1976). The wide diversity of plant forms 
sium content over a wide range of soils on hill farms and of mineral levels may serve to support an 
in northcentral West Virginia, but show that this admittedly subjective impression that animals graz
relationship may vary with the plant species consid- ing on such pastures may be less subject to mineral 
ered and with years (Table 1). Data from both states disorders than their counterparts maintained on 
confirm that the magnesium concentration of grass fertilized monocultures of grasses under intensive 
species, which represents the major component of management systems in the lowlands. 
diets for cattle on hill farms, is substantially lower Whether or not this is the case, it is apparent
than the value of 0.20% which has frequently been that there is considerable genetic potential for the 
accepted as a "safe" level for the prevention of grass selection of forage species or cultivars with the ability 
tetany (Grunes et a]., 1970). to accumulate higher levels of magnesium. Hill and 

Sung (1975) demonstrated a significant variabilitySELECTION OF PLANTS FOR MAGNESIUM in mineral concentration between genotypes of 
CONCENTRATION AND AVAILABILITY Saranac alfalfa (M,:'dicago sativa L.) and Ilill and 

It is well recognized that variability in the mineral Guss (1976) concluded that, with the possible excep
concentration of the major forage classes is high, tions of timothy (Phleunipratense L.) an(d the Loliumn 

TABLE 1. Correlation coefficients between plant magnesium
 
and soil measurements for five forage species (Baker and Re;d, 1976)
 

Alfalfa Red Clover White Clovr Orchiir(lgrass Timothy 

Parameters 1971 1972 1971 1972 1971 1972 1971 1972 1971 1972 

Soil magnesium +.60" +.71" +.66" +.64" +.5' -+.117' :12 .55" +.14 +.24 
Soil calcium -. 49' -. 67' -. 52' -. 40' -. 55" -.68' -_.36 -. 26 -. 21 -. 16 
Soil potassium -. 09 -. 48" +.43' -. 17 +.09 +.52' -.34" 4.19 -. 30 -. 26 
Soil p1' -. 34' -. 83" -.38" -. 11 -. 5W" -. 115, -. 17 -. 04 +.15 4.01 

'Values that ate significant at 5% level of probability. 

TABLE 2. Variability in the mineral composition of farm-grown forages in Pennsylvanie. 
1968 to 1973, from over 9 000 forage samples (Jung et aL, 1975) 

Leg. me-Grass 
Legume lay Itlay Grass IIjy Corn Silage 

I'vrren t
 
Calcium 0.25-2.22 0.22-1.99 0.10-1. 111 0.01-1.811 
Phosphorus 
 0.15-0.44 0.08-0.62 0.11-0.37 0.11-0.511 
Magnesium 0.10-0.50 0.07-0.56 0.04-01.34 0.01-0.45 

ppm
Manganese 13-1 080 11-204 13-376 2-267 
Iron 41-800 10-2 599 19-501o 5-1 500 
Copper 4-60 2-92 2-31 1-:1 
Zinc 12-239 9-357 13-112 3-52,1 
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REID, JUNG, AND GROSS 
TABLE 3. Magnesium concentration of forage species collected from hill pastures and meadows
 

during two growing seasons in northcentral West Virginia
 
(Baker and Reid, 1976)
 

%MgCommon Name Scientific Name 1971 1972 

Legumes
Alfalfa 
Alsike clover 
Crimson clover 
Red clover 
Sweeclver, yellow 
Vetch, coinmol 
White clover 

Medicago saliva L. 
'rrifolium hytbricurm L. 
Trifoliuim incarnalum L. 
Trifolium praense L, 
Melilotus officinalis (L.) Pall. 
Vicia sativa L. 
Trifolimn repens L. 

0.19 
0.26 
0.24 
0.30 
0.32 
0.16 
0.27 

0.20 
0.36 
-

0.30 
0.39 
-

0.26 

Grasses 
Mean 0.25 0.26 

Ba rnyardi grass 
Big bluestmn 
lthtugrass, Ky. 
lronmiselge 
|rorne g ra sses 

Fiscu. red 

Fiscui, tall 
Fi xtail 
Oas 
()rchardgrass 
IPanicun 

Pfverly grass 

Ech inocihla cro sga ill (L.) Hea ov. 
Andrplgon gerardi Vilm. 
f'oa pratensis . 
Aniropogon virginictus L. 
Blromts sp. 
Festuca rulbra L. 
Festuca arundinacea Schreh. 
Searia glatca (L.)lleauv. 
Aena sp. 
Dactylis glomerata [. 
Panicrim sp. 
Danlhonia spicata (L.)1eativ. ex Roem.& 

0.43 
0.04 
0.16 
0.04 
-

-

0.22 
0.19 
0.11 
0.19 
0.04 

0.45 
0.04 
0.10 
0.07 
0.04 

0.14 
0.19 
-

-
0.1L 
0.11 

Quac:kgirss 
Schulh. 

Agropyron repens (L.) BeatLiv. 
0.04 
0.10 

0.04 
0.07 

Redtop
Reed canarygrass 
Rye 

Ryegrass, perennial 
Sweet vernal 
Timothy 
Velvet grass 

Agrostis gigantea Roth.
Phalaris arundinacea L. 
Secale cervi I L. 
Lolitm perenne L. 
Anthoxanthum odoratum L. 
Phleum praitense L. 
1lohus lanatts L. 

0.12 
0.21 
-

0.21 
0.06 
0.08 
0.08 

0.06
0.16 
0.04 
0.11 
0.04 
0.05 
0.09 

Weeds 
Mean 0.16 0.11 

Cinquefoifl 
Dock, curly 
L.amlsqtuarter 
Milkweed 
Ragweed 

Pohentilla sp. 
Rtmex crispus L 
Chenolodium alin L. 
Ascepias syriaca L. 
Ambrosia Isiloslachya DC. 

0.22 
-

0.96 
0.50 
0.53 

-
0.24 
-

-

-
Mean 0.55 0.24 

perenne L x L. multiflorum Lam. hybrids, a coil- (Lotus corniculatusL.), and Saranac alfalfa, in whichcentration of 0.20% magnesium was attainable b ' the magnesium concentration was approximatelyselection in most forage species. Recent studies by twice that of the low-accumulating species. At thisGross and lung (unpublished data) at the USDA growth stage, a difference of 0.15% Mg betweenPasture Research Laboratory with temperate grasses timothy culivars was noted, and a difference ofand legumes grown at three ambient temperatures 0.13% between alfalfa cultivars.under greenhouse conditions illustrate further very It appears, then, to be experimentally feasible tomarked differences between species and cullivars select plants with higher levels of magnesium. Thein magnesium concentration (Fig. 2). They found problem, as stated by Cooper (1973), is to definethat, in early spring, high magnesium accumulators the priority of this approach in relation to the optionswere Timfor timothy, Nordstern orchardgrass of increasing plant mineral levels by fertilization(Dactylis gloinerata L.), Viking birdsfoot trefoil or by direct provision of the mineral in the animal's 
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GRASSES 

Timfor timothy 
Nordster. orchardigrass 


Penolate orchardgrass 

1y. 31 tall fescoe 


Potomac orchardgrass 

loreed reed caoarygrass 


Park Ky.bluegrass 

Redtop 

Climax timothy 

Combi perenial ryegrass 
Sic smooth brome r.;s . 0.2 ..... /4% 30 

0 0.1 0.2 0.3 0.4 0.5 0. .4 

Viking birdsfoot trefoil I i miili mim iiiiii, i i ii. .H im 0 I ...i .. . . .1 . . . ._ .. . . __ _ "0 

Saranac alfalfa 

Team alfalfa30 

Iroquois alfalfa 
Peenscott red closer IIIIIIIIIIIIIIrlIl 

Ladino clover 

Regal white clover 


AS A METABOLIC PROBLEA 

0;, Mg 
Per. ryegrass 

App.absorp.
1 

0.3 /Retentio 
1 .'Ile . 40 /day 

0.2 ...... ./ 30 
' ... * -- ., *,e. 20 

.0 . 

1010 
I I0! 

0.3 Smooth br0e 
0.3 S t1 40 

ommLSD (.0) / 3 

3 Orchard40 

.30
 

i ?illl3~Illlll~l 0 . ~ * 20 ..4iIIlllll 

.. .. .. .. .. .. .. . . . . . 2 ..4
 

Alsike clover IIII0ii iIlllllllllrllilllI 

'.05Vernal alfalfa IIIIIIIIIIIIIIIIIIIIIIILSD 

0 .201 0. 04 .50.2k":,Mg 03 020 

Figure 2. Magnesium concentration in species and cultivars
of grasses and legumes grown at cool spring temperatures 
(12 C, 54 F) under greenhouse conditions. Gross and Jung
(unpub. data). 

feed. A further problem would seem to be thatt of 

availability. It is implicit in the plant selection 
approach that plants segregated for higher mineral 
concentrations will allow also for improved mineral 
utilization and retention by ruminant aninials con
suming the plants. That this is not necessarily the 
case is illustrated in Fig. 3 (Reid. unpublished data). 
In balance trials with lambs fed cut herbage of four 
perennial grass species, significant diffurences in 
the apparent absorption and retention of magnesium 
among forages and among growth states were noted, 
The retention of magnesium by lambs fed tall fescue, 
with concentrations of magnesium in the range 
0.21-0.26%, was, for example. consistently !owr 
than in lambs fed orchardgrass, with magnesium 
levels in the range of 0.14-0.17%. The data suggest 
the need for incorporating some measure of mineral 
availability, as well as of concentration, into selection 
programs designed to improve the mineral nutrition 
of ruminants. 

FERTILIZATION EFFECTS ON MAGNESIUM 
CONCENTRATION AND AVAILABILITY 

The effects of the main fertilizer elements on the 
uptake and utilization of magnesium by plants and 
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Figure 3. Concentration of magnesium in four perennial grasses 
at different growth stages as related to apparent absorption
(%)and retention (g/day) of magnesium by lambs in balance 
trials. Concentration of 0.20% Mg in heriage is frequently cited 
as a "safe" value in the literature. 

animals are well documented. Fertilizer nitrogen 
alone tends to increase the concentration of magne
sium in herbage, where soil magnesium is not 
limiting. Potassium fertilization increases herbage 
potassium levels, but decreases the concentralion 
of magnesium. Where nitrogen and potassium are 
used together, the incidence of grass Ietany has been 
observed to increase, although the reasons for this 
response are not clear. Some possible causes might 
be: (a) an effect of both nitrogen and polassiurn in 
depressing availabilily of magnesiun to the grazing 
animals; Fontenot (1973) considers that potassium 
is more important in this respect; (h) an effect of 
nitrogen fertilization in depressing the soluble car
bohydrate of the grass, causing a protein-energy 
imbalance in the grazing animal, and (c) an effect 
of nitrogen in increasing the level of higher fatty 
acids in herbage, with possible formation oifinsoluble 

calcium andi magnesium soaps in the giul of the 
animal. 
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While soil trealment with dolomitic limestone is 
a frequently recommended practice for the preven
tion of grass tetany in eastern mountain areas, there Nordstern orchardgrass

is limited experimental evidence to support the Timfor timothy
 
effectiveness of this measure. Amos ot al. (19 75) Smooth bromegrass
 
noted at higher concentration Reed canarygrass
of magnesiotin Redtop

immattire orchardgrass treated with dolomite than Potomac orchardgrass

with :alcite, and some response in hlood ruagnesi iin Pennlate orchardgrass

of ewes maintained on the dolomite-treated pasttires. Climax timothy

Pennsylvania trials with q(Iicker acting magnesitni Kentucky bluegrass

fertilizers stich as kieserite (Gross, 1973) indicated Ky. 31tall fescue
 
lat significant increases in magnesiuim concentra- Perennial ryegrass
 
tion were obtained in both grass and legime species 
 LEGUMES 
il response to relatively low fertilization rates (56 Chemung crownvetch gIIIIIIIIIIIIIIIIIIIIIIIII|III cI||

and 1'I 12 kg Mg/ha), altIiotgh tiplake was related Penngift crownvetch mm.ml!ircccmmmccwccvccmmv
 
to soil type. Response will also vary with growth Birdsfoot trefoil
 
stge. Inc rease in magnesitm concentration resuIlting Alsike clover ;illllcll'lllllllllil
 
from fertilization with 112 kg Mg/ha in the stlfate White clover vmumimiwmmii
 
form was greatest early in spring and least at the Ladino clover 
 Iijiimimii 
hay stage ani in regrowth cuttings (Reid, on pu - Iroquois alfalfa i iiiii niim
 
lished data). 
 Vernal alfalfa ImIIim ,I

In recent trials (Gross and Jung, unpu)t)lished data) SaranacRed alfalfaclover w iniii,,iiiiiiiiilinlllilllli 
with different species tinder greenhouse conditions, Team alfalfa
 
a high magnesitim fertilization rate (672 kg Mg/ha) 
 i ,.i .._,__. ....
 
significantly and differentially infltienced the mag-
 0 0.1 0.2 0.3
 
nesitin concentration of hoth grasses and legumes. 
 Increase in Mg concentrationSmotlh hircmegrass (Bronius iliermis Leyss.), tallfescue (rt'etgasaroldin(;iea S hreh.). birdsfoot tre-
foil, Saranac alfalfa, and adino clover 

Figure 4. Mean absolute increase in magnesium concentration(Triolium of grasses
frls and legumes at cool, intermediate, and warm.) r slf) andadbest o magnesitm fertilizer temperatures in response to magnesium fertilization undergreenhouse conditions. Magnesium was applied at the ratetinder :ool spring conditions, while Timfor timothy of 672 kg Mg/ha in the form of MgSO,.7HO. Gross and Jung
and crownvech (Coronilla t'aria L.) were most re- (unpub. data).
s)onsive at cool atitOttn tenperatures. Grass species 
which responded well to fertilization at cool temper
attires tended to show little change in magnesitim
concentration tinder higher temperatures. Fig. 4 harvested at different growth stages, and fertilized 
provides a summary of the average absoltite increase with or without 112 k! Mg/ha, magnesium being
of magnesium concenlration in the topgrowth of in the form of kieserite, 94% MgSO.1H.O. Magnesi
grasses and leglnnes tinder all tem perattire regimes tim fertilization increased the concentration of mag
in this stidy. Nordstern orchardgrass was the most nesium in the forage (0.17 vs. 0.20% for non-far
responsive of the grasses, while the crownvetch tilized vs. fertilized forage across all spccies), had
ctiItivars and hirdsfoot trefoil showed greatera a variable effect on apparent absorption values, but
overall ability to tise fertilizer magnesiuim than white significantly improved magnesium retention (0.17
clover and alfalfa, vs. 0.28 g. Mg/day) by lambs. Apparent absorption

The athors stiggest that use of stich high levels and retention of magnesium in response to fertiliza
of magnesitim fertilizer might be economically jttsti- tion were significantly higher on legume hays than 
fied hy application to limited areas of pasture prior on the grasses.
to grazing at critical telany periods, on much the PRACTICAL METHODS FOR CONTROL OF 
same principle its foliar application methods. Again, GRACT ET H OL 
the effectiveness of such an approach will depend GRASS TETANY 
nupon the ahility of the animal to ttilize efficiently Two sittiations need tohbe considered in develop
the increased aiotints of niagnesitin incorporated irg prevention methods. In the "acute" spring tetany
in the lllant. To determine Ihe effect of magnesitin syndrome, sertii magnesitim levels in cows turned
fertilization of forages on ttilization by liet animal, on to spring herbage decrease rapidly and the sus
inineral alan Irials with lanihs were rtin on '19 ceptible animal may become tetanic within three
hays harvested on different soil types in West Vir- or fotir (ays of the onset of grazing. In these condi
ginia and Pennsylvania (Reid et al., 1975). The hays tions, stipplying magnesium in available form di
included grasses and legtmes of different species, rectly to the animal, either hy supplementation or 
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by foliar applicaton, appears to be more effective 
than increasing tie level of plant magnesium by 
fertilization. Fig. 5 shows changes in serum magne-
sium concentrations of beef cows grazing orchard-
grass in early spring under three treatmn'nts: (a) "high 
risk" pastures fertilized with N and K: (b) the same 
pasture treated with N. K, and 168 kg Mg/ha, as 
kieserite; (c) high risk pastures, with a dietary sup-
plement of compresse(l molasses-MgO blocks (a 
commercial pCeparation containing 14-15 % magne-
sium and 19-32;, salt). Results indicate that the 
provision of blocks on pasture was more effective 
in raising blood magnesium levels quickly af'.r the 
initial drop than the magnesium fertilization treat-
ment. The average consumption of magnesium from 
the blocks over a three-week period on pasture was 
in the range 18-25 g per cow per day. Alternatively, 
workers in Virginia (Fontenot, 1973) have reported 
satisfactory consumption of magnesium by grazing 
cows from mixtures containing 1 part trace mineral-
ized salt, 1 part magnesium oxide and 1 part of 
a palatable feed such as dry molasses, cottonseed 
meal, steamed bonemeal, corn distillers dried grain, 
alfalfa meal, or ground corn. 

Foliar application of low levels of magnesium 
oxide on spring herbage provides effective protec-

1974 Winter 
2.4 

Spring grazing 

2.2. 
2.0 

Serum Mg 1.8 .......... " Mgblocks 
g 0. 1.6 ,m. 
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1.2 N:k:Mgfertilizer, 
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InFbMrlplp May" May
I 1 I24 M 9 
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Figure 5. Changes in blood magnesium of beef cows turned 
on to spring pasture (orchardgrass) under three treatments. 
Values are meant for groups of 12 cows. 

tion, but this approach is seldom followed under 
hill farming conditions, probably because of limita
tions of equipment and terrain. Similarly, standard 
recommendations on the timing and level of ap
plication of fertilizer N and K to prevent spring tetany 
on hill pastures tend to he of academic rather thap 
practical interest. 

To meet the more chronic situation of wintei 
tetany, it should he recognized that most beef cow 
herds on hill farms are maintained during the winter 
months primarily on mature grass hay or fall-saved 
pasture and seldon receive either silage or grain 
supplements. O'Kelley and Fontenot (1969, 1973) 
estimated that, for lactating heef cows, levels of 
approximately 21, 22, and 18 g dietary magnesium 
were required to maintain serum magnesium levels 
of 2.0 mg/100 ml during early, mid, and late lacta
tion, respectively. Of this requirement, approxi
mately half will he supplied hy the forage. A further 
10g magnesium would therefore need to he provided 
from supplementary sources. In trials in Virginia, 
Fontenot (1976) concluded that this amount of mag
nesium could be obtained from a simple mineral 
mixture containing 1 part trace mineralized salt and 
1 part magne3ium oxide. In Ohio studies (Bishop 
et al., 1971) consumption of such a nixture was 
found to be extremely variable, and in West Virginia, 
average consumption of magnesium I)y beef cows 
given a free choice mixture of 40% salt, 40% dical
cium phosphate, and 20% magnesium oxide ranged 
from 1.3-4.2 g/head/day (Reid, unpublished data).
This compared to an intake level of 5.0-10.0 g 

magnesium from a similar mixture containing 20% 
dried molasses, or 4.1-8.8 g magnesium from com
mercial molasses-MgO blocks (15% Mg).The use of such blocks under field conditions has 

been tested extensively in the Allegheny Highland 
Project in West Virginia, and Woodson (1974) 
reported good results in tetany prevent ion from their 
use on hill farms. Precautions in feeding include: 
(a) provision of one block per five cows; (b) removal 
of other salt sources; (c) positioning of blocks where 
cows have ready access to them; (d) prevention of 
block soiling and wastage. 

While use of more palatable mineral inixes un
doubtedly increases the average level of consunp
tion of magnesium by wintering cows significantly,
it does not completely solve the problem of vari
ability of intake by individual animals. Behavioral 
studies (Reid, unpublished data) over two winterindicafe that, while most cows in a herd 

use mineral supplement boxes regularly, some ani

mals do ,, very infrequently. An alternative ap
proach mi.,, therefore he to provide the magnesium 
in the water supply. This technique has been used 
successfully in New Zealand (Young, 1973, 1975) 
and consists simply inldissolving or melering a 
soluble magnesium salt such as magnesium sulfate 
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(Epsom salts) daily into the herd drinking tank.
Results of such a trial in West Virginia are given
in Fig. 6. Addition of Epsom salts to a stock tank
lo provicte an aveiige dlaily intake of 14 g magnesium 
per head effectively increased the serum magnesium
levels of beef cows during the winter period and 
had no deleterious effect on water consumption nor 
any apparent effect on scouring or health of the
animals. The cost of the treatment was comparalle 
to that of use of magnesium blocks, and the treatment 
was effective in raising the blood magnesium of all 
animals ; the experimental group.Other possiili ties for hill land use might inclde 
the use of nagn,-,ium boluses and the inclusion 
of magnesium salts in liquid supplements and licks;
neither of these techniques has proved particularly
successful under field conditions, the main problem
being a failure to supply adequate amounts of mag-
nesiurm to meet the requirements of the lactating 
COW. 
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DISCUSSION 
F. P. Horn (Oklahoma, USA). What is your feeling 
on the relative importance of calcium in the grass 
tetany problem? As you know, in animals on wheat 
pastures in the South we find low blood Ca levels 
but not often low Mg. 
Reid. Hypomagnesemic tetany often involves a defi-
ciency of Ca and may, in fact, represent a type of 
spectrum between a deficiency of the two elements.
In cases of both spring and winter tetany in West 
Virginia in which we have followed blood mineral 
changes we have, however, found that the primary
change is in Mg and that the blood concentration 
of Ca stays within a normal range. 

or chlorophyllins might inhibit conict. You might
resole this by grinding materials finely. 

Reid. So far we have worked with fresh plant material 
and haven't looked at possible effects of processing 
on mineral availability. I1i addition to Mg, there are
significant differences in the availability of elements 
like Ca and 1) between plant species, and it seems

tht these differences may affect other pa
possibl 
rameters of animal performamce such as digestibilily, 
intake, and growth rate. They miiay, for example,
be involved in the poor performance of cattle and 
sheep on tall fescue. Other work-as ill Wales-has 
shown that species and cultivars of grasses may differ 
in micro-element availability and that this Can affect
the performance of lambs. We don't know what 
factors in plants may alter mineral availability.
R. W. Brougham (New Zealand). Ilave you looked 

at variation in water intake by cows in your winter 
situation? Experience in New Zealand with bloat 
preventives given in water indicates high animal 
variation in consumption and this might be a prob
lem. 
Reid. We have only measured water consumption
in these trials on a group basis, but I suspect that 
you may be right. Behavioral studies with cows given
choices of mineral supplements have shown very
marked variation among animals in the freqt.mncy
with which they use mineral boxes. Blood conlposi
tion does, however, show that all animals tn the 
Epsom salt treatment in the water had higher Mg
concentrations. Cost of this treatment, incidentally,
is much the same as for Mg blocks-3 to 4 cents 
per head per (lay. 
W. Mosher (Oregon, USA). Is there a relationship 
betveen Mg an(d K in 1he animal diet in causing 
tetany? 
Reid. Yes, I'm sure there is. We are on high K soils 
here and a great deal of work has indicated that 
K interferes with the uptake of Mg. The Dutch 
workers consider that the N x K interaction may
be particuhirly influential in causing tetany. 
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Dynamism and Conflicts in the Multiple Use of Hill Lands
 
W. E. S. Mutch
 
University of Edinburgh, Edinburgh, Scotland
 

Multiple use of land is an attractive concept. The 
words seem to convey the idea that each unit of 
area is serving "double-duty," as thoughsociety were 
receiving something for nothinp Throughout the 
world politicians have accepted the doctrine readily
in recent years, and under their tutelage, and that 
of journa lists, the general public in many countries 
has come to believe that this is a management 
principle (on which the land and water resources
of the world should be run. Multiple use, at least 
of forest land, has been given the weight of the 
law in the tinited States andt it appears prominently 
in the Statements of resource policy of several na-
lions, 

'I'he tblject in this paper is to consider the applica-
tion of inulip i use to the management of hill land 
in general, dIrawing some evidence andl examples
from the situation in the recent past and present
in Scotland. 

Mulliple use of land means using a particular area 
to produce more than one good or service contur-
rently. Simple subdivision of a large area into dis-
crele units, each used exclusively to proluce one 
good or service, does not constitute multitple use, 
nor, in the view of most people, does the alternation 
of uses over ttime period of more than one or two 
years, although there is some disagreement on the 
)oint. 


For ite logical development of the subject it is 
proba bly unfortunate thai the term tnultiple ust, has 
come to (:over bothlit deliberate decision to produce
inore than one good or service from a land unit 
and the situation where other goods and services 
happen to occur uninvitedl, in addition to the good
that management is trying to produce. The latter 
condition may be regarded as castal multiple use 
aml is extrenely common in extensive grazing sys-
tens (ra nge maniagement) and in'forestry. On Scot-
tish hill farms where sheep andl hill catlle are tihe. 
principal pro(lucts, recl grouse (Liagoptis lagopus
s:olics), red deer (Cervuis tNIaphtus), feral goals, ancI 
mouttain hares (Lepizs tinidus) share the grazings
and provide subsidiary l)ro(lucts, wvith public access 
tolerated throughout the area. Tl'he farmer nlay not 
try to prodciie any (,'Ilese subsidiaries an(l may
find the dist urbance of his stock by public access 
obviously damaging at some times of the year;
nevertheless he may accept them all, if only because 
he cannot afford to rid his theim.farm of 'l'lle 

subsidiaries may cost less now in domestic stock 
production foregone wouldthan their destruction 
or exclusion. The decision to change the margin
at which the f.:rmer would take action against them 
depends on prices and costs; an increase in the price
of a major product would cause the farmer to review 
the cost of the subsidiaries, in principal production
foregone, and hence the desirability of eliminating 
them. 

Similar casual multiple usc occurs in forestry; in 
some instances the forester may accept the inevitable 
joint production (say, the presence of roe deer (Cap
reolus capriolus)which damage young plantations
severely by browsing), and, making at virtue of 
necessity, may call the result multiple use. 

There are, in contrast, many instances where the 
m ultiple use is the result of a positive management
decision, as in the mixed trees and grazing system
in New Zealand (e.g., Knowles et al., 1973). Different 
though the casual and planned multiple use may 
appear to be, each fits well into ail optimization 
strategy, that is to say into a logical management
regime for producing the desired goods at least cost, 
or for maximizing the yield or the profit margin 
of the desired system. 
This is precisely how multiple use was approachedl

by Gregory (1955) in what is still the key paper 
on the economics of the subject. Gregory's model. 
given suitable lata, would indicate for a particular 
management situation, whether multiple use was 
economically justified and the amounts of the various 
goods considered which would yield an optimal
result. As with any optimization procedure, the 
model recluires the operator to define the criterion 
upon which the alternatives will be judged, that 
is.the statement of an objective. In contrast, the 
adoption of multiple use as a popular panacea has 
allowed it to emerge, however illogically, as an end 
in itself, as if the yielding of many compatible 
products was particularly desirable and capable of
maxinization. 
The relationships of product to prodtuct in resp:ct

of their compatibility in any situation range from 
joint prluction to direct competition. These condi
tions are not discrete, but form a catena of declining
conil)atahility which corresponds inversely with the 
intensity of managemen l.Whether hill or lowland,
extensively managed land tends to produce more 
than one product, and (apacity for multiple use (or 
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tolerance of it) diminishes as the intensity of use 
increases. The fact that the farmer may receive an 
income from the subsidiary products of casual multiple use may confuse the issue superficially. Never-
theless the association of multiple use and extensive 
management ariscs mainly because the managerfinds he has more to gain by using his scarce 
resources of supervision and capital on the produc-
tion of his main product X than by diverting them 
to the elinination of the secondary products Y and 
Z. Later, when he has intensified the system by
devoting his attention, labor, and capital to the most 
urgent improvements in system X, he finds that the 
next increments of input factors would be more 
effective in eliminating system Y or Z, a stage which
is commonly identified as the margin of conpat-
ability and competition in the product-product rela-
tions. 

Let it be supposed that the proprietor of hill range
in Scotland decides to increase cattle grazing bypasture seeding, paddock fencing. the provision of 
water, etc. The increased financial commitment 
makes the farmer intolerant of red deer and hares 
which clearly reduce his more valuable cattle pro-
duction and may yield him little or nothing, for 
instance if the deer use his farm in the closed season

for shooting. Even public access 
 )ecomes unaccept-

able as people break the fences and disturb the stock. 

The farmer will have to take account of what the

reseeding may cost him in the abandonment of the 

revenue-earning grouse shooting because of the

elimination of the birds' required heath habitat and 

diet. As the intensity of management and capital
commitment increases in any system, so casual 

multiple use declines. The agricultural extreme of

the catena from ranoe management is in indoor 

farming, say in deep litter poultry, where not even 

a mouse is tolerated, far less a red deer. Thes( 

creatures, extraneous to the cult ivated system, woul 

not yield "something for nothing." but would clearly

divert inputs from the desired product, and their 
cost would be the reduclion in the harvest sales,

The prod uction funct ions associated with hill land 
are very frequently less advanitageous to man than 
those on lowland, be(ause the soils are thinner, less 
fertile or more fiercely drained, or the climate is 
harsher than in the lowlands: ;)r it may be that the 
most productive machines cannot operate efficiently
oin the steeper gradients, or that the best land us. 
opportunities require careful terracing of hill land 
before one may even begin to grow the crops which 
could be raised on level ground. Tl'he hill land 
production functions being generally poorer thanthose on the lowland, capital investment per unit 
area tends to be less ijttractive and is smaller than 
in the lowlands (see Table 1), so land tise in Ih(
hills is generally far more extensive than on the
lowground. This itself accountsfora high proporlion 

650 

TABLE 1. Farm tenant's capital by farm type,
southeast Scotland, 1974-75 

Mi,i Size (ifFarm il'lcint's Capihl' 
FarimnType" (Ili]) (Cjwr ha) 

Ifill 
 1130o 2:1 
Ulamd 
 4111 81
 
Rearing with rahie
 

cropping: 
 i 2 11
 
Low intensity' 144 
 17 
Medionm/high" 171 270 
Sour:e: East of Scothand College of Agricullre, 1976.
 
'Farm iyl'hy standard definition of Iieparlment of Agriculture
 

and Fisheries for Scolland. 
'Average of opening and closing vahationf of farm accoonts. 
Cereal cropping. 

"Cereals aod other cash crops. 

of the supposed multile product management and
multiple use of hill lands; since they are not inten
sively managed. casual multiple ose is normal. 

There are clear exceptions to such a generalization,
where the use of hill land is intensive, as in Ihe 
Chianti Hills in Italy where the peculiar soil and
climatic conditions favor wine growing. In the 
Chianti, th( intensification for viticulture produlices 
a landscape which is less appealing to the Iourist 
than the tiraditional Tuscan mixture of olives, wheatl, 
vines, vegetahbles, etc: under the influence of price
for good Chianli wine, land use moves to a single
product system which is inuch more Iuicrative to 
the proprietor. If society were to insist, for aesthetic 
reasons, on continued multiple ose and diversified 
production (because visilor:, enjoyed seeing white 
oxen anid a mosaic of crops in each field), the farmer 
would be denied the opportunity to increase his 
income from Ihe minagem,,:nt of his properly aid 
a problem posed as to how he.coould be re(:uomplnn: ed 
for the denial of betler revenue or induced iot to 
proceed with the c:hnge.

Severai points eimerge from such evidence of
 
change. First, there is the reminder that land use

is dynamic, under the influence of changes of de
mnd, product prices, anil costs; Cregory's mnodel 
can test ti sensitivity of Ihe system to )'i:e aniid 
cost changes. The seconl point is that where land

is scarce (either any land or ln( of a particular
quality), suitable hill land does attract capital invest
ment and improvement whic;h makes intensive nian
agement necessary and multiple use tunlikely: it is 
the existence of more altractive investment oiportunities elsew,%here that keeps most hill land utndevel
oped. Third, an artificial retention of inilliple use! 
i ways represents a lost opportunity for the proprie

[or and a potenlial loss of revenue; atlmitledly, it 
may Ie more than offset by a non-markel Ieiieit 
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which accrues to another person or group, but (as opposed to lamb meat) and especially for wethersoleone must sustain the revenue loss. It may fall mutton, hason lhelproprietor 	 resulted in the steady reduction ofor it may be shared by society. wether flocks which, broadly, occupied the higherFourth, the increase in the intensity of land use and more remote sheep areas. There has beenand the accompanying re(luction of multiple 	 a use resulting concentrationpresenls fewest 	 on ewe flocks to produceproblems when the proprietorship lambs for lowland cross-breeding and fattening, andan(I the enjoyment of the multille products are in a marked increase in cattle numbers, by about 80%a single person or few people, and they present most in ten years (DAFS, 1975), from 261000prohlems when 	 in 1965the land is owned by one person to 478000 in 1975 (although this number has probaand the imnllil e us( services are enjoyed by society bly fallen somewhat in 1976).al large. 

The virtual withdrawal o sheep from the moreTile current situation in Scotland is an interesting remote hill one, in 	 areas has allowed sharp increases bothrespect of multiple use of hill land. Of Ihe
total area 	

in the area grazed by red deer and in their numbers,of the country (7.63 million ha) more than with the national herd increasing ly perhaps 	50%60'. (a bout '.68 million ha) is hill land, used as in 10 years to about 300000 head (RDC, 1976).rough grazing for domestic stock and wild animals, Concurrently with these changes a successful proapproximating the open range in the American sense, gram of afforestation has been followed on the lowerSome is bare moontain an(d quite unprodlLictive, for 	 hill slopes, tip to aboutalthough 	 500 m. In some instances,the peaks are not particularly high (up afforestation has been done by the existing landownto 1 100 m) the country is in a high l;,titude and ers, but more often has followed landthe vegetation 	 purchase byis similar to the middhe-allpine zone the Forestry Commission (the national forest author(Mc Vean and Ratcliffe, 1962). Most of the hill land ity and state forestry enterprise) or by a privateis in few proprietorships (between 300 and 400 
 forestry company. Since 1960 the Forestry Commisoccupy approximately :3 million ha), and 
area 

the hill 	 sion (F.C.) in the Scottish uplands has planted atisvery sparsely inhabited, n uch of it at less the rate of about 15000 ha per annum (rising fromthan 1 person per 100 ha. making it one of tbe most about 10000 to 20000 ha per annum: F.C. Annualempty parts of Elurolpe. McVean and Lockie (1969) Reports) anaid the private sector has achieved betweenprovide anl excellent modern account of land rise 6000 and 17000 ha per annum. The immediateinl upland Scotland. importance of the afforestation for other uses of hillThe Scottish hill land is not very productive land lies mainly in three facts: that the new forest(I)AFS. 1976): each 100 ha supports, on average, is not in the same proprietorship as the neighboringalhout 50 sheep alnl 5 hill calle.I The (homestic stock
is managed 	

range land; that in an effort to be financially successextensively, with very few fences or
improved paddo:ks, and as a result Ihere is casual 	

ful the new forest is composed principally of Sitka 
spruce (PiCea sitchensis)and Lodgepole pine (Pinusin uItiph Ieuse!. The natural woodland 

destroeyd 
has long been 	 contorta) which are productive but liable to severeover most of the area, anl Ille vegetalion damage by deer; and that it is fenced against domesis dominatel try heather (Camina vulgaris). On these tic stock and deer.
open hills there are many wil rel deer (the national Large 
areas of the Scottish Highlands are usedherd numbers ahouit :00 000) and, in the drier climate almost exclusively as sporting estates for grouse andof tl eastern IHighlands, the gaie hird red grouse (leer. Politically, the existence of these sportingis :omrinon. Bolh red deer and grouse are important estates has become something of an issue (Select
ani mals for sport shooting. The Iubhlic has effective Committee on Scottish Affairs, 1972), in spite of
access to the whole of the unenclosed land, although the fact that the ownershiphe proprietor may ask a visitor 	

of them results in aio leave if he is considerable private subsidydoing damage (e.g., disturbing Ihe stock), and in 	
from the city to the 

country. Large as these land holdings are, they yieldtheory coul (even call the police to make an eviction. a very modest revenue to set against the expense(Ii practice it is mt easy to prove the danage aid of their maintenance, and ait is ofthen extremely difficult 	 over large area sportto find a policeman shooting is the most productive land use availablein the liiddle of the Highlands.) and provides more employment than supposed al-The l)alltterni of use of the hill land in Scotland ternlatives.has heIn c:hanging quite markedly over the last 20 Foreslry and agricult re were explicitly excludedy/earsI
allilogh it is prolale that all the elements from the terms of lit(eof lension ail factors for 	 Town and Country Planningchange were present a (Scotland) Acts, sl that there is no positive directionlaindred yvar's ilgo, alheil with differences of empliha- of rural phiniiing. It is notable that many authoritiessis. The hill farinig problem has been basically each have responsibility for a narrow sector of ruralin ec:oaruic one, with lal or costs (which may be affairs: The Nature Conservancy Council, the Forest50% of totad costs) iricreasing inore rapidly than ry Commission, Countryside Commission for Scotproduct paices. The ,(leclinein demand for mullon land, Red Deer Commission, Hill Farming Research 
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Organization, Institute of Terrestrial Ecology, Depart-
ment or Agriculture and Fisheries for Scotland, etc. 
There is no single body responsible for rural plan-
ning, monitoring, or management. 

As the economics of holding hill land have become 
more adverse, with rising labor charges in particular, 
pressure has arisen in almost every system of pro-
duction to achieve a better financial result. 'he 
tendency has been the expecled one: the concentra-
tion of investment in the places where it would 
be most productive, in reseeding and draining the 
better land for improved grazing systems and af-
foresting the lower hill slopes. The withdrawal of 
domestic stock from the higher hills (either coin-
pletely or for a longer period each year) has been 
accompanied by an increaise in deer numbers (RDC, 
1976: Mutch et al., 1976). Deer present a sharp point 
of conflict where they migrate to taslow ground, 

they do normally each winter, whether to forest or 
improved farm land. 

Concurrentlv with these changes. there has been 
a large increase in the number of people using the 
Scottish hills for recreation, from within Scotland, 
from England. id from abroad, 

All these elements combine to make for change 
in multiple use :ind the creation of problems for 
those concerned with resource allocation, 

In broad terms there is little conflict between the 
traditional extensive hill sheep system and grouse 
shooting. Both the sheep and the red grouse take 
the young shoots of heather as food, and it is possible 
so to manage the heather by rotational hurning in 
small patches or narrow strips that sheep and bird 
populations benefit. At this low level of factor inputs 
(basically vegetation management by controlled 
burning) the two syslems have a wide range of 
compatability for multiple use. The grouse, however, 
is heavily dependent on the heather being burned 
in small patches (Jenkins et al., 1963. 1967), which 
is labor intensive, whereas the sheep system can 
be sustained on less closely controlled burning. As 
the economics of the system become more difficult 
and labor in remote places scarcer for controlled 
burning, the two systems art less compatible; expen-
sive small-mosaic burns must be justified by grouse 
revenue if they are to be achieved, since the sheep 
enterprise does not expect to carry the extra burden, 
Whele sheep and grouse are in the hands of one 
proprietor this conflict may be ignored or obscured 
for some time, but where thegrazingand the shooting 
are in different hands, it is more obvious. 

In a 1974 survey of game shooting and land use 
in the Scottish Highlands, a sample of 94 estates 
totalling more than a haIf million ha reporled 82 000 
grouse shot in the season, at a mean rate of 15 birds 
per 100 ha. The highest mean for a class of estates 
(36 properties with mi!xed grouse, red deer, a n(l 
domestic animals) was 37 birds shot per 1(10 ha. 
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The survey data (to be published shortly) show that 
the grouse hag is poor on areas from which domestic 
stock has been withdrawn (2 grouse shot per 100 
ha). 

The comopataability of grouse shooting and sheep 
grazing has been extended and supported by the 
constraints which some landlords who retain the 
sport shooting have placed in the leases of their 
tenent sheep farners in the past, whereby the numlnber 
of sheep which may graze the rented area has been 
restricted. As the economics of slq)farming becaime 
more difficult after 1950, especially with the increase 
of shepherds" wages, there was a strong incentive 
to increase the nunber of ewes per holding. In 
practice some leases which specify maximum 
numbers of sheep to be grazed are not enforced in 
that respect, bul the condition was a tacit admission 
of the potential competition between the systeis. 
Certainlyia move in sheep husbandry towards pasture 
reseeding seems inevitably to reduce the compatabil
it y of sheep and grouse. The complete replacement 
of heather by grass must inevitably reduce the 
capacity for grouse breeding [iecaluse of their strong 
food preference for heather. Even in a partial reseed
ing the concentration of husbandry and investnent 
on one part of the farm, using tie higher hill as 
an out-run, makes the care of the heather land less 
urgent than formerly, so that there is a weaker case 
from the point of view of sheep production for t he 
labor-intensive patch burning on which grotiv re
main dependent. Ilview of the high rents currently 
available for grouse shooting, amounting to about 
f150 per gun per day (say, $ 260) for good shoots, 
there is no likelihood of the grouse system dis
appearing, but it is probable that there will b e 
continued specializationl towards monoculture. 
The position in respect land i by red (eerof use 

is similar. Red deer make use(of approximately 3.1 
million ha in Scotland, although perhaps only 1.6 
million ha exclusively. An experimental farm has 
been established at Glensa ugh, an upland farm not 
far from Aberdeen (Blaxter et al., 1974), to slutdy 
the possibility of intensive husbandry and domnis
tication of deer, but there is no likelihood of the 
results being applietd to the maiii wild deer area 
in the high mountains, even if complete success 
of the farm trial encourages venison farming in Ihe 
uplands as an alternative to other animal husbandry. 
The main pressures on the wild deer system arise 
from rising labor costs and from its increasing 
isolation as improveod grazing and forestrmy occupy 
the lower hill land and deny to Ihe deer whial was 
formerly the wintering grotuml of a much smaller 
national deer herd. 'I'he Red l)eer Commission, in 
evidence to the Select Committee on Scottish Affairs 
(1972), said that "In terms of revenue, deer them)
selves are riot a viable proposition." Nevertlieless, 
prices have increasedI recently; stag shooting may 



MUTCH
 
be let at £50 or more per head ($18) and venison Committee was that specialized use is an automaticnow fetches E1.20 per kilogram ($2.10) for the result of the increased pressure, be it increasedcleaned carcass (larder-weight) (Mutch ef a]., 1976). pressure of recreationists or tourists, or increasedSystems of land tse in the hills are under pressure pressure of the proprietor, private or state, uponto become more productive, to yield a higher return the manager to produce a better financial result.oin invested capital, to give more timber or more The normal result of increased pressure on a landanimal prodlucts in order to meet increased wages use system is towards specialization and away fromor a wider margin for the operator's income, and, multiple use.in addition, these systems are under pressure from The impending further loss of multiple use washigher demands for non-priced recreation. In Scot- obviously unpalatable to the members of the Comland, as elsewhere, this process has involved the mittee who even considered the possibility of main.omin itimenl of more expenditure on such items as taining the status quo by means of compensationroads, fenc:es, iTineral fertilizers anti machinery, and payments to proprietors to persuade them to foregoon housing, purchased feed, an(d veterinary c:are for the financial advantages of intensification in orderstock. The scope and general possibilities of such to allow the multiple use to persist. The evidenceintensification may he seen in an example from West of the National Farmers Jnion of Scotland was thatScotland. At Fassfern, a hill farm of 2000 ha, the if strictures were to be put upon their industry orformer extensive management carried a stock of 500 on indivicdual farmers13lackface ewes, 100 young sheep, and 30 cattle; the 

as to how they should farm 
their land, compensation would be required for thoselambing percentage was 65%. Since 1970, Farm strictures.


production has leen intensified on 360 ha, at a capital

investment of about P£50,000, allowing the remainder 

My own view is that man's increasing require
ments for indigenous production from the land willof the property to be put under forestry plantations, gradually force the abandonment of extensive proat a net investment, with roads, of a further B130,000. duction systems which allow multiple use, and theThe low productivity traditional hill farm has been acceptance of closer husbandry of plants and anichanged to yield more on only 20% of the area; mals. In Scotland at least, I expect this progressionthe sheep stock is still 500 ewes, but now lambing to include a reintroduction of animal transhumanceat about 120%, with 120 hill cows. Total labor which was used successfully as a production systememployment has increased to nearly ten times its for centuries before the country was forced into theformer level (Mutch, 1972). The justification of high grazing system which has now, become familiar tocapilal investment, however, forces management to us. An indication that transhumance may prove bothstop the leaks in the system which produces its best financially attractive and sustainable in modernpaying product, each system becoming unable to conditions lies in the successful research and decarry the subsidiary products of casual multiple use. monstration of a limited form of it on the farmsAs at Fassfern, therefore, the sustention of unpriced 

of 
the Hill Farming Research Organization. A fullybenefits (such as environmental diversity anti nature developed transhumance system might well involveconservation) in the intensified situation requires a substantial change in the tenure of hill land, orplanning ani dcelihera te provision in special areas.In 1971-72 at least a redrawing of farm boundlaries, but it wouldlouse of Commons Committee, the have the advantage of using more 

a 
fully for domesticSelect Committee on Scottish Affairs (1972), consid- stock the lanl extending to about 3 million ha nowered landt use in Scotland, the allocation of land used largely by wild red (leer. As a result there
resources, land improvement anti multiple use, tak-
 would be a strong economic incentiveing evidence from a very wide to reduce range of users or the population of wild ldeer, and in this way bothorganizations responsible in some way for land use forestry and farming would he relieved of the threatsystems or their research. The evidence of the Nature of periodic. incursions by large herds and of theConservancy concluded that dturing the last thirty high cost of fencing against them. Whether transhuyears there had heen greally increased pressure to mance of domestic stock develops on a large scalemaxiinize Ihe potential production of land in the in Scotland or the trend towards monoculture conform of a manul crop io., man and a pronounced tinues, it seems inevitable that multiple ue willmove towards ionocultuiral systems; this opinion diminish, at least in the present casual sense.was iot refuitedl or shaken by other evidence. Never- What proprietorship of land inans is a difficulttheless the Committee found there was complete issue on which, I snggest, standards are neitheragreement among witnesses that the move towards unchanging over time nor universal. Many privatemonocultures containel much that was undesirable. lanlowners in Scotland havT subscribed to someIt was as if nmultiple us( were ceasing just when degree of stewardship (as against a right tothe pressure ol land systems made it actespecially completely arbitrarily), and most have shown toler(hesirable and valuable that each ha should "do ance of public access tol hill land except at times(loublh-thnly." My own opinioin and evidence to the of the year when stock is specially sensitive to 
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disturbance (as at lambing) or when activities such 
as deer stalking are actually taking place.

Nevertheless, I suggest that the capacity for ac-
commodating multiple use in Britain, and prohably
in Europe as a whole, is quite different from that 
in the United States of America. The United States 
has about 4 ha of land per inhabitant: Britain has 
approximately 0.4 ha per person. In any country
where there is a relative abundance of land there 
is a likelihood that a high proportion of land, and 
especially public land, will be combined with a small 
amount of capital per unit area and that multiple 
use will be normal. In this situation literature and 
even legislation do no more than confirm the normal 
state of affairs and formally recognize its desirability.

Where land resources are scarce. isin Britain 
where half the food and 85% of the wood anti lumber 
products consumed are imported, it is difficu ltto 
be convincing that productive land resources should 
be kept artificially underused for production so that 
multiple use can occur, in spite of the fact that most 
people prefer the appearance of the multiple use 
situation to the intensified one. 

This is even more clear in the Netherlands where 
dense human settlement and intensive farming on 
a small land resource are such that public access 
as casual multiple use is seldom possible; the Neth-
erlands State Forest Service (1966) has estimated 
the area of forest and open countryside at less than 
340 m - per head of the population. The strong
demand for public access to forest has caused the 
forest service to put access or nature conservation 
before timber production as the prime management
objective over most of its area, but since the state 
owns only about 16 U of the total forest area, much 
of the demand remains to be met on private land. 
The Dutch government offers the incentives of large
cash payments and tax reductions to induce private
proprietors to allow casual public access and to 
promote nature conservation on private land. Private 
land proprietors may receive an annual payment
towards the costs of opening (paths, sanitation, etc.)
and costs of conservation, on a reducing scale with 
increase in the area of the property: 

For the first 50 ha 
D fl 60 per ha (P,13.26 or S23.16 per ha) 

For the area 50 to 100 ha 
D fl50 per ha (f,11.10 or $19.30 per ha) 

For the area 100 to 200 ha 
D fl40 per ha (1,8.84 or $15.44 per ha) 

For the area 200 to 500 ha 
D fl30 per ha (f,6.63 or $11.58 per ha) 

For the area over 500 ha 
D fH20 per ha (C4.42 or $7.72 per ha) 

(Source: Netherlands Ministry of Cultural Affairs,
Recreation and Social Welfare) 

Municipalities also qualify for the paymen ts in 
respect of their forests. These paymets are additional 
to the support given to private landowners in partial
remission of property tax and estate duty under the 
Netherlands' 1928 Natural Scenery Act, generally
for allowing the public to walk in the voodlands 
and accepting state supervision of management for 
25 years. Taxes may be reduced to less than holf. 
The agreement is voluntary and proprietors 1my
withdraw their woodlands from the scheme, but i' 
they were to do so within 25 years they would have 
to refund the taxes remitted (Netherlands State Forest 
Service, 1966). In addition to the payments to l)ro
mote the multiple use of private land, very large 
resources have been allocated to create areas for 
public recreation. A famous examle was the 895 
ha recreation area made in 1934 on the edge of 
Amsterdam, hut more recently approximately one(
third of the 44,000 ha polder of South Flevoland 
has been designated recreation forest anti nature 
reserve, with similar areas going to farming and to 
urban and industrial development: at 1970 values 
this land cost approximately f;1,000 per ha ($1,740 
per ha) for reclamation. 

In Scotland at present ihe major pressures which 
may lead to sub-optimization on hill land are not 
those concerned directly withIi public recreation, but 
arise rather from a concern over the afforestation 
of treeless land and the latent conflict between large
herds of migratory deer on mountains above the 
tree line and new forests on their present wintering 
grounds. 

One of the strongest objections to specialization
in land use (and particularly to monoculture) is that 
the financial advantage of the new system to the 
proprietor may be short-lived and achieved only at 
the cost of long-term deterioration of the nasic 
resources: that the specialization will not be a sus
tained yield system. This is implied in much of 
the literature on the subject and even in the I.S. 
Multiple Use-Sustained Yield Act of 1960. 

There have been many clear examples of unwise 
specialization which warrant the anxiety expressed
in the literature, hut it should not be taken as the 
corollary (although it often is) that a multiple use 
system, per se, insures sustention. The common 
extensive grazing system of the Scottish Ilighlands, 
as has been shown, offers a large amount of multiple 
use, but there is a strong probability (for instance, 
see McVean and Lockie, 1969) theft over most of 
the area this is a (legrading, non-sustaining system.
Similarly in forestry: it seems a rash assumption, 
and basically illogical to suggest, that multiple use 
guarantees sustention, or even increases Ihi! likeli
hood of achieving it, in a harvested system. The 
evidence is rather Ihe reverse: low input nianagenmeot
systems offer opportunity for harvesting which can 
deplete the capital (either deliberately by the opera
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tor, or casually owing to inadequate monitoring), able approach and whether it will be sustained orwhereas in intensive use the operator who 'Las not. Do you have a feeling whether multiple usecommitted a large capital to the system has a strong will cease to be a viable option in terms of per capitaincentive to insure that it is maintained unimpaired land availability?
in its productivity. l lorticulture and intensive animal Mulch. In that scale between 4 hectares and 0.4,systems offer numerous examples. Where there is no, I don't have a precise figure to Iut on it. Indeed,a conflict of principles, multiple use is infinitely it may bg. dangerous to look at this in terms of simpleless important than sustention. averages alone because obviously die eastern part 

of the United States is heavily populated. One could 
REFERENCES choose particular countries which are just as heavily

populated as Holland. But I think that the existenceBlaxtr, K. L., Kay, R.N.It., Sharman, (;.A.M., Cunningham, .M.M., of investment opportunities or tLe pattern of investand Iamilton, W. . 1974. F'rning the red deer. Dept. Agr. ment opportunities on agricultural land and forestI)lAFisheries for S otlnd. M.S.O. Edinburgh. ct9n. land does make a clear distinction between theAFS. 17,. Agriculture in Sotland. Rept. Dept. Agr. Scotland. closely settled areas of the eastern United Statesl.M.s.o. Edinturrgh. and Dutch situation. I think that for a long time 
f197. Agricus ral statistics 1975 Scoind. Dept. Agr. it will be convenient and entirely appropriate and

Old Fisheries for Scotland. li.M.S.O. Einit irgh, p. 142. 
East of Scotlanl College (of Ag icultire. 1976. Profitability of 

u s
natural for the United States to expect multiple usef,irming in soith .,.it S,:o:land 1974/75. Hull. 10, Edinburgh. to remain a viable proposition on public lands and

F. C. Annual Reports (variiuis): Annual Reports of the Forestry on quite a lot of privately owned land. ButCommissioner,. 1.M.S.() thisLondon. is certainly ceasing to be the case even in Scotland,
(;rgory, (. R. 1955. An eoo(mic approach to mulliple se. parts of which are extremely sparsely populated.Fort,st Si. 1:0- 1:t. Even there, the pattern of investment opportunity
Jenkins. D)..Walson, A.. and Miller. G. R. 19:1. Populalion studies indicates that land which is sparsely populatedOD red grouse in north-east Scotland. /. An. Erol. 32:317-76. itself does offer effective investment opportunities

in 
. 1967. Populatlion flchialions in tlhe rvd grouse. 1. '.i for agriculture and, therefore, it is tending even there".:ol.36:97-122. to go towards intensive use and towards monocul-

Knowlhs, R. L., Khomp. I. K., and (;illingham. A. 1973. Trees lure. If we want to retain the nature conservation'I grass-an oplortnity for the hill country farmer. Proc. areas and so on, then we have to move towardsRmaAura Farmrs Conf., pp. 110-21.lvi: Vea , II. N. dnl Lo kie, J. 0. 1909. Ecron ' ad land use 
the situation of providing explicitly for them by 

in ulad ScoaNd. Edintirgh lit y. rElss, turningthe over areas as nature reservessame is becoming and so on andtrue of recreation areasMcVan, 1. N. ,rod Ratcliffe, ). A. .Plant communilies of well. We have not asyet reached the situation ofthil, Scottish Ihighilnds. Natur' Conservain:y Monograph 1. 
II.M.S.(). toiho . Holland. 

Muth. w.E.S. 1972. Study of comhined land uses: ,assfern, T. J. Maxwell (Scotland). You stated that you thoughtnerniss-shire, p. it. tlroa way,England: Roman Press. intensive management systems would tend toMullh, W.E.S., Luikie, I. D.. and Cooper, A. II.1976. Red deer clude multiple land 
pre

use. Now, admittedly one hasin South Ross. I)lt. Fonstry and Nalural Resources, University to think of intensivity as a relative term but I wouldof Edinthurgh. have thought that our own particular opportunities
Nitihertimis St'iate Forest Service. 1966. The task of the State. for multiple land use in Scotland between,orsltsese s forForestStrvice ill the N ,therlands,1). -21. th~rm.1-h.trheer.Nedhrrhnds: example, agriculture and forestry, particularly where 

RUC. 1976. Annual report of the Red Deer Con!,nission for 1975. it would tend to remove land from agriculture, thatII.M.S.(i. Edinhurgh. could come about without necessarily reducing the
Seledt Cllnumitlv:e(il Scoltish Affairs. 1972. Land resources use opportunities for viable production in agricuIture.in Stcotlamd. Ilouise of Commons PapIer 511: Session 1071-72. This would occur if, in fact, agriculture were toII.M.S.(. L ndon. intensify its level of production on that kind of land. 

I was wondering if you'd care to comment on that. 
Mulch. This is enwrely so. The way in which land 
use is tending ltogo between forestry an(l hill farming

DISCUSSION is towards the segregation of uses and this is most 
helpful. We have existed for a very long period,R. F. Barnes (Maryland, USA). You gave as an two or three centuries, on rather slack managementexample of the intensity of population ill the United of our uplands and there is a fair resistance to change,Stales a figure of 4 lectares per capita anti 4/10 but what can happen wlen afforestation is well doneforIbe IJited Kingdom and indicated tosome extent is that land which is not immediately required forthat the differences between pressures as they inten- intensive agricultural use can go into forestry, andsify will determine whether multip I use is a reason- indeed the transfer, the sale of some of that land, 
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out of slack hill farming may in fact finance the 
agricultural improvement on the better land for new 
farming systems. This is certainly happening. This 
is not multiple use; this is in fact a reallocation 
of resources which are in casual multiple use into 
two more intensive systems and if it's well done 
then in fact the sale of land finances the intensifica-
tion. There is a big opportunity for improvement 
both for the improvement of agricultural systems 
and for a very considerable afforestation program 
leading to substantial increases of productivity from 
the hill areas. 
E. deVries (Pennsylvania, USA). I want to reaffirm 
what you said about the motivations and the situation 
in the Netherlands where the average per inhabitant 
is 0.2 ha rather than 0.4 in Great Britain. As you 
say. the intensification amid the choice of one system 
does not mean monoculture. That very often is the 
case for the choice, as we 1- ard in this symposium 
from many people. between the diversified pattern 
of agriculture and monoculture because even in the 
Netherlands there is an attempt for one proprietor 

to have more than one crop, woodland and grassland, 
cropland and vegetable, on even one little-a couple 
of hectares-enterprise. I would suggest that also 
applies to what the chairman just said about the 
United States. Transportation distances and trans
portation costs are very important. Now for the public 
going into nature, distance becomes hiss important, 
but because of transportation costs for products, 
clistance is more important ad there is also sie
thing where planners and lhnd use people and 
governments looking at zoning and that kind of 
hing, may have to consider the greater mobility 

of people and the relatively lesser mobility of prod
icts. 

Mutch. I do accept what you say. I think that the 
big lesson that the Netherlands has to offer is along 
the lines that you mentioned and also the fact that 
society as a whole has come to the conclusion that 
it must pay in order to insure multiple us(e of what 
was hitherto privately owned and exclusively used 
forest land. I think this is a lesson which many 
countries will have to take on board. 

113. 
Integration of Horticultural Crops with Cattle and 
Tobacco Enterprises in the Appalachian Area of 
Western North Carolina 
D. D. Robinson 
Agricultural Extension Service, North Carolina State University, Raleigh, North Carolina, USA 

From a high peak, the wrinkled brow of the world's 
oldest mountain stretches out in a jumbled heap 
giving rise to streams that cascade across narrow 
valleys depositing the soil from unnumbered years 
of mountain erosion, leaving small areas of culti-
vatable land. On their journey toward the sea, they 
pass by 12880 farms averaging 30 ha per farm, with 
4 ha being classed as cropland dad 7 ha pasture.' 
Size is not the only limiting factor, 

The land is steep, up to 70% slope-too steep, 
and the soil is too shallow for much farming. Eleva-
tion ranges from 365 to 2012 m and seasons at the 
higher elevations are too short for crops that are 
successful in lower mountain areas. Thus,the neces-
sity to find suitable alternatives-not only for small 
farms, but for varying climatic conditions. 

'19I9 Census of Agriculture 

During the past 40 years, the number of farms 
has decreased from approximately 32000 to 13 000 
-brought about by the need to increase incomc 
from off-farm employment. During the 30's and 40's, 
mountain people got by the best they could-picking 
up work here and there, as mechanics or carpenters, 
growing a few beef cattle, beans, burley tobacco 
(averaging 0.24 ha per farm), rutting pulpwood, or 
even gathering roots and herbs. During the 50's and 
60's, the area began to feel the inpact of industry, 
and many of the younger people left the farms to 
find a better way tf life-not because they necessarily 
wanted to, but because of the need to earn a living. 
This resulted in oul-niigration from the area and 
certainly from the farm. The 196!(:9 census indicated 
a Iop lation of 400000 ranging from a low of 5 1110 
in the smallest county compared to 1450(100 in the 
largesl. These peoplel, along with ai i nflix of tourists, 
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people building retirement homes, etc, compete for was $2,987,750.2 In 1975, apples accounted for $15.2limited land and financial resources. The census million, down from $23 million in 1974. What causedfigures also indicate that farm operators average 54 this increase? First, it was necessary to get potentialyears of age with '1/4 under 45, 1/4 from 45-55, producers interested: this was accomplished through1/4 from 55-65, and 1/4 over 65. Sixty-five percent developing long-range budgets to indicate the profitare parI-time farmers, with 37% being under 65 years ability, by setting up tours, meetings, and includingof age and working off the farm 100 days or more apple production as a complementary enterpriseper year. Twenty-one percent are classed to 

as part-time cattle proluction. Demontrations of varieties, fertilretirement farmers (over 65 years of age). ization, pruning, thinning, desease, and insect con-During the past 40 years, the role of the Agricul- trol were established as methods of insuring thatrural Extension Service, North Caro)lina Stale Uni- new producers would be successful. The effect wasversity, in cooperation with the 'Innessee Valley the addition of many producers, mostly young, manyAuthority, has been designed to a,;-.it small farmers who had finished college, who provided a soundin solving problems relating to agricultural prodci- base to an ever-expanding enterprise. Presently theretion, farm management, marketing, and the acquisi- are 33 marketing and/or storage facilities and onelionr of farm inputs, including capital. The programs new processing plant serving the industry: all bulhave been modified and updated. Our first effort four are privately owned. As mentioned earlier, thewas in establishing tests and demonstrations aimed 1975 income of $15.2 million was short of the 5-yearat reducing soil erosion, establishment of land cover, goal of $18.9 million, but during a good productionand the introduction of proper fertilization practices, year, 1974, we exceeded the goal by $4 million.
in support of the toba cco anlid cattle economy. Current Strawherries seemed 
to offer an excellent alIternaefforls are designed to introduce new enterprises tive as a crop tothat :oul provide high returnsan( the su',)sequent introdluction of new technology, limited land and investment as well as utilize availupgrading levels of management, and improvement able labor. Concentration on this crop began in theof efficiency to provide a more comfortable level early 60's as we embarked on a five-year long-rangeof living on the farm. planning effort-"1.6 in 66." Although strawberriesThe first 20 years of our effort was, in the main, were not accepted as wer.as anticipated, they (liddirected toward erosion control and pasture im- provide many families with additional income. Inprovement necessary to keep more cattle. Decreasing 1975, income was $1.2 million. During the latterbeef prices in the early-to-mid-50's and increasing 1960's we were involved in another long-rangestandards of living, caused many mou ntain farmers five-year plan which was termed "'Target 2." Objecto find off-farm or part-time employment. At the lives in both planning periods were aimed at insame time, these, plus other factors, caused the North creasing income. (The first from $1.2 to $1.6 millionCarolina Agricultural Extension Service to reassess and the second from $1.6 to $2million.) Goals forits educational efforts. In 1956. we involved a group each enterprise relevant to a given county and districtof leaders (Advisory Boards) in each county in were established. In establishing goals for "Impactidentifying problems, defining needs, setting gua!s, '76" (our current long-range plan), we projectedanrid establishing direction for future program efforts. strawberries to reach $1.5 million by 1976. tut basedA para.mount idhentified need was that of 'more on observations of 1975-76, we expect to level offincome.' Of the more promising possibilities, it in the neighborhood of $1 million.appeared that inlensive horticultural enterprises During the period of the 40's to the early 60's,could provide a high return to limited areas if the mountain area was noted for the pridtction ofcropland, even though labor inputs were high, and beans and potatoes, with some (:abbag, being proknowledge relative to produCtioii was limited. In duced in higher mountain elevations. Initi,lly, manyestablishing direclion, farm leaders and Extension new horticulturdl crops cam he produc:d in smallagents sought to vork on those thai could hest h areas as long as the competit)ion has to als() produceintegrated into tihe already existing enterprises of by hand labor: however, when technology idvan(:escattle and tohmcco-liolh from the staldpoint of labor to the point tha)t mechanizatio)n is develold, tles(sul)p!y anmd labor conflict as well as the limited crops move to areas of least lroduc(tion costs (large(:roplii(l areas aid small tol),cm:o ,lotnments, which holdings) as experiencd with l)oans aril lt,ltoes.at that time were nor-tr,msf(r,bleh To repla:e this income. ittention was focused onSeveral new enterlirisi-s wer inlroduced and olher enterprises that would give high relurns toexpanded as a result (if this efforl to ind:rerse Lirn land aind labor. One of the inire fascin,iting is :heincome. product ion of Fra ser fir (Ahies r,.sri) for Christmas
Apihes. atsin enhtrlirist'. h,ol been estiblisheld,hut acc:epted (illy by a l'w lirodcers, (!'en in All iuom' fgors ar lk(in from Ofhl,lt' nllyI' hi n sioncoiurnties where soil aiid (:linlalic conditions w'ere 'slim l's of igromi,:tural inc otm, ri'ortedand ai in hrns ofmost favorable. In the mid-5o's, income from apples ,:rr.ni dollars. 
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trees. Fraser is native only to a few selected sections 
of the United States-particularly in the higher
elevations of western North Carolina. Getting farmers 
to accept a new enterprise is an involved process-
ranging from result and method demonstrations to 
just plain salesmanship. Most of all, it requires that 
the enterprise be a profitabletie-lip ofresources. Tebe prodluced w.ith minimal one, and that it can 

of rThe 
Extension agent working with farmers must be a 
dedicated promoter and exhibit a high degree of 
technical knowledge. As is usually the case of newer 
enterprises, very little technical production informa-
tion is known:' therefore, it is necessary that the 
Extension agent, the Extension specialist, and the 
researcher establish research plots on cooperating 
farms to look at such things as types and rates of 
fertility, pruning, tree quality. etc. as they affect both 
rate of growth and quality of tree. By 19f75, income 
had reached $3.1 million-S1 million above that 
projected for 1976. This year it is expected to exceed 
that since all trees have been sold for several months. 
This crop currently gives a gross return of $4,706 
to $5,683 ha/yr, depending on spacing. Farmers also 
are presently producing sheared white pine (Pinuis 
strobus). 

One of the more interesting enterprises-both as 
a crop and from the standpoint of Extension efforts 
to help increase farm income-has been trellised 
tomato production. 

In 1957, one grower produced 1 ha. The resultant 
story, almost a parallel te the "Cinderella Story,'
has been one that more closely, exhibits the impact 
of a new enterprise on the economy of an area than 
any that I knov of. In 1958. 7 ha. with 30 growers 
in 2 counties, were involved. As i result of records 
of returns compiled from the 1958 crop and subse-
quent efforts of agents to present the results to 
potential producers, over 121 ha were grown in 1960. 
Ten years later. 522 ha were being grown by 1846 
producers. Gross income was S4.9 million. Let us 
look at the cumulative effects of this crop on the 
economy for the first ten years. 

During the first ton years S32 million of toma-
toes were sold. To handle the crop, 17 packing 
plants were built with a cumulative investment of 
S1.073,500. Employment within the plants in grad-
ing. packing, and. shipping imreased payrolls by 
$2.4 million, 

Laborto handle the cropaimounted toa cumulative 
total of 9.4 million man hours, giving part-time 
employment to many (aged, women and children)
who could not have been g,.infullv emplovd else-
where. To look at the effet of 1he crop on siles 
of imputs, let us examine! what wais involved in 
production by following Ihe (:rop on a seasonal bas:.,. 

EXPENDITURES 

a. To fumigate plant beds required $234c00 for 
methyl bromide, $71,000 for plastic, phla bed cover, 
and seed. 

b. Fertilizer and lime costs were estimated at 
$940,000.c. Plant setters, stakes for trellising, and stake 
drivers would have cost $267,000. 

d. A most astounding expenditure was in the form 
of wire and twine for trellising, anountingto $99,542 
for wire, and $3t34,830 for twine. A lot of string 
by any method of measurement: however, necessary 
to support a crop whose highest yield has been in 
excess of 209 MT/ha. 

e. Growers spent over a half million dollars for 
1 349 power sprayers and over$600,000 for irrigation 
equipment. 

f. To handle the crop required an investment of 
$200,000 in field ",oxes and to haul the crop to 
market required a: additional investment in trucks 
of over $300,000. 

g. To pack this crop required $2.2 million for 
wrapping paper and packing boxes. Additionally, 
$984,000 was expended in the form of brokerage 
fees. 

These figures do not ii,1de tractors bought, even 
though 154 small ones were purchased for $94,000. 

IMPACT ON ECONOMY 

The fact that the economy has been affected is 
no longer questioned by those actively involved. 
If money has a multiplier effect of 7, as sone 
economists claiin, the total impact woul haveIbeen 
$224 million. More conservatively, with a multiplier
effect of 3, it could have amounted to $96 million 
in impact on the economy. The real impact, however, 
can only be measured in terms of new bathrooms, 
remodeled homes, refrigerators, new homes, etc. Or, 
perhaps the full impact cannot be measuredf unless 
one could envaluate the (ontribulion that boys and 
girls from these families will make to society as 
a result of their securing additional education. 

You might ask the question, what has happened 
since? Ilectares h,ve r clined to approximately 218:; 
however, 202 ha are being grown in adjoining 
districts and states by many of our ex-producers
(du( to clinatic locational advantages. We have 
mechanized, changed cultural practices and( variet
ies. Income has ranged around the $4 million mark 
yearly in the mountainf; and younger producers with 
large areas are replacing the odier ones. If it folded 
tomorrow, the resulls of] peoples, lives would have 
ben worth Ihe effort, 
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Sometimes in withareas limited resources, we 23 (almost one-fourth) put out plant material andfail to recognize that restrictions can also be unused the waiting list is growing. Additionalresources, demonwater, climate (cool nights), native vege- strational plantingstation, etc. were set up in several counties. 
Certain species of 

Some people estimate that we have the potentialplants are native to higher for a $10 millionelevations. Among these are 
income from these plants. Thethree species of rhodo- impact on people in a community whose incomesdend ron-catwhipns., maximum, and carolinian- are so low that only poor housing exists, wouldurn. Also there is mountain laurel (Kamia latifolia) be significant. Asand several more people get involved it isspecies of native azaleas-all of which necessary that we develop technology to insurecar be transplanted from woods to lawn. Competi- success. This wef;on from overgrowth of other plants ha.,; caused dis-

have, and are doing, with applied
research plots on rates oftortions which make growth resulting fromthem unsalabhe. They need to different rates and types of fertilization. Income frombe "cut back" and transplanted to fields, then in ornamentals was $3.6 million in 1975-up4-5 years (lug, burlapped, and shipped fromto market, approximately a half millionOver the dollars 20 years ago.years the demand for the plants has been An associatedresponsible for a depletion of available Plant materi-

income from greenhouse production 
was at a conservative figure of $5.6 million in 1975al . This situiation makes it necessary to look at as compared to nearly zero
nwthods of propagation in 1959.
that can be used to obtain These enterprises represent only part of our effortsfield stock. Efforts to propagate from cuttings have to integrate horticultural crops into an otherwisenot been as successful as with hybrid rhododendrons cattle and tobacco economy a fewof years earlier.and izalas. In October, 1974, research work was In the meanwhile, it is interesting to look at whatstarted by sowing seed in several types of melia. has happened to economy: cattlethis beef haveThese were transplanted to sectionized flats on increased from $6 to $12 million,:' dairying hasDecenber S, 1974, and had achieved 5-8 centimeters jumped from $8 to $24grow,'th million, and tobacco hasof by February 10, 1975. Later they were increased from $13 to $18 million. Other fruits andtranspllnted to varying types of soil mix and by vegetables have increased from $5.1 to $15.2 millionNovember, 1975, had grown to heights 30-46of through the additioncm. These were transplanted to fields in 1976, and 

of crops such as trellised
cucumbers-another new enterprise which is apthe results look promising as a source of field stock. proaching the $1 million income level.Over the past few years most 

has been limited to 
of the production In finding enterprises that can utilize existingone county, due primarily to: resources, it pays not to overlook our streams which(a) producers who started the enterprise, developed

their own market and (b) in many other areas where 
can grow trout, and which in 1975 accounted for 

the enterprise could flourish, producers have limited 
a gross income of $2.3 million. Recent research on
potential indicates that if expansion is muchknowledge Potential are willing to 

to goas to and not beyond present levels, to a level large enoughwait 4-5 years for payday, to
supply a large processing plant, a big jump inIn order to expand the enterprise a special demon- production necessary. Thisstration project is may not be feasibleaimed at helping limited resource 

farmers increase income was started in 
even though this research does indicate a profitable

1973 in a margin between costs of productionsmall mountain community. There are 100 families, market prices which are 
and present 

derived from sales from
with 60 making less than $5,000 per family per year catch-out ponds, from dressing and selling to restauand one-third making less than $3,000. (Only 8 rants in limited amnounts which supply the demandfamilies sold $250 of farm products per year.) Their from the tourist industry.background was one of vorking in the pulp and During this presentation we have looked at enterlumber industri This isproject a cooperative one prises that have been integrated into abetween NorthI system of- arolina State University, A &T State farming common to mountain-type agriculture. TheUniversity, and the Tennessee Valley Authority. Ten resultant effect has been to increase total farm incomethousand dollars was set aside per y'ear for five years from $58.9 to $123.3 million in 17 years (currentto provide funding for l)urchase of "cut-back" sto(:k dollar comparisons).
(tip to 2000 Plants per year Per cooperator). Thus, 
a given coopera)tor by setting ot 2000 plants per
year with 801,%, saleable plants, could gross $4,1100 
per year at today's prices. That is its much or moretha n lt income co parisons in this presenationmake per ye;ar now. Only. thiree fa nlis arein lerms ofmany current d to.hirs al fron county Exhmnsion yearly estimatedwould agree to l)lanling stock in 197.1. This year inconle. 
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If we have had any degree of success in increasing 
income within the agriculttal sector of our economy 
in western North Carolina, it is due to several factors. 
Some of the more important ones are: 

a. The involvement of lay people in an analysis 
of the agricultural situation in our area and in 
projecting future direction. 

b. Agents' and specialists' review of production 
information from otherstates and visits to these states 
to observe production practices, where applicable. 

c. The cooperative involvement of the Agricul-
tural Extension Service of North Carolina State Uni
versity and the Tennessee Valley Authority in fertili-
ty demonstrations that has resulted in finding the 
best rates of N, P, and K to use on crops. 

d. Cooperative involvement of the Experiment 
Station, the Extension service, and the TennesseeVally Athoityin n ertlizrs.eserch tpesof
Valley Authority in research on types of fertilizers. 

e. The involvement of specialists and agents ingetting lending agencies, including local business 
leaders, to finance and establish sufficient marketsto handle various enterprises,

f. The use of method-demonstrations to teach 
production practices. 

groductionThe i ment oopportunity 
g. The involvement of North Carolina Department 

of Agriculture in soil testing and marketingb 
h. Publication of technical and popular bulletinsto provide production information and to promote 

enterprises,
i.e in ent oini. The involvement of fertilizer, seed, and insecti-

cide dealers, as well as dealers of other inputs, so
that these inputs would be available as recommended. -

e.. Intra-departmental involvement of all re-

searchers and specialists necessary for successful 
enterprise acceptance and success, 

k. The involvement of news media in dissemi-
nation of information, 

1. Most importantly, the dedication of agents to 
bettering the lives of farm families and the coopera-
tion of those same"'amilies in conducting applied 
research and result on method demonstrations, 

The hardest question we have had to face, and 
still face, relative to new enterprises such as these 
is the potential for future production of the crop 
or expanded production. In this area, market feast-
bility studies are needed which look at competition 
from other areas, future labor supply, quality that 
can be obtained in our area as compared to others, 
the economic advantage of location to market, etc. 
We, in most instances, do not have the advantage 
of these types of studies and start out on a ",sell 
where you can basis." In spite of the disadvantages 
of not knowing the future, we believe that it is our 
responsibility to provide educational leadership to 
farm families, so that incomes may be enhanced. 

DISCUSSION 
R. Gorman (Washington State, USA). In Washington 
we have worked with several native American Indian 
tribes to try to increase their income. However, we 

met with difficulty in trying to get former cattlemen 
and timber operators to go into intensive horticul
tural productions. I was wondering if you might 
explain if you have had this problem and how you 
dealt with it? 

Robinson. You mean as far as the farmers in western 
North Carolina or as far as the Indians? We have 

too. In general, as far as farmers are oncernet, 
think, acceptance to any change is like it is with 
most of us-a relatively slow procss becaus, in 
particular, if you look at our age structure, only 
parur if y at o age s rt fire only25% are under 45 years of age; so you do find change 
hard. I would say that the problem we faced was 
that of getting people to accept new enterprises,and basically, the way that wedid it was through 
and asicaly, te way that w e sent ttwo things. One was dledication of the agent in just 
plain selling and talking a man into this: "One of 
these alternatives seems to provide you a better 

to improve yourself." The second is to 
make sure that when he does get into something 
that (1) he can sell it and (2) he (:an make a profit 
out of it. And to this endtodoeunldhrsf they have beenietnihnden willing 

to devote untold hours of time at night, and even 
some instances helping haul produce to marketto make sure that in the beginning it was successful. 

I think perhaps one of the greater things we have 

learned over the years whenever you start out work
ing with any farmer, particularly a small farmer, 
is that his first experience with you be a successful 
one. If it's a grassland demonstration, make sure 
that that one demonstration is going to show some 
results. This, then, establishes confidence in the 
agent or the researcher or the specialist. 

E. O (New York, USA). You mentioned the use 
of ad5 *t'v ewimmittees in getting farmer input and 
then lat .you talked about the one-on-one situation. 
Have y [ o nd that as farmers become involved 
that the, 1,-thenl become agents? The one-on-one al
most looks like an impossible task. Do you get a multi
plier effect soon and, if so, how soon did it come 
and how broadly did it diffuse? 

Robinson. Well, tliat's a difficult question to answer. 
Let me express my thoughts on it then I'll ask Harry 
Silver to expound on it, because he's been involved 
in county work and in supervision forquitea number 
of years. First of all, when I refer to the use of advisory 
boards and subcommittees, this is in planning and 
implementing and evaluating the various enterpris
ing programsand getting ideas from them. And when 
I talk in terms of one-on-one situation, I'm talking 
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about the involvement of farmers and getting them 
to accept these new enterprises. We have found, 
at least to begin with, that this absolutely requires 
one-on-one: First of all, to get him interested and,
second, to follow-up enough to make sure that it's 
successful. Then you do get a multiplier effect. You 
get the spread of word in the country store; the 
fact that a farmer put out an acre of tomatoes and 
made so many dollars begins to get somo interest,
Then you begin to get a icumulative effect for the 
agent in which, if he's setting up a demonstration,
he will have quite a number of people who come 
out of curiosity or otherwise. So his work, as he 
gets starte(l into it, ik not iasmuch one-on-one as 
it was originally. But we have not found any way 
we c:an get enterprises started unless we do go 
one-on-one. 

115. 

Harry Silver (North Carolina, USA). The expansion
of an enterprise from a one-on-one basis is generally
started with a farm demonstration. If you're very
careful in selecting the original cooperator who is 
accepted as a man of recognition in the community 
to begin with and if that demonstration is success
ful-and that's very important-then you do get a 
tremendous multiplier effect. Without that, it would 
be impossible for the agents in western Carolina 
to reach the farmers that they have reached introduc
ing expanding new enterprises. It might be of interest 
to you that we have from 1 1/2 man-agent equiva
lents to work in the field of agriculture as well as 
community resource development; about 5 would 
be the highest man equivalents we have in a given 
county. 

Livestock Production and Forestry on 
Western Hill Country 
W. Mosher 
Extension Service, Oregon State University, Douglas County, Oregon, USA 

Subterranean clover (subclover) (Trifolium subter-
raneumn) was introduced into Douglas County, Ore-
gon, in 1935. With adequate rainfall, it has been 
nearly the "perfect" plant in pasture production on 
our hill soils and under our mild winters. Its use 
has raised hill-pasture carrying capacity from 3/4 
ewe to 6 ewes per ha. Subclover can fit other winter 
annual crop-producing areas of the world. Our use 
of it is patterned after New Zealand and Australian 
pasture improvement. 

Subclover is a winter annual legume. Itoriginated
in the Mediterranean, was introduced accidentally
into Australia, and later imported into the United 
States. 

On the West Coast of the United States is a 
relatively small winter annual area between 38 and 
48 degrees lati"uide. This is an area with from 35 
to 200 c;m of winter rainfall, dry summers, and 
relatively mild winter temperal tires, well-adapted 
to winterannual grassesand legumes. Within Oregon
this area extends from the Cascade Mountains to 
the sea coast. In California the area extend" from 
the coast range to the Pacific Ocean in the north 
and from the Cascade and Sierra Nevada ranges
westward to the coast in central California. It extends 
south about to Sacramento and San Francisco. 

The rainy season starts in mid-September or Oc
tober and continues through the winter months, with 
the last rainfall coming from April to June. The 
summer months are dry, with little effective rainfall. 
Average temperatures vary from a high near 38' in 
the summer to a low near -6° in the winter time 
with colder temperatures at higher elevations. There 
are snows at higher elevations but only occasional 
snows at the lower elevations. 

Most of this area is rolling-to-steep hill lands, with 
narrow valleys. Soil depths vary, with large areas 
of shallow hill soils 30 to 100 cm deep and slopes
to 40 degrees. Some of the area is covered with 
Douglas fir (Pseudotsugamenziesii) and other coni
fers, but other areas of thinner soils are open native 
grasslands, brushlands or hardwood forests. Native 
grasslands and fields are intermixed in these hard
wood and softwood forests. Native annual grasses
include crested dogtail (Cynosurus clistatis), Medi
terranean barley (Hordeum hystrix), ripgut brome 
(Bromus rigidus), soft chess (Bromus mollis), and 
some of the annual fescues. Very few native legumes
exist in this area. 

My own association with subclover has been in 
Douglas County since 1948, where during the 1940's 
and early 1950's thousands of ha were seeded to 
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subclover and improved grasses. On fertile soils the 
pasture did well but on the low fertility, shallow 
soils little improvement was achieved. In 1957, 
Cooper of Oregon State University established ex-
periments to evaluate effects from phosphorus, sul-
fur, and potassium fertilizers and the relationship
between soil and plant analysis and response from 
these nutrients on several hill soils in Douglas
County. lhe response from these trials (Table 1)
and others showed the need for fertilizer and the 
benefits achieved by applying it on these hill soils. 

TABLE 1. The effect of phosphorus and 
potassium on yield of subclover, Kg/ha 

K,, K, K 

P,1 1 325 1 134 1368 
P, :3425 4279 4094 
P.. 3628 4646 5268 

P P. = 30-6 kg/ha. 
K,1 K = 30-60 kg/ha. 

All trealmenits received :15kg S/ha. 


Soils are moderately acid with a pi average of about 
5.7. Yield data and forage analysis showed that on 
most soils phosphorus and sulfur were both limiting,
In a few cases we were able to demonstrate that 
potash also could be limiting-particularly on hay 
fields. Later work showed a need for molybdenum 
on these pastures. From 20-28 kg of P annually 
and 35 to 45 kg of sulfur per ha annually made 
tremendous increases in forage production. Produc-
tion was increased from 1000 kg dry weight per
ha annually of a very low quality forage to 4 to 7 
thousand kg dry weight/ha/year of a highly nut-i]
tious forage. During this same period work in UJ-
ifornia by Jones et al. (1970) also showed the w: e 
of phosphorus and different forms of sulfur in fr.,,. 
izing California annual pastures. 

One of the initial problems with establishing 
subclover on hill soils was proper inocult ion. No 
native legumes cross inoculate effectively with 
subclover in most of the arrea. In Douglas County 
we were fortunate in that proper strairis of inoculum 
provided by Oregon State I'niveriity effectively 
nodulated the subclover. In siucceeding years inoc-
ulation materials have been produced commercially 
and Oregon State University ceased to make sub-
clover inoculum. Most of the commercial inocu-
lum has been quite satisfactory but there have been 
some exceptions. Recent work in California at the 
Hripland Field Station and in the Sacramento Valley
indicates that there a:e superior strains of rhizobium 
which are helpful under more difficult conditions 
in establishing subclover. 

Recent work in California by Jim Street, Extension 
Range Specialist, University of California, Davis, 
with varieties of subclover also has been very helpful
in establishing clover on some of the more marginal 
areas within its range. Lower rainfall areas and areas 
of shorter rainfall seasons have demanded shorter 
season varieties of subhcover than the nediium-to
long season varieties generally used in Douglas
County and throughout much of western Oregon. 
The initial emphasis in Oregon was planting

subclover on old crop fields. When subclover was 
established on many of these fields the emphasis 
was switched to the native grasslands. When a goodshare of these were seeded the farmers began clearing
hill land of brush and trees with bulldozers. Trees 
and brush were pushed into piles and burned, the
ground was worked, seeded, and fertilizer applied. 
Pasture yields have increased four to five times with 
a great improvemr tit in quality. Costs under present
(day conditions for clearing, seeding, and fertilizing
of brushland on the hills is averaging around $226 
per ha.
 

Disturbing the soil 
on these hills has riot resulted 
in erosion. Early fall rains are relatively gentle anId 
growth of seedlings is rapid. The soil absorbs the 
moisture very well, settling the generally clay typesoils so that later heavy rains do not cause serious 
soil erosion. After the initial seedling year the cover 
of grass and clover eliminates significant erosion 
except for areas where slips occur. These occur with 
equal frequency in areas covered by brush and trees 
and grasslands. 

Some areas are too steep to clear with equipment 
or to work the soil. Spray programs to kill the brush 
have been followed with burning, seeding, and 
fertilization. Thousands of ha had been see(ed in 
thepast with low rates of seed (5kg/ha) of subclhver, 
with little success. Almost no subclover establish
ment was observed under these conditions. In 1967 
experimental work (unpublished) indicated that pill
bugs (Armadillidium vulgar) were eating the (:t
yledon as the subclover germinated. Granular Die
zinon insecticide (2 kg/ha) was applied lo try to 
control the hugs, with little success. lowi-ver, addi
tional work showed that a high rate of seed (20
kg/ha) did provide enough plants for surccessful 
establishment of clover. Removal of the (lead nahtrial 
by fire was helpful inr seedling establishrilt, and 
fertilizer was essential. Seeding was done latei in 
the season so that germinating seeds were riot 
exposed to hot dry weather which destroys thmn 
before they become estahlished. 

With high seeding rates (20 kg/ha) approximately
20 successful plantings (each 20-50 ha) have been 
completed in Douglas Counly. This seeding was done 
by airplane or helicopter making proper inocalation 
more critical. Work in California hits shown the 
benefits of seed pelleting but this has not been 
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MOSIER 
necessary in the main area in Douglas County.

Careful and heavy inoculation of the seed and
 
usually the addition of soil from a good suholover
 
area has been successful in most cases in maintaining.................
via bhlrhi bozia on the seed under these more difficult
 
conditions.
 

With the greatly increased forage production, in
creased number of livestock to utilize the forage 
 ;: 
produced became the next step in the program. One
of the major problems in utilizing this forage has . .

)een that about 10% of the total forage is produced 
(luring about four in the spring (Fig. 1).
......-.................months 


"..Subchover starts with the rains in the fall, makes . .... 
some growth through the winter months, and puts
 
on a big burst of production in the spring. When

the rains (cease in 
summer, the subclover dies. The Figure 2. Nutritional needs of sheep vs pasture production
forage proluce(l luring the fall, winter, and early curve. 
spring is highly nutritious, and dry residue left is
adequate feed for ewes or cows in summer and early Total live weight gains for the grazing seasons variedfall. With high production only during the spring from 500 kg/ha to as high as 1 000 kg/ ha on variousit tbecomes necessary to manage intensively to utilize treatments and years. Sheep gains were lower, butthe feed for a 12-month feeding program for livestock, ewe maintenance andi lambs too young to do muchOne obvious solution to the problem of utilizing grazing early in the season probably contribute tothu feed efficiently is to cut hay. Subclover does this. In neighboring Coos County, Oregon, 2.9 andmake a very adequate hay if put up properly. 5.9 ewes with lamb per ha were set stocked on hill 

pasture to demonstrate the difference in individual 
animal gain and total gain per ha. At these stocking 
rates no difference was shown in individual animal 
gain between low and high stocking rates but the 
gain per ha was almost double. 

Combination pastures of subcover and perennial 
ryegrass are difficult to overgraze, making manage
ment easier. Animal weight losses would become 
excessive before any serious overgrazing damage was 
done to the pasture. Heavy grazing of subclover-rye
grass pastures results in better pasture growth in 
succeeding years, because removal of most of the 
vegetation from the stand each year permits better 
clover germination the next fall. With proper fer
tilization, subclover responds with a high level of 
production and at the same time provides consider
able nitrogen for growth of associated grasses. HigherFigure 1. Pasture production curve, subctover--Oregon, stocking rates provide more feces and urine on the 
pasture, which again provides more nitrogen forIhe Douglas Counit hill area is very well adapted additional grass and clover growth. New Zealandto both shee) and cattle product ion. 'ro utilize the research has indicited that the nitrogen in a singleforage anl uin lrstanding of the nutrient needs of sheep urine patch provides an effect equivalent tothe animal is inportanl. Levels of nutrition at various about 100 kg of actual nitrogen per ha. With heavystages in the production cycle of the animal have stocking, urine patches are relatively well scatiered a great influence oin the animal production (Fig. over the pasture and the resulting impact of fertility

2). Calving or lambing dates (;an affect forage ut iliza- increases grass and clover production.fiom. Ihe kind of animals run on a pasture can have In addition to benefiting the pasture, a number a great influence on how efficiently Ie forage is of other benefits occur from high stocking. Probablyutilize(d. the most important is increased livestock production.Bedell (1971) at Oregon State University drmon- Most studies indicate that as long as the total prostrated that feeder steers on spring pasture, with ductive capacity of the pasture is not exceeded that no smippleientntal feed, gai ned about one kg per (lay the saleable products increase with increased stockover a grazing period from March 23 te August 8. ing rates. While production per animal may decline 
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slightly, total production per ha increases dramati-
cally as stocking rates are increased. In Oregon, 
currently, we feel the breaking point is between 6 
and 9 ewes/ha. The influence of stocking rate on 
production has been well demonstrated by vork in 
Australia and New Zealand (Arnold, 1965: Suckling, 
1964) and by some current work in the United States. 
If most ewes produce twin lambs, this increases the 
livestock utilization during the spring months when 
the pasture is at its maximum rate of production. 
To illustrate how twinning can affect economic 
returns from such an operation. Dr. E. Gene Nelson, 
Extension farm management specialist at Oregon 
State University, and the author theorized on the 
impact of a high lambing percentage and a high 
stocking rate on income compared to low lambing 
percentage and / or low stoc:king rates (Table 2). TFable 
2 shows the difference between how a profitable 
operation and a marginal operation is influenced 
by an increased stocking rates and / or higher lambing 
percentages. 


TABLE 2. Return to land, labor, and management 
with pasture development program 

Lamb Crop Ewe Stocking Rale per ha 


Weaned 3t 4 5 


(S/ha)
 
90% 8.26 27.64 47.04 

140% 72.76 113.64 154.54 

In our region sheep have two advantages over 
cattle. Sheep have a much higher potential level 
of reproduction efficiency and require a shorter 
period to grow young from birth to market weight. 
Sheep fit quite well with the pasture production 
curve of subclover-ryi: grass pastures. Some sheep-
men are running 6 ewes/ha with a 140% lamb crop 
and individual cattle ranchers are approaching a 
cow per ha with 95% calf crop. Fall calving makes 
more efficient use of the forage than spring calving, 
When the calves are born in the early fhll they are 
big enough by the time spring growth comres to utilize 
the forage quite well. The forage dries up before 
spring calves are ready to use a great deal of it. 
Many of our ranchers are keeping over calves to 
"long yearlings," letting them graze a second season 
on pastur and selling them about the time the 
pasture dries in the spring. This type of operation 
has proved quite successful. 

In Douglas County stockmen have used subchover 
tv convert hill lands from low carrying capacity to 
:high carrying capacity. Today we know how to grow 
large quantities of good forage. For the future we 
need to work on marketing that forage through 

livestock. Growers must recognize that the only use 
for animals in this program is to change forage to 
a marketable product. 

Individual sheep growers in Douglas County are 
approaching 200 kg of live weight lamb sold per 
ha annually. These levels of production can he 
increased considerably over the coming years with 
a continuing research program. Lambing percentages 
of 200% are possible. Sheep farmers in England and 
Scotland are producing 200% plus lamb crops with 
500- and 600-ewe flocks by proper breeding and 
management. 

If they can do it so can we. Our potential produc
lion far exceeds what we are doing today. The future 
looks bright! 
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DISCUSSION 
F. Horn (Oklahoma, USA). What is the cost of doing 
this and what is the trend in recent years? Cattle 
have been losing sone of their glamour in recent 
years in the Midwest. 
Mosher. The costs of putting in this land varies 
tremendously with the slope-with the vegetation 
that's on it. In the heaviest places that we're going 
this is land that would be perhaps as steep as 30 . 

On land that would be heavily covered with hard
woods, pretty big trees, we're using D-11cat:erpillars. 
The bigger the "cat," the faster you clear it, the 
easier it works. We're spending about $250 per ha 
in the worst places to do the complete job-this 
is the cleanng, the seeding, ard the fertilizing. 

Horn. You said some of this land is poorly utilized. 
Is any of it reverting and, if so, what's happening 
in terms of soil erosion and this sort of thing? 
Mosher. Well, I think that some of this land that 
is being fully utilized is reverting. It's going back 
to brushland species such as wild rose and poison 
oak. We're seeing some land come back with hard
wood trees such as the black an(I white oaks. I think 
that the Irend, though, is toward improved pasture. 
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MOSHER
 
You (o fertilize it, and we're getting people to use beand we sorted out the fact that one major differenceit better. We (Io not run into erosion problems even between this particular operation and the neighbors'on native grasslands. The only place where we have was the fact that he was basing his on orchardgrasserosion is in Ihe flatlands that were laid down by and the neighbors were using ryegrass. Have youerosion. When we get a particularly heavy rainfall made other observations on that? Is it really thein Ihe winter time, somelimes these start to (:ut. species-the grass species-that was causing theOnce Illey stlarl to cut we have not really been lower gains? We talked about the fact that this mightsuccessful in stopping it. I think that I mentioned be related to energy.also that we're talking abot an ongoing program Mosher. We haven't (lone definitive enough workand tihal ve're protalily bulldozing hardwood trees to really say whether it is or isn't, but I don't thinkoff in Douglas County perhaps somewhere at about that there is that much difference in grass species2000 acres a year. Otr progran basically start(, on gains, with the exception of the work that Tomout on sonie of Ihe cropland that was fairly well Bedell did. Ite was able to demonstrate that fescuedepleted, then it went to lhe nalive grasslands and subclover pastures would produce later into theiow we're in the heavier lrrushland. We've still got season and prol)ably produce more cattle gain thana long way to go. I don't meai we've got the jot) ryegrass and subclover'. Most of our hils won't growd,,n e by any t eans. We have 10000 acres in; we've long-lived perennial grasses, with the exception ofgot a half million acres that should be in. I think perennial ryegrass, and practically all of our pastureswe'I get no argument on this. (There may Ie another are based on perennial ryegrasses. Since that time,couple Of hundred thousand i:cres in Douglas Counly I think we've also become much more aware of th'ahuit which we might argue a little bit with the selenium weed. We've actually gotten liveweightforesters.) In western Oregon we think we're talking gain with selenium. Of course, we know that it'salbut something like 2 million acres that should involved not only in liveweight gains but also inbe in improved pislure. If youminclude California, reproduction, disease, tooth wear; I think that thereI Stil)(,sv we rriay he somewhere till in the 4 to are a lof of things involved. We've had some5 million acre iange. very

interest ng experiencs and achieved increases in
G. lung (Pennsylvania, USA). I want you to go back liveweiry'ht gains on some of these properties s; 'iplytr aii instaimr in which oee of Ihe ranchers you from the administration of selenium. We need totalked AInut had less animal g;ins thaa his neigh- know a lot more about mineral nutrition, particularlyI,,rs. You were con(cerne( aiout the fact that you minor element mineral nutrition, under a very intenorildn't explain why this one operation was not sively managed pasture and very highly stockedas pro ductive as some of the others that you were pastures. The higher we go, the more productionwrrking with. You looked at mineral deficiencies we get, the more dilution effect we get, and I'mto see if it could Ihe exphlirned on thai basis. It couldn't sure that this could be a factor. 
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116. 
Some Aspects of Sheep and Beef Cattle Production on 
New Zealand Hill Country 
G. K. Hight 
Whatawhata Hil Country Research Station, Ministry of Agriculture and Fisheries, Hamilton, New Zealand 

New Zealand is largely a land of mountains and 
hills with 13 million ha of pastoral land, of which 
approximately 4.5 million ha is hill country (both 
wet and dry) supporting 31 million ewe equivalents, 
or 7 stock units (1 breeding ewe = 1 stock unit) 
per ha. Dry hill country has an average carrying 
capicity of about 4 ewe equivalents, whereas the 
wetter and easier hill country carries about 10 ewe 
equivalents per ha (Brougham, 197/3). The hill 
country sheep and beef farms in the North Island 
now carry about 17.8 million sheep, or 64'!J of the 
North Island sheep and 73 ; of the beef cattle (Ward, 
1972). Hill country farming, therefore, dominates 
the New Zeai,jnd sheep and cattle industries in total 
area. stock carried, and as a supplier of stock to 
downland farms. 

Much of New Zealand's hill farming land is steeo 
and originally developed from lense high rainfall 
forest. Typically. 5300 stock units are carried on 
hard hill country farms situated mainly on the East 
and West Coasts and the Central Plateau, while 3 600 
units are carried on the easier North Island hill 
country farms. On these farms, replacement ewe 
hoggets (yearlings) comprise about 28% of the total 
sheep with 40 ; of the average 270 single-suckled 
beef herd being 21 - years old and older, and 12 , 
weaner heifers. Most farms are subdivided into 15 
to 30 paddocks. Permanent pastures of grasses andi 
legumes are used almost exclusively. Inorganic fer-
tilizer is applied by aircraft, but nitrogen fertilizer 
is not used to any extent, reliance being placed on 
clovers to supply nitrogen. Romney, Perendale (in
terbred Cheviot >"'Romney), or Coopworth (interbred 
Border Leicester .. Romney) breeds predominate in 
ewe flocks and Angus and Hereford cattle in beef 
herds. The main soures of farm income are wool 
(36%), lambs and cull ,wes (30%), calves and cull 
breeding cows (30%). 

There are three essentials for efficient animal 
production from grazing sheep or beef cattle on these 
farms: 

1. A large amount of nutritious pasture needs to 
be grown. 

2. This feed needs to be efficiently harvested by
grazing animals. 

3. Consumed feed must be converted efficiently 
into saleable animal products. 

There is a large potential to increase production 
in New Zealand hill country. Unfortunately, the 
maximum productive capacity has not been ade
quately tested, although there is a potential to in
crease carrying capacity by at least two times above 
present levels, or by an additional 40 million vwe 
equivalents. On the better class land with good 
rainfall patterns. pastureand animal production could 
approach that on the cultivatable and rolling cou ntry. 

Factors important to the realization of this poten
tial include: 

1. Effective grazing managementl to give more 
pasture production, better utilization, an(d impro ed 
feeding of stock. 

I An increase in the amount ald vigor of ryegrss 
and, particularly, the legume content of pastures,and possibly the introduction of new pasture species 
better suited to hill country environments. 

3. The introduction of genetically superior sheep 
and cattle and, with development, the retention of 
more young growing animals to convert pasture 
dlirectly into meat and wool, instead of breeding 
ewes and beef cows. 

Thus, factors involved in the successful economic 
future of New Zealand hill country are closely related 
to good stock husbandry. They include feeding and 
grazing management, the breeding of stock, and 
general management skills. 

PASTURE PRODUCTION 

Few assessments of pasture production have hen 
made on hill country. Paslure produoction is highly 
variable with levels of dry matter (DM) ip to 9001 
kg/ha being recorded on dry hill faces, and 13(1(100 
kg DM per year on wet hill slope; (Radcliffe Wal., 
1968; Gillingham, pets. (:omm.). 

An indication of the pattern of average pasture 
production measured by the trim and regrowth 
technique (Gillingham, pers. comm.) for two hill 
soil types at Whatavwhata is indicated in Fig. 1. For 
steepland silt loam soils, average production was 
7850 kg DM/ha/yr and on volcanic ash soils .9)020 
kg DM/ha/yr. Hetween-year variation is highest in 
the autumn and least in the spring, reflecting the 
influence of soil moisture levels. 
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HIGHT 
Posture growth rote on hill country CALENDAR
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Figure 1. Tailing M 

If the total feed requirements (Jagusch, 1973) of A Calv 	 Rotate aIItypical numbers of breeding ewes (45 kg live weight), 	 gLambin- breeding
cows (450 kg), and ancillary stock grazed at 11 ewe " ,. .stock A 
eqtuivalents/ ha is superimposed on the average pas
ture growth curves, it is evident that: 

1. There is a large surplus of pasture growth in M 
late spring and the time at which this occurs is 
reasonaibly predictable.

2. In the late autum,n and winter, stock feed Figure2. Grazing program.
requirements can ex:ecd the vaiable autumn pasture
growth, particularly on steepland soils. Winter pas- 10-12 weeks in November-December, and the ewesure prod(luction can strongly influence maximum 	 then commence on a rotation of about 3 days perstocking rates when little or no supplementary feed 	 paddock, allowing a 35-day interval between grazis used and no planned feeding of stock is practiced. 	 ings, and at a stocking rate of 300 to 500 ewe 

equivalents per ha. Early weaning and shearingGRAZING MANAGEMENT 	 toassist rapid recovery of ewe live weights is being
A grazing management system is required to recommended rather than only attempting to flushachieve bolh hiph stock and pasture production ewes pre-mating when suitable feed is seldom availwithin the constrawrs of limiled numbers of perma- able. The rotation of the ewes continues throughnen pa((ocks anti the need for continued develop- mating until prelambing (mid-July). At this stagenent of land. the rate of rotation is increased to even-out availableFew managernmnt trials have been conlucted in pasture, provide a "short bite" (5 cm), and to increaseNew Zealand hill country (Inglis, 1965; Kissock, feed intake to 11/,, times maintenance for the lambing1966; Collin, 1966: Suckling, 1959, 1975; Smethan, ewes. The ewes are set-stocked from about 7 dayslVp73) to define the effects of class and genetic merit before lambing commences until weaning, with ewesof stock, aspect (sunny or shady), grazing method, and lambs being progressively grazed at a higherp izing intensity (contini(ns/infrequent and lax rate in late spring in anticipation of excess pasture/ hard), fertilizer requirements, or of supplementary 	 growth. This also allows a greater area to be madefeed on pastire anti aniimal production. 	 available for young sheep and breeding cows. During 

periods of rapid pasture growth,Rotational Grazing 	 not 
set stocking does resu ltin (lose and continuous defoliation soNevertheless, there apptears to he considerable that in spring pastures can remain at an optimum

p)tentia Ito increase output hy a(lopling inure int en- stage of growth over lengthy periods.siv; plantned rtational grazing with higher stocking Beef Cattle 
rates (Campbell, 196: flight and Wright, 1972) on Bpaslures whll,,ryei'grasse!s (Lolimn spp.) and white Beef calves are weaned at an average age of 150clover ( Irifoliun relens) ar present. An outline days (imid-February) and in-calf cows are then joined(if this rotational grazing system (Smith et al., 1976), with the main ewe mob in the rotation. In this way,whi:h has hen used at the Whatawhata Hill Country a main grazing group ofResearch Statinn and oin.00 private farms, is given units, up to 

about 80% of the stock 
or 71500 e-ve !quivalents, might bein Fig. 2. Lanibs are wearied at an average age of formed and a grazing interval of atbout 35 (lays can 
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be adopted witlin the 15 to 30 permanent paddocks 

usually available. As cows approach calving (July-

August) they are removed from this main grazing 

group and "rationed" pastures, which have been 

leniently grazed from late autumn, behind one-wire 

electric fences. As the cows calve, they are either 

moved ahead of the uncahved group on a rotation 

length reduced from 35 to about 15 or 20 dayvs as 

pasture growth increases in late spring, or set-stocked 

in paddocks where abundant pasture is available, 

The aim is to offer cows the maxi in urn level of pasture 

post-calving to ensure a short calving to first estrus 

interval. At the cornimenncenient of mating (October-

November) cows are formed into single-sire mating 

groups and grazed on the special beef area or on 

pad docks where ewes and lainbs were grazing.
 

Replacements 
The young sheep and replacenen t heifers are 

grazed preferentially from weaning until first mating. 
Lambs are drenched with an anthelmintic at weaning 
and transferred to areas previously grazed hy beef 
cows over the winter-spring period.These itreas are 
presumed to be relatively free of viable internal 
parasite larvae (Brunsdon and Adam, 1975; Bruns-
don, pets. comm.) and tend to have a higher legumne 
content than t.ose pastures more closely grazed with 
ewes and lambs. The weaned lambs are shorn and 
rotationally grazed at a low intensity to permit 
selective grazing over this "'cattle" area, but (1o not 
regraze any paddocks that season. They are then 
grazed ahead of the mature ewe and cattle gro) 
until lambing time, when the hoggets are set-stocked 
until the spring flush of pasture growth again enables 
a higher stocking to be adopted. Replacement heifers 
are either intensively grazed behind electric fences 
on the better pastures or are rotationally grazed with 
or separate from the ewe hoggets until their first 
mating at 14 months of age. 

Rotation Length 

Rotation length for the main mot) is increased or 
reduced according to visual assessments of the 
anount of pasture a,.ailable, expected rates of pasture 
growth, rainfall, stock feed requirements, and the 
conditions and performance of the animals. Thus, 
grazing intervals of 40 to 45 days in the vinter or 
20 to 25 days in the summier may be optimum. 

Subdivision 

The optimum degree of subdivision at any given 
stocking rate or stage of land development has not 
been defined, but if sheep and cattle are grazed 
together when their feeding levels are similar, there 
is then a reduced need for subdivision. ltowever, 
there are distinct differences in pasture production 
and composition between sunny and shady aspects 
(Gillingham, 1974; Suckling, 1975). Differential 
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fencing of sunny from shady aspects enables the 
shady faces to be grazed more in summer and sunny 
faces more in winter, so that over grazing of palatable 
legumes is avoided between late-spring (October) 
and the autumn. The use of single-wire electric 
fences (1-light and Wright, 1972; Parker, 1972) also 
permits the rationing of limited pasture to beef cows 
over the winter-early spring, appears to give in
creased pasture utilization, encourages rapid pasture 
recovery and reduces the need for supplementary 
winter feed, Treading damage (Edmond, 1966) under 
high soil moisture levels is confined to small areas. 
As maniagement is intensified more grazing control 
with electric fences appears justified, particularly 
with beef cattle. 

Benefits of Rotational Grazing System 
Some ot the potential benefits are: 
1. Better plamned feeding of stor:k in relation lo 

their feed requirements, particularly at higher stock
ing rates and in periods of pasture shortage. A higher 
and more even utilization of pastures on a whole
farm basis over the sumner-autumn period is an 
important feature of this system compared vith 
set-stocking or non-syst eiatic inovernent of slock. 
Livestock adjust their grazing habits to the herhabpe 
available. and at high stocking rates, a very good 
.clean up" of pa'sture is achieved. With intensive 
integrated grazing of cattle and sheep, the less 
palatable weeds and unprodu(:tive pasture species 
also are kept under control. 

2. Between-year comparisons of stock perlo;rm
ance indicaite irprovements in the rate of growth 
of ewe hoggets, pre-maling ewe live w,'eights and 
fertility, with an increase in the percentage of re
placement Ieef heifers which attain puberty and 
calve at two years of age, and insubsequent years, 
within a 45-day period. These factors have ain impor
tant influence on profitability. 

3. Less supplementary winter feed in the form 
of hay, silage, or crops has [reei required for beef 
herds in those areas not experiencing severe wiiers. 
With planned feeding, surplus pasture growth is 
more readily observed in the late spring and, if 
practical, it ;anI be conserved before dry soil conci
tions delay the recovery of pastures c:ut for ha.y. 

4. When ryegrass and clover species are present 

these become more prevalent and the incitdence of 
weeds reduced. There appears to be belter pasture
growth in the late summer,autuimn, and early spring 
than under sel-stocking. The increase of legumes 
is of basic importance, for with few clovers the 
build-up of soil ferlilily is slow, large areas may 
suffer from nitrog-n d1(efir;ienicy, and the feed quality 
of autumn pastures is likely to be below optimum 
for young growing animals (flight and Sinclair, 
1967). 



5.Recent recommenda tions for the effective con-trol of internal parasites (Brunsdon and Adam, 1975)in susceptible weaned lambs and calves by strategic
cdrenching with anthelmintics and shifting to pastures of improvedl feed quality where viable larval
populations 
are low become more practical to 
operate. Increase(l post-weaning growth rates result.This may have important carryover effects on subse-
quenI ewe live veights and fertility (Hight and Jury,1976), and on both in-calf rates and the spread ofcalving in beef cattle. There is also more scope for young animals to selectively graze pastures.

6. TheI high concentrations inof stock required
hite spring to control weeds and pasture roughages,or in late auLtumn (May) for the closeand even grazing
of areas before aerial application of seed, and the
su)seluent tieadiing in of this seed, become easierto mamge within the limitations of the paddocksusually available on hill country farms. 

7. As hill country land is developed to higherproducing pastures, a complementary approach tohe attainmen t of higher efficiency from increases 
in ewe and cow fertility is to finish more lambs 
for slaughter at heavier weights, or to substituyoungerefficientgrowingcon cattleversionforofbeef cows.to,Moreineatdirectanrdr 
 pastutre and 
iraeases in prouction aol profit can then resultLarge, 1970; I rutton, 1963). The otnimunmix will(Laped 1perdepend on market realizations, farm and farmeradaptability. Undher the grazing systemn being recom-t 
mended, the provision of special feed for growingor finishing stock becomes more feasible as fewer 
auun period by mat irebreedriIg animals. 


(;razing pressure 
 and pasture utilization can bevaried at different times of the year so that young 
gr wing animals achieve satisfactory food intakesand] live weight gains.8. More efficient use of labor, which is both costly
and in limited supply, results because staff know

when and why stock are to be moved. The visual 

assessment 
 of pasture available, with a knowledgeof animal requirements, enables some objectivitybe introuced to planned grazing managem en t in 

to 

atway that can he 00
uinderstood y farmers, 


Mar'y possibilities for refinement of this manage-
ment system are availablh 
 but maximum productionseems unlikely to be achieved on hill country until 
a combination of high stocking rates and geneticallysulperior livestock are grazed oni improved pastureadequately topdressed with essential nilrients anl some intensive planne I rotational grazing of stock
is practice ,. lUnfortunately, there are limited experi-mental data available to support this Ihesis for hillcountry condilions or on the influence of class ofstock, grazing metlhdi, an other variables oo1pro-
duclivity. Nevertlieless, lit,grazing system outlined 

HIGHT 
is providing a workable framework for the application of existing grazing management knowledge tohill country in the North Island oF New Zealand. 

LIVESTOCK PERFORMANCE AND
 
ANIMAL BREEDING
 

Improved fertility in relation to nutritional re
quirements through better grazing managementthe key to increased producti,, ty from existing

is 
livestock, but further increases in i,.r animal performance of the order of al least 50% are possiblethrough the applicalion of available animal breeding
knowledge. The genotype of the grazing animalthe upper limit to production attainable 

sets 
from im

proved management. 

Beef Cattle 
For efficient production from beef breeding cattle

in New Zealand, heifers should ideally first calveat two years of age, and thereafter achieve a regularand concentrated calving of less than 45 (lays.Structurally sound cows should be capable of wean
ite 

ing calvesweights (250without assistancekg at 160 days), to high weaningand(of producing 
animals which have rapid post-weaning growth ratesto slaughter at about 21 months. Much higher outputsunit of female stock wintered, or perdry matter :onsumed, are possible through unit ofganized application of animal breeding knowle.Ige

dhoor

combined with improved nutrition.
Unfortunately, few beef heifers are calved at two 

years of age and those thatfactory in-calf rates as are often exhibit unsatisthree-year-olds. In-calf ratesof older cows are on average 83%, and there is a21/,, month spread of calving. Many Angus and 
Hereford cows wean calves weighing less than 150kg, and this has important carry-over effects on14-month heifer weights and on the weights of steersslaughtered at 20 months of age. These factors are
of considera ble economic importance. 

Selection Within Breeds

The key 
 to selective breeding within commercial

herds is the genetic merit of the bull breeding herds, 
as about 80% of the potential improvement resultsfrom the sires used. There is, therefore, a need inthe beef inclustr' f()r'a coordinated genetic improve
ment program which both identifies and exploitssuperior genetic material. A National Beef Improve
rent Service (Beefplan) has recently been furtherdeveloped and is providing a useful service within
the traditional regislered bull breeding herd struc[tire, hut itswidespread adoption and use for effective
on-farm selection is likely to 
 ie slow. (Othergenetic

programs have, therefore, been sought to supplement

and complernent Beefplan. 
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One of these developments is the formation of 
group breeding schemes. These large-scale integrat-
ed breeding schemes (Hight and Quartermain, 1970; 
Ilight Ht al., 1970; Dalton and Gibson, 1974; Nicoll, 
1976)conducted within those comn ercial farms with 
large herds, or on a cooperative basis offer many 
advanitages over the generation of sires from smaller 
unrecorded registered herds. In the cooperative 
schenes, 2 to 10" of the elite prod ucing cows which 
have a high maternal ability itnuld/or yearling live 
weight are transferred from several herds to nucleus 
units wher( they an their progeny can be selectively 
Ila'ted. objectively re:orded in the samne environ-
nent iand ranked in order of breeding value. With 

conitintous scr ening. and the application of efficient 
selection, these schemes arn already offering an 
efficient means of generating the large number of 
bulls of high genetic merit required in the heef 
industry. It may be possible to adopl the principles 
of these gromp breeding sc(helnes to other countries, 
piiarticuilarly those where artificial breeding is not 
widety practiced. 
An indication of the potential from this approach 

to within breed selection is provided by the large- 
scale breeding scheme of the Department of Lands 
and Survey operated in conjunction with scientists 
from the Whatawhata Hill Country Research Station. 
Iere. unregistered Angus cows with the abiiitv to 
wean calves op to 250 kg at 150 days of age (aV. 
197 kg). heifers weighing up to 32(0 kg (a'v. 253 
kg). and bulls to 360 kg (av. 288 kg) at 12 months 
of age have been identified (Dalton and Gibson, 
1974). High levels of fertility in hoth heifers and 
mature nucleus cows have been attained. These 
group schemes offer a pratical method of utilizing 
the wide variation between ainimals within existing 
cattle breeds and farmer resources. 

Crossbreeding 

Considerable research in New Zealand and in other 
countries (Cundiff et al., 1974) also suggests that 
the uIse of Friesian (Hight et a., 1973) and Friesian 
crossbred cows has advintages over purebreds ill 
terms of the number and weight (ifcalves at weaning: 
the productive value of Friesian x Jersey, Friesian 
x Angus, or Friesian x Iherefords iasmaternal beef 
dams (Dalton M4al., 1975: Carter, 1975; Baker ar 
Carter, 1976; Hight and Nicoll. pet.rs. comm.) being 
particularly noteworthy. A summary of the perform-
ance of these crossbreds in trials recently conducted 
by the Ministry of Agriculture and Fisheries (Baker 
and Carter, 1976) is given in Table 1. These cross-
breeds appear to give an increase of about 301% in 
the total weight of calf weaned per 100 cows ill 
mating (productivity), and 20', more productivity 
per 100 kg of cow live weight (efficiency) when 
compared with existing beef breeds or exotic 

TABLE 1. Summary of performance of 
straightbred and crossbred beef cows 

Cow Breed ur Cros; Produt'itY I"fficilcy 

Angus (:\) I o 100 
Ithr,,ford (11) 95 90 
Frivsjmi (F) 125 I10 
A x It and IIx A 115 I10 
: -A 130 120 
- t1 130 120 

F lvrsey 135 130 

I1r)d, tivi=-. manted.y weight calf weand per 100 co 

Effici:v : = productivity per 100 kg/cov live weighl.
 

crossbred cattle. The Friesian crosshreds had both 
a high reproduction rate and superior maternal 
ability as reflected in increased weaning weights. 
This, together with the effects of heterosis on fertility, 
has important (:arry-over effecs on the successful 
mating of heifers at 14 months of iage, and on live 
weight., of steer progeny slaughtered at about 20 
months (Ilight t A., 19t73: Everitl et id., 1975). 
Considerable evideoct, therefore, appears to justify 
the wider use of beef x :liry crosshreds in heef 
breeding herds which are grized oildeveloped hill 
country as an alt!rnative tloselclioi within existing 
beef hreeds. Prreliminary results froim extensive trials 
with the larger "exotic" breeds (e.g. Ch'harolais. Sim
mentil) crossed with Angus. Ilereford, or Friesian 
cows imlicate that the crossbred progeny are prone 
to difficult cialvings, exhibil later sexual maturity, 
but have improved growth rates and meat yields. 

Sheep Breeding 

In hill country. low growth rates (<0.7 kg/week) 
from weaning to inid-winter (flight vt al., 1973), 
and poor pre-mating ewe live weights (40-45 kg)
refleced in i slow onset of estrus il(l inadequate 
conception (574) in-lamb rates (Knight and flight, 
197i), and multiple birth rates, with a 5 to 25% 
lamb mortality to weaning (I light and Jury, 'I970a,1) 
-are often chjrI(teristic of several breeds and 
crosses (Ilight and Dalton, 1974). Pilanned grazing 
.ianagenenlt associated with better nutrition and 

c(hanges in pasture coniposilion are key factors in 
improving these components of productive effi
ciency. 

A comrprehensivi' animalIbreeding research pro
gram conducted by the Ministry of Agriculture and 
Fisheries and ai tuniversilies alko has shown thit 
large increases in lamb survival and inulliple birth 
rates, live-weighl growth, and fleece weights of 
existing sheep breeds through the a pplica lion of 
selective breeding are feasible under farming condi
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tions in New Zealand (Clarke, 1972; Hight et aL., 
1975). h'lere is considerable interest in applying 
this information in a coordinated genetic improve-
ment program to ident ify and exploit superior genet
ic material. A National Sheep Improvement Service 
(Sheeplan) has been developed (Dalton and Callow, 
1976), and 25 large-scale cooperative Group Breeding 
Schemes recently formed (Hight and Rae, 1970).
These group sc~hemes now involve over 300 private
Thes grupnoshemsinolveove 300priate 
breeders. In group r,1Broughamn,breeding schem es the highest 

prodtucing sheep are ident i ed on cooperating farms 
and are transferred each year to central ram breeding 
nucleus flocks, where they and their progeny are 
objectively recorded through Sheeplan and ranked 
in order of total breeding value. By continually 
selecting a small proportion of high producing ani-
mals from cooperating flocks and applying selection 
within the nucleus units, it has been possible to 
quickly establish and naintain nucleus flocks of high 
merit, to restrict detailed recording to those sheep 
of above average performance, to compare animals 
for genetic merit in atcommon environment, to make 
n ore effective Is,? of superior sires, to set higher 
levels of culling than is feasible inregistered flocks, 
and to generate increasing numbers of rams at low 
cost. Tleve(e lnopent of these cooperative group 

breeding schemes by the farming commninity, tech-
niques of field recording, data processing, and selec-
tion of "easy-care" sheep which give high production 
with minimum labor inputs (Rae, 1964; I-ight and 
Bignam, 1975), appears to also have application in 
other ;oluntries. 

the Rotney sheep brteeding scheent operated
by

In
s:intists from)lhe Whatawhata Hill Country 

Research Station and the Department of Lands and 
Survey (Ilight of ;d., 1975) there are iatotal of 17000 
sheep individually recorded in the nucleus flock. 
The traits recor(ed are fertility, lamb weaning 
weight, 12-mnonth body weighl, and fleece weights. 
Rapid progress has been made in breeding sheep 
tof higher fertility and improvetd overall l)roduc:tive 
value. For exanple. ill the present 11,100 ntcleus 
ewe flock, there are 2 700 ewes with lifetime breeding 
values for fertility equivalent to 150% or higher 
nulillers of lanbs weanedl without anly assistance, 
Increasing numbers of sires are heing produced ea(:h 
year foriiinilg to about 400000 ewes. Conparative 
informat ion illdicates that the Is(of rais prodtced 
from tlhis nucleus has reduced lanh mortality and 
int;reasetl lanh weaning per{ceitages by abtut 22%. 
Ram waste! rates have also been wiarkedly red uced. 

For social, ,:ononilic, aind gellelic reasons, there 

is likely to he a ralid increase ill th1 nuiner ild 
tizeof cooerative gro Nwsheep bretding nsize of c pervsheep b'~ilg grtps i New 

Zealanditsit a supplement to oljettive recording and 
seleclive breeding withir: the smaller stud flocks, 
A greater degree of resource integration, redutllion 
in overletad t:osts, encouragement of active farier 

participation in applied breeding, and more flexibil
ity to change selection objectives in line with chang
ing market requirements should result. 
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DISCUSSION 
j. Eadie (Scotland). Could you give us a more realistic 

view of the heef performance figures. In a sense 
the figures presented were relative ones and we could 
say Friesian-Angt s were about :30% hetter in pro
duicli ity and(efficiency. Thirty percenlt better than 

wha1it'? 

Hight. Our Angus cattle usually wean calves at ahout 

400 pounds. The Friesian straight-hred and crossbred 
would wean calves ahout 610 pounds heavier than 
that. Now we woultd expect the straight-bred Friesian 

to he about '100 pounds heavier than the Angus at 
weaning. The Friesian-Jersey crosslbred or Friesian-
Angus crossbre(d cow is of similar live weight to 
the Angus. When you express Ih;ivweight of calf 
per unit of cow live weight, this results in it very 
marked increase in output pr init of cow live weight 

and taking the fertilily ind weight into accoit, 

tihis is the! sort of conclusion wv ' got. tvrt ility 
tif straight-hred Friesiain coiws 2 y'ears old and older 
per numeir of calves waInd has bien of the order 

example, where 2-,var-olds ari included, It(per
centage of calves \V(anewd per rit1imbher of cows atual
l joined with the bull, has been aboui t 95";. So 
our dala strongly indicate that in hertns of fertility, 
ease of calving and maternal ability. post-wianIno 
growth rate of steer cilves, onset of liuh(rty in heifers, 
ease of calving antI st rut;tural stoudn(ss, the Friesian 
crossbtred animals hav(, apieared to hive tin (!nor-
Molls aimout Itt offer as iamaternal te(!f dam crissed 
with a bull appropriale to the type if piroduction 
sa 
syslei that you're aiming ill.For exale, ifyou're 

going to slaughher all your progeny, there's ilpossi

bihity that atfast-growing l(ean neal type animal such 
aS the Charolais would he verv suittahle. In New] 


Zealand I would like to emphasiz that our farmers 
usially go for a simple straight-bred systein. There's 

still a lot of prejudice against the Friesiain or Friesian 
crossbred animal in our botef industry. 
L. Ainsworth (Ottawa, Canada). Could you tell me 
what attempts are Iteing made to inlroduce the more 

highly proilific sheep btels into New Zealand and 
what mating proce:elures do you use for breeding 

your sheep and cattle on the hill land'? 

Hight. Well, to answer the first part of your question, 
the research divisioin does have a c'oimprehensive 
bree'd evaluation program and this includes evalua
(ion of exotic sheep. We recently introduced Finnish 
Landrace sheep into New Zealand in small numbers. 
They are not being relased to thi! farming commu

nity until such time itswe have evidence that they 
are completely free from disease, anid, secondly, that 
the animals, the crossbred animals, and the type 
of crossbred is fairly clearly defined. So, we have 
a very great comprehensive program testing alterna
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tive breeds, crossbreeding systems with resources Ram-to-ewe ratios vary enormously. An average 
that we have and looking elsewhere for genetic figure would probably he 60 ewes per ram, hut many 
material. We ,o, particularly interested, of course, farmers are extending this to 250 to 300 ewes per 
in the Finnish-Landrace because of its ability to ram and the best I've heard is 500 ewes mated by 
increase fertility. Our present thinking is that a one ram in a season where they mate to a group 
quarterbred Finn might be the most appropriate. But of ewes and then follow-op with yearling ewes which 
we're aIso interested in while-headed multons and are mating later. The rams have an cnormous capacity 
so on. to mate sheep which we're not exploiting. 

K. Inskeep (West Virginia, USA). I'd like to ask twoAinsworth. The French have identified that the Finn 
has poor mothering ability. This is why they are questions about postparturn interval. First, with the 

not using it. They have gone to Russian Finn, the Friesian crosses that you're using, do you have a 

Romanov. and this apparently has far better mother- longer postpartum interval? Second, many of the 

ing capabilities and certainly has the prolificacy of rteports in this country would indicate that the 
he Finn sheep. They're doing extensive evaluation prupartum feeding level is more important in deterprogr m for sheep at ourgeset and some extensive mining postpartum interval than the postpartumstudlies on evaluation of breeds crossed to traditional feeding level with respect to energy. I'd like to hearFrenh breeds, which might have useful information your comments on that in relation to the statementFr ouh. you made about saving the best grass for the postpar

tum period. 

Hight. I think, though, we've got to be very careful Hight. In the first part of your question, we have 
that we evaluate the role of the exotics and where found little trouble in getting the straight-bred Frie
they fit and in what proportion we use thern before sian to calve on schcdule at 2 years of age under 
we adopt widespread (xploitation of these animals. reasonable feeding systems. But under some drought 
The point that has been driven into us is that vithin conditions, the straight-bred Friesians have tended 
their existing breeds there is an enormous variation to have a delayed onset of estrus, post-calving in 
in productive performance and quite a lot of that its second mating. As far as the Friesian crossbred 
variation is inherited. If we have enough ingenuity animals, in this case the Friesian-Jersey, Friesian
to isolate those an ials of high produ(lion, bringing Angu.;, and Friesian-Hereford cross, compared with 
them into a comnoo environmern so that we (:an the straight-bred beef breeds, we've had no probhm 
compare thein with each other, there is an enovrmous in that at all in the 2-year-old. 3-year-old, or subse
potential available for animal breeding. The large- quent calvings and comparisons of mating behavior 
scale group breeding schemes in New Zealand ier- data. percentage of animals mnated at different times, 
haps illustrate what can hbe done Ihrough farmer-to- percent pregnant, etc. The crossbred animals have 
farmer cooperation. !i costs us-all costs in record- had a similar distribution pattern to our straight-bred 
ing, computlrcosts, technical costs an( so on-aout beef breeds. I think it's very important to fit the 
$5 per ram p)roduli;e(l in our large-sce breeding managemen t ad feedi:ng system to the genetic 
scheme and in that one scheme alone, in ran and capability of the anirnil, which you and others 
bull Costs, W'e saved a quarter Of a million (ollars emphasized yesterday. That seems to me to be 
a year over a p)opulation of 4000t0t) breeding e,'es critical. 
and :1400(0 breedinrg covs all in the one setlip. And The second part of your question was the feeding 
Ihere's no reason why Ihese jrinciples can't be level interval from calving to first estrus. I feel that 
applied to other countries appropriately adapted to we've got ii lot more work to do on this but in 
the social and coonli: situation. Tbe second part general I Would agree with you that I think the 
of your question concerned lhe mating p)ro:edures suc':essful onset of estrus post-calving, which is 
used. I'm not quite sure what you mean, but as far critical in setting up calving patterns in beef breed
as sheep populalion goes, except in recorded poi- ing herds, does require an integrated effort pre- and 
lations where you obviously wanlt sire and (fam post-calving in levels of nutrition. I think that if 
identification, most bull breeding herds would be you bring your cows down too far in condition at 
single sire mated regardless of whether they were calving, that because their feed intake is limited 
recorded or uot, though the bulls may be rotated and you've got a limited time from calving until 
armong mating groups witl about 45 to 50 cows you join theim with the bull to get a concentrated 
mated per bull in single sire groups. In the case nating, you must feed them well before and after 
of bireeding ewes, these are usually mass-mated. calving, particularly after calving. 
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Small farms, mechanization, operitin, i:osts, and 

hilly topography all have ciontrihuted to making 
mai\'farming enterprises marginal in the northealst-

ern tUnited States. Many abatndoned farms have been 

purchased by neighboring farmers to nike prtfitihlh, 
units. Other farms held for ippreciation. without 

soil amendments. grazing. and occasional mvowin. 
are reverting to objectionale species (Dore. 19:3). 
It is increasingly more costly to restire su:h land 

to desirable griazing atrea. 
Agricultural land is being diverted t: urban, roaid. 

igrictl-and industrial uses. In the future, ruminant 
ture on (:roplands may be replaced hy crops for direct 

human consumption. Thus, hilly lad in the north-
eastern U.S. can tntribute sublistintiallv to the food 

supply through efficienlt forage-animil svsties. 
ifistorically forage from the soil-climatt, oiplx 

in the humid Northeast has nourished horses and 

ruminants. No serious toxicity prohlems exist: si-len-

ium deficiency is a problem in stim iris,.nd g- ss 

tetanviscommon. E:xcept fortheshrt lgrazing seson 
in the more northern laitiudes. operation c(osts ain 

be reduced )ysimpl, for i-animil nigimnt 
systems isdiscussed heiinin. 

FACTORS IN DEVELOPING AND MANAGING 
FORAGE ANIMAL SYSTEMS IN THE NORTHEAST 

Perennial Forages 

1. Shiftin- a forest climax to peirennial forages. 
There is rather miiod rainfall distribution (8118 to 
1049 mm). an(] mean annual temperatures range 
from 6.9 C to 13.3 C in the Northeast. Temperatures 
are milder and rainfall higher in adjacent Mid-Atlan-
tic states. The effects of the Climite plus forest climax 
vegetation modified by parent materials haive led 
to the development of soils that are mildly to strongly 
acid, low in organic matter and fertility, and struc-
lure(] so as to inhibit development of (leep roots 
because of poor aeration and fertility (Jenny, 1941). 

The nutrient and pit requirements for perennial 
forages are higher than for forest species; hence, 
soil amendments for forages are essential. Soil N 
and other nutrients restrict growth and maintenance 
of grasses (Kennedy, 1958; Marriott, 1961; Robinson 
and Sprague, 1947: Wagner, 1954). Lime, phos-
phorus, and potassium must be applied to deficient 
soils for economical yields, N being supplied by 

legumes in prtinniil mixtures such as bluegrass
white clIveir (/Voa Iratensis L.-Trifolimn relwnS L.), 

i:lover (l1actylis glom'rata L.-T.crihardgrass-Iadino 
.rtpes 1'.), tlimethy-red clover Wh lii PrI,'ioi.5' 7. 

pr, o1st, 1L.). and bliigralss-Ifirdsfoot trefoil (1'. mrl

lvnsis .- Lofts corniculatus L.). N fertilizer sped 

up retenrtiion of forage graJsses iut deterred leg

oimes ( eutlont. 1932: Bo(wn ill.,1960; Brown 
and Munsell. 1941: Cirrier and ()akley. 1914; 

lutcheson. 1941: Nowosad, l:1:; Odland, 1930: 

Pohlmn and Co(rnell. Jr., 1943: Robinson and Price, 
l.1950;
19:31: Schallhr and idhmn. 1955: Smith e t.. 

Spragu ot ,l.,19.17). 
Lndesiribh \egetlimi oil potentially prolductive 

soils in favor~tl)h, environments nlay 1iwilpro(ved 
y: ( ) ipplying soil ,1ienduwnts wilhlout reseeding 

(Brown inl Nitunsell, 1956: Brown H.i ill..1960: 

Phlnan and Cornell, Ir.,19-43: Smith till..1950); 

(2) plowing or olther svdbed preparation with ro

seting and soil ,iimeilmneriits: (3)piirtially destroyv
ig tinprilvtitive vegetation nwchainicallh .'r with 

iiil soil il(lflents,J)Ilying seed illil 

(;ribr. 1927: llirrington and Waishko, 1962: Smith 
it l., 1950: Sprague. 19;0: Sprague, 1952; Sprague 
tital., 1947.): and (4)estlilishing legumes wilhout 

oestroving sod' by pplv)liig ne.ed sOil amend
ments and resed ing legumes With various methods 

such as: (a) grazing cl(isely and surface seeding or 
drilling (Blaser t i., 1969; TemJ)letin t a!., 1970; 
Wolf, unpublished data). or, (b) seeding in bandts 
bv re.duiing competition by tillage or herbicides 
(Taylor and Templeton, 1976; Van Keuren and Trip

let, 1970). Sprague N al., 1952, fumnd that itrequired 
three years for tol)ressed pasturi to produce yields 
similar to (;umplete reniivation. Reseeding of white 
or ladino clovers ycarly witlout soil preparation gave 
good stands (Blaser ot l., 1969: Tllempleton (, il., 

1970). During 25 y'ears ifgood milanagelent of 
continuously grazd luegrass-white (;lover pas
lures, white clover has persisted via perennial plants 
and nalural reseeding (Blasemr el a) 1969). 

herbicidts nlid 

2. Nutritionalvalhe and yield of 1. wimiial forages 
adapfed to hill lands. With iontrolle.. ieafiness and 
availability, live weight gains/head and/ha of blue
grass-white clover pastures are similar to other 
grass-legume mixtures (Table 1) (Blaser M al., 1969; 
Bryant el 4l., 1961; Burns et il., 1970; Ronningen 
el al., 1955; Templeton el al., 1970). ive weight 
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TABLE 1. Potential animal performance and 

production per ha for pasture mixtures for hill 


lands as shown by Maryland and Virginia data' 

Avcrage Liv 

Daily Weight 

Grazing Gains, Gatins 

days/ha kg/stleer kg/ha 

Pasture VA VA VA MD 

(rchard ghgrass-ladino clover 
No N 280 0.56 369 410 

Orchardgrass-wilh N 349 0.41) 374 

Ky 31 f6scue-ladino clover 
No N 3140 0.46 347 378 


KY 31 fi-s:ue--with N 452 0.41 412 

III twgrass-wh~i t clover 
290 0.55 350 392No N 

"Blaser e al.- 1960; Ronningen elA., 1955. 

gains for iluegrass-white clover pasture in Maryland 
aMd Virginia were 350 and 392 kg/ha, respectively, 
similar to gains from orchardgrass or Kentucky 31 

tall fescue (Fest uca arundinaceaSchreb.), each with 

ladino clover. Live weight gains/head for tall fes-
lower than for mixtures incue-ladino clover were 


Virginia. In Kentucky, live weight gains/ head graz-


ing Iliegrass-ladin i clover and hIiiegrass-alfalfa 

were indenticaI (0.56 kg/day ):live weight gains for 


the two mixtures were 382 and 60t12 kg/ha, respec-

e lowever, the alfalfa -bluegrass was fertilizedlvey 


illhigher rates. During six years in Virginia, 

to he higher for -ontinuously
gilins/head tended 

clover than for grazing sev-grazed iluegrass-white 
evrl legume mixtures in rotation. In the Appaahian 
region of North Carolina, when grazing bluegrass-

w%,hite c;lover withii some or(ha rdgrass, gilins were 

0.58 kg/healc/ day alnl 192 kg/ha/yvea. Supple-

enial grazing with alfalfa or birdsfoct trefoil or 

seelding hirdsfoot trefoil in bluegrass-white clover 

pasture did not generally imlprove gAins/head or 

/ha. Dairy cows grazing alfalfa-orchardgrass or 

bluegrass-white clover-hirdsfoot trefoil gave similar 
were highestamounts of milk, but milk yields/ ha 


with alfalfa. 

When grazing various teml)erate forage grasses 

with similar leafiness, grazing pressure, and legu-

mnioutis compolnents, similar animal performance, 

occurs, except for tall fescue. Tall fescue usually 

depresses i. mal perfornmanc: because of low intake, 

and its bro(aI adaptation a nd aggressiveness de-

iresses legumes (Blaser vt al.. 1969; laser vt al., 

197 G). 
About '1930to mid-1945, a concept developed that 

bluegrass was an undesirable, unprodutctive, sum-
experi-meri-dornant, low-quality grass. Thus, in 

inents in many states, it was eradicated by fire, 

BLASER, ET AL. 

herbicides, plowing, discing, and seeded to other 
species such as orchardgrass, timothy, ladino clover, 
red clover, and alfalfa. This unfortunate concept 
became prominent because the yields of unfertilized, 
weedy, clover-free bluegrass were compared to liber
ally fertilized seeded spec ies, giving inflated yield 
advantages over bluegrass pastures. Also, the mow
ing techniques suited for taller growing forages 
underestimated the yield for bluegrass-clover inix

tures (Blaser tal., 1969; Ronningen el al., 1955). 
Yield potent ia Is of perennials are often confound

ed with soil characteristics and utilization methods; 
e.g., alfalfa or red clover harvested for hay on fertile, 
well-drained soils produce more than bluegri,,
white clover; whereas, on shallow, fertile soils for 
pasture, yields may be similar or best for white 
coe shvmixtures haveclover-bluegrass. Bluegrass-legune 

excellent potentials on hilly lands in the Northeast;
 
they are persistent, responsive to management,
 

widely adapted, suitable for flexil,e management, 
and of quality equal to other temperate species. It 

is common knowledge that productive bluegrass
white clover mixtures with fair management have 

persistel in the Appalachian region for over 100 

years without reseeding. lluegrass-white clover 

mixtures during favorable seasons without N pro

duced 7840 kg/ha, as compared to 9 500 kg/ha with 

N plus irrigation (Robinson and Sprague, 1947). 
Growing legumes with grass associat ions improves 

animal performance, as compared with N-fertilized 

grasses, and generally reduces costs of producing 
forages (Table 1) (Blaser et a1., 1969; Burns et l1., 

1970; Davis and Klosterman. 1959; Van Keuren and 
leg-Ileinemann, 1958). Higher animal outputs from 

ume-grass than from grasses is attributed to more 

rapi(l digestion of the legumes, thereby augmenting 
intake (Thornton and Minson, 1973). 

3. Foragegrowth curve, digestihility,.and animal 

performance. The growth c:irve for bluegrass-white 
with variable stocking toclover pastures, obtainecl 

(head/maintain a near constant grazing pressure 
available forage), shows a carrying capacity of over 

six head/hl during spring and around two head 

during summer (Fig. 1). Low sumier yields are 
stress and reductions inassociated with moisture 
M al., 1947, and Wolf,photosynthesis (Sprague 

unpub. data). Although all temperate species have 

similar growth curves, deeper rooted species such 

us red clover and alfalfa prodtice more in summer 

than bluegrass-white clover (Blaser et al., 1969; 

Sprague et al., 1952). Bluegrass with clover gives 

higher yields than orchardgrass during autumn. Tall 

fescue with early spring and late autumn growth 
with ere,t leaves that stay green most of the winter 

is desirable for winter grazing. August N-fertilized 
canopies aCcumulate tip to 4400 kg/ha of forage 

dry matter (Taylor and Templeton, 1976; Van Keuren 
and Triplett, 1970). 
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70 1960
Relative grazing 0 

pressto' at a 
constaiL stocking 
rate of 2.5 steers/ha 66 

DM Digestibility 

62 

Seasonal growth 6 
E_ 581961

58 
8
8 

as shown 
stocking 

by 
raL s at a 

e 
. 

near constant grazing 

6 pressure 28 
4C 

4 ~2 

z 20 
Lz 

0 16 
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Figure 1. Seasonal stocking rates at a near constant grazing 
pressure vwith bluegrass-white clover pastures and relative 
grazing pressures at a near constant stocking rate of 2.5, 318 S 
kg steers per ha. Constant light stocking, commonly used by 
farmers, wastes tie spring forage highest in digestibility when 2 4 7 9 1.I 1 
milk or meat output is highest per head (Fig. 3, Blaser et al., 
1969). WEEKS OF REGRO1[H 

For ij ot il k , d i ! ii, witwith s(e ts(H| Figure 2. Kentucky 31 fescue was cut and accum ulated after 
(1(11t O IS . i;lin utlit.. it l l)ii t ii: intirpluing f rs Septem ber 2, 1960, anti after August 14. 1961 Higher in vivo 

digestibilities for 1960 than for 1961 may be attributed to cooler 
(Bla:ser t A.. l976). For .x, npie. physiologhia temperatures while top growth accumulated. Chemical constit
reat its 'v bin a,planl p )S 'ss (iiffernI I optimutn uents are shown for 1961 only. (Bown er. al., 1963.)
 
temperatures: photosynthesis occurs at lower )lpti
ma than dry natter proluction (Brown in Bhiaser,
 
1965). Thus, as ciinopies of a tiiol-tolrant spe(ies weight gains appea'r allied with digest ihlitv. v,,lues
 
such as tail fescu(eW accumulate durin,, the t:ool heing 73.0, 54.6, mnd 58.7 '; for eirly spring, August.
 
autumn season, cellulose aind lignin prcenliges and Septtlh(!(!r. respctiveiy. The changing t)r(.it
decline because n( tructural carhohvrates (TNC) ages of TNC, lignin, and c;ellulose in forage may
 
accumulate rapidly(Fig. 2). Nearcompiete digeslihil- influence animal performance. In another hluegrass
 
ity of TNC causes accumulated canopies to maintain grazing ex)priinnt, steers in a thin condition gained
 
high digestiilities. For sumnergriwths during high 0.92 and 1.14 '.g daily during I4 dhys of spiring
 
temperatures, the high rates of respiration compiled grazingwhen stocke(d at 2.5 and 1.25 steers/ h (Fig.
 
with low rates of photosynthesis cause low TNC 4). Sutmmer gains declined with low sto:king anti
 
and high cellulose and lignin percentages (lllcser were very low with high stocking. 
et a]., 1976, anti Wolf, unpuh. data). During normal spring seasons, ahluoit two-thirds 

Thus, for a given forage, morphology (stage of of t,e year's growlh is produced during the first 
growth) and grazing pressure, the out put per ruii- third of the season (Ilin and Cotok, 1934). With 
nant varies with season (Fig. 3). The shifting daily constant and light stocking to assure an adequate 
live weight gains from high to low to medium for supply of forage during summ,,er, as pract ice(d by 
spring, summer, anti fall, respectively, occurred with many farmers, an eslimated half of Ihe best quality 
each of threestocking rates for hltegrass-white clover spring forage is wasted. Some princip~les to apply 
pastures. There was much ungrazed forage with light to ruininanI-forage management syst ems are: (1) 
stocking (Fig. 3). Spring gains were not inflated as shifting dry lot fed dairy cows to high qualily flush 
the heifers were wintered to gain ahoul 0.4 kg daily, spring pasture woul he good management on some 
Also, all three stocking rates were 50% higher in farms; (2) fall calving with July weaning would 
spring than for the other seasons. Seasonal live furnish the most and hest pasturage when calves 
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Stocking rates above were for the spring season-about 100 
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steers/ha. (Hein and Cook, 1934.) 
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need more energy; (3) stockers and dairy replace

ments might be stocked at a double rate to utilize 

the spring growth; (4) lambing could be dated so 
cattle finished forlambs utilize spring growth; (5) 

ligestible intakeslaughter would obtain the highest
during the spring season: energy supplements during 

summer would be liberal. 
4. Stage of gro,,th, grazing pressure (nutrition), 

utilization methods. Details on managing forage,; 
for persistence, botanical balance, high yields, and 

quality with grazing pressures and methods of utili
as related to animal performance appear

elsewhere (Blaser et al., 1974; Blaser et J., 1976; 
Blaser et al., 1973); hence, this discussion of animal

forage systems is brief. 
perennial forages shift from leafy to stemm y 

growths, yields increase, but animal performance 
declines and may become negative because of low 

digestibility and intake (Blaser et A., 1976: Kennedy, 

1950; Smith, 1973). Because hay and silage crops 
in ad vance(d stages of growth andi encounterare cut 

and leaf losses, animal performancefermentation 

is better with judicious grazing of leafy pastures
 
than with silage or hay feeding (Blaser el al., 1969;
 
llaser t al., 1976; Minson et A)., 1960; Reid, 1959;
 
Van Soesf, 1965).
 

As grazing pressures (animals/forage unit) in
crease, the output per head declines and even be
comes negative (Mott, 1960). Digestible intake dle

clines with graizing pr(ssures. Increasing stocking 
rates (ruminants/ha) are often allied with grazing 
pressures blut are not good indices for predicting 
animal performance over a range of environments 

of the variability in forage productivity of 
species ,.Vith naturally varying soil, climatic, and 

factors. 
The ollt put/ h(i' Can he hest with any grazing

meuthodl, depending (.ni the grazing pressure, canopy 
ruminant controlmanagement, growth stage, ant 

ani technique (Blaser et al.. 1974; Blaser el al., 1973). 
When good utilization (heavy grazing pressure) is 
practice th rotational grazing, the limited selec
live grazing gives lower animal outputs for rotational 
than for continuous grazing. During rotational graz
ing within a fresh pasture, the shift from an abundant 

canopy to a sod residute as cattle consume the forage 

simulates a shift froni a low to a high grazing pressure 
and a high to a low nutritional intake as forage 
is utilized in a pasture. This is verified by undula

inanimal performance. With continuous graz

ing, there must be some excess forage, thus a ten
dancy for lighter grazing pressure, more selective 

grazing and a more even and slightly better nutrition 
continious than for rotational grazing. With 

controlled grazing pressures, growth stage, and ho

tanical composition, outputs per animal for rota

tional anti continuous grazing are similar. Thus, 
ascontinuous grazing of many species such 
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or tallbluegrass-white clover, orchardgrass, 
fescue with ladino clover common in the hilly land 

in the Northeast provides animal performance corn-

parable to rotational grazing. However, somewhat 
higher outputs/ha occur for rotational than continu-

otis grazing at high stocking rates. OFc.it.:ous rota-

tional grazing with tall species such as alfalfa gives 

sharply higher animal outputs/ha than continuous 

grazing. Rotational grazing is most useful when made 

a part of forage-animal management systems. 
High outputs/animal with low grazing pressures 

cause wasted forage, low outputs/ha, and declines 
in forage growth and quality because of loss of 

clovers, ,,veed encroachment, and low recycling of 

animal excreta (Blaser et al., 1974: Johnson, 1970; 

MNott. 1973; Sears, 1950). 

TABLE 2. Daily live weight gains of steers and 
milk production per cow as influenced by two 

animal groups (first and last grazers) and 
ordinary whole canopy rotational grazing' 

Rotatj(Jfdl 
Grazing Ordinary 

Tvo Animal Rotational 

MGroups Grazing, 
P(sur Mi/hr) ;First Last I Anim 

kg 

224 0.56 0.36 0.44Orchardgrass-N 
Tall fescue-N 224 0.50 0.34 0.40 

Orchardgrass-ladino clovr 0.70 0.52 o60 

Tall fescue-ladino clover 0.60 0.35 0.54 

Bluegrass-white clover 0.68 0.45 0.59 

0.61 0.-40 .51
Averagi:195e and 1959 
Milk Cows, 1957 

Orchardgrass-ladino clover 19.50 13.86 

Orchardgrass-alfalfa 14.72 9.90 

'Blase.- el cdl., 1969. 

High outputs/ha and /head are obtainable by 

using two groups of animals-"first and last" 

grazers-in a rotational grazing plan. The first 
grazers, with low grazing pressure and high nutri-

tional intake, augment output/head sharply as 
a 	highcompared with last grazers which simulate 

grazing pressure with low nutrition (Tables 2 and 
3). These grazing pressue concepts should be related 
to supplying the nutritionai needs of ruminants in 

forage-animal systems. 
5. Supplying nutritionlalneeds of ruminants with 

perennialforages. Perennial grass-legume mixtures, 
when leafy and grazed at the appropriate grazing 
pressure, generally supply all dietary needs, except 
salt and certain mineral supplements of cow herds, 

sheep flocks, stocker cattle, replacements, and fin

ished slaughter cattle with special animal-forage 
and short finishing ofmanagement: lactating cows 

and lambs also require energy supplementscattle 
(N.R.C. 	 1970; Wise et al., 1967). 

The nutritional re luirements and economic re

turns from liberal feeding differ for classe. of rumi
nants and for production cycles. For examle, beef 

cows tolerate variable low-to-mediun nutrition and 

do not give additional returns for high and costly 

nutrition; however, continuou' high nutrition is 
for calves. For example.necessary and economic 

after calves were 4 months old, cows were fed at 

low and high nutrition for daily live weight gains 

of -0.54 and +0.23 kg. The nutrition of cows did 
fed calves,not influence the gains of their creep 

which averaged abJut 0.91 kg daily. However, 
to milk from liberaly4-month-old calves restricted 

fed dams gained only 0.15 kg daily. In a 45-day 
experiment, 4-month-old calves with their dams on 
pasture gained 0.82 kg daily. Other calves, nursing 
in dry lot twice daily on cows grazing the same 

et a)., 1974;pastures, lost 0.04 kg daily (Blaser 
Hammes et al., 1959). Also, 8-week-old Jersey calves 
weighing 55 kg digest high quality grasses as effi
ciently as cows (McArthur, 1957). 

To minimize feed costs, needed nutrition inust 
e timed with cycle of production. Good nutrition 

a few weeks before calving until
for cows begins 

old. This coincides withcalves are 3 or 4 months 
calving, producing milk for young non-ruminating 

calves, and early estrus and conception. Thereafter, 
or high grazing pressuresrestricted hay feeding 

Cows losing 80below maintenance are practical. 
to 100 kg yearly in 5 successive cycles during 4 

months to a few weeks before calving regained 

weight rapidly on good pasture and did not advorsely 
influence conception or birth and weaning weights 

of calves. 
Animals and forages should be managetd concur

rently in systems to furnish the nutritional require
ments as follows: (1) excellent for calves and lambs, 

(2) variable medium to low for ewes and beef cows, 
(3) medium to excellent for repla(ement heifers and 

stockers, (4) excellent for finishing cattle, and (5) 

super excellent for high-producing lactating cows. 
High anti low grazing pressures cause low and 

high nutrition with palatable grass-legume mixtures 
(tall fescue excluded). Light grazing pressures with 

continuous grazing, first grazers in rotational graz
ing, or creep grazing give the best possible nutrition 
from perennial forages. (;razing pressure! is the key 

for rationing the needed nut rition for classes of 

ruminants and for compromising production/head 
and /ha wisely. Low nutrition with high grazing 
pressures ((close grazing) causes low proiluc

retion/head as selective grazing 	 andi intake at, 
is of good enoughstricted. However, sutch forage 

678
 



BLASER, ET AL. 

TABLE 3. General and relative associations among parameters for a given pasture-animal 
complex at various grazing pressures' 

Ilertage Ungrazed Nutritional Yield of Potential 

Status Animal Products Pasture 
Stocking' Grazing per Selective Wasted 

Per Head Per Hectare Yield 
Rates Pressures I lead Grazing I lerbage per Ilead' 

Contintius Grazing 

Low 
Low Low Hligh I igh H igh 	 Iligh High Low 

Medium Medium High High
Medium Medium Medium Medium Medi io 

Medium High (-)
High High Low Low Low Low Low 

Rotational grazing-I ligh to Low Nutrition While Grazing a Lot 

Starting Grazing in a Fresh Pasture (as with First Grazers) 

Medium Low I ligh High 
Finishing Grazing 

Low 

Mean values Medium Medium Medium 

itllaser 0 i1.,1974. 

Medium Iligh Low 

I ligh High High 

in a Rotated Pasture (as wth Last Grazers) 
V. High 

Low 
Medium 

Low 
Medium 

Low 
Medium 

V. low 
High High 

"Stocking rates are not necessarily allied with grazing pressures, and constant stocking rates cause sharp changes in grazing pressure 

(Fig. ti). 
'Intake of digetslibhle eliergy and protein and minerals. 

nutritional quality to maintain animal health at 

suh-inaintenance levels. 
Low grazing pressures to obtain high animal per

formance sacrifice output/ha since much forage is 
wasted. Thus, using ruminants that require high 
nutritional intake as first grazers and others that 
require low nutrition as second grazers avoids wasted 
forage and maximizes returns/ha. Examples of first 
and last grazing practices which cation nutritional 
intake are: (1) finishing steers as first grazers and 

beef cows as second grazers (calv'es (:oul creep graze 

with steers): (2) finishing steers first and stockers 
last; (3)high producing lactating inilk cows first, 
dry cows secotnd; and (4) cree p grazing calves while 

cows encotinter heavy grazing presstres. Such man-

agements (can he simnple, requiring only a few fields 

(see Forage Animal Systens), 

Animal Performance with Annual and 
Perennial Forages 

The more level fields suitable for inechanization 
iay he used for high energy silages (grain cultivars 

of corn and sorghum ha rvested when nearly matire) 

for finishing steers, wintering young stock, and 

feeding lactating cows. Erosion prolleins can be 

nii inizetd oin rollling topographies by sod seeding 

t r IO e crpp in g small grains with corn or sor-
r th
ghuni.
 

Approximate live weight gains attained on various 

harvested forages and ol pasttres are given in Table 

4 for yearling cattle ingood condition that had gained 
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TABLE 4. Cattle gains from forages at the 
TABLi Forae garh fon, Middle 

Virginia Forage Research Station, Middleburg 

Forage 

C(-rn-50 :, grain hard dent stage. 

38-42'% dry mattei 
Short grain sorghums-hard dough 

stage 
Medium height grain sorghums-hard 

dough stage 
Alfalfa-orchardgrass-wilt(I 
Wheat-hard (tough stage 

Barley-hard dough stage 

Ryte-50)% headed, wilted 
Forage sorghunm--male sterile 

Corn silage & alfalfa-orchardgrass 
silage-3:l ratio 

Alfalfa.orchardgrass -direct cut 

Alfalfa hay 
Pasture-hvavy grazing pressure 

~Paslore-medimll grazing pressure 
Pastur-lighl grazing pressure 

Approximate Average
 
Daily Gains (kg)
 

S:p. a" Sup. h" 

1.05 1.23 

0.91 1.05 

0.82 1.00 

0.36 0.59 
0.68 0.91 

0.59 0.86 
0.36 0.91 
0.23 0.73 

1.00 1.14 
0.01 0.77 
0.36 0.77 
0.41' 
0.64' 
0.73 ' 

"Sup. a-Protein supplements for grass silages. 
1 of body weight."'Sup.h--Protein and/or corn grain equ aim 1 

"No supplements. 
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around 0.34 kg daily. Using 2-year-old steers under 
maintenance or sub-maintenance rations before 
evaluating forages would inflate gains as much as 
50% ([hunt, 1917: Kincaid et a., 1958). Steers con-
sistently gained more than a kg daily, reaching choice 
carcass grades when fed corn silage supplemented 
with urea or a 50/50 urea/protein meal mixture 
hased on N content and minerals. Small grain silages 
were of mediuni quality. rye being poorest. Iigh 
energy silages (corn an d gra in sorghums) need not 
be supplemented with grain for finishing mature 
cat tie. Alfalfa-orcha rdgrass mixtures fed as silage 
or hay gave animal performances inferior to corn 
silage, as well as some small grain silages and 
pasture, except at high grazing pressures. 

FOAGE-ANIMAL SYSTEMS 
In grazing regimes. animals and lplants bo0th must 

be consid(ered concurre ntly. Two inseparable con

c:epts are: (1) manage ruminaints to "fit"and utilize 

the seasonal qualitv and quantity of forages (Fig.


1ani to - q - 0 (ruian3) fo obtain nutritional needs of various 

ruminants for cycles of production and (2) manage 

soils anti] plants for spe~cies longevity, balance of'-
C, aiy uitan(
components, phtntiall high yields a qb 

good forage distribution. Frmrn nits must he CCO-

nomit:al and production/aninal and /'ha wisely
 
compromised. Systems of management vary with 

soils and topography, class of ruminants, facilities,
and operating knowledge and should be as intensivewith low labor. ot 

inputss 

as possie hil ina(hiner .
 

Systems for Steep Land Areas 
1. Cow-Calf Herds. Steep topographies with little 

or no land for tillage and with various perennial 
grass-legume mixtures are suited for cow herds or 
ewe flocks, stockers, replacements, or for finishing 
cattle for slaughter (priorities are in the order listed). 
Fig. 1 shows that constant stocking rates cause 
extremes in grazing pressure becatuse of flush spring 
and slow summer growths. Some operating princi-
pies are: (1) utilize the flush spring growth of highest 
quality by doubling the stocking rates; (2) harvest 
the fields not used for spring grazing for winter 
feed; (3) graze more pasture area as needed during 
summer and fail; (4)accumiulate some mixtures, 
especially tall fescue with red clover, beginning in 
earlyAugust for wintergrazing; (5) graze all mixtures 
until early summer, when pasture is inadequate, to 
reduce grazing pressure and replace hand feetding; 
(6) shelter for hay and cattle is not usually needed; 
(7) manage cattle to recycle animal excreta evenly. 
Thelattercan increase productivity by 25% or reduce 
fertilization costs (Sears, 1950). Shelter and shade 
cause animals to bunch excreta and augment pollu-
tion; and (8) use ruminants, especially beef cows, 
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to replace machines, fossil fuel, and labor: e.g., (a) 
with heavy spring stocking, animals eat young weeds 
and encourage clover, thereby making mowing 
unnecessary (Carrier and Oakley, 1914; Johnson, 
1970); (b)heavy continuous grazing during fall to 
spring regenerates surface-seeded legumes as sparse, 
short sods reduce competition for legume establish
ment making machine renovation and chemicals 
unnecessary. 

Simple forage systems with these principles and 
low cost inputs for raising calves efficiently are 
exemplified by preliminary results from a Virginia 
experiment. Each three field system has two fields 
primarily for winter feed and 55% of the area in 
one field is pasture. Of three forage systemrs (Table 
5), a common systen (a) of hay for winter feeding 
on bluegrass-white clover pasture is compared with 

clover with stockpiled Kentucky 31(b)tlallbluegrassfescue-redpasture ,nd (c fescue-ladino) clover 

pasture with stockpiled fescue-red clover. Pastures 
are grazed from April to fall. 'The fescue-red clover 
fields are hayed once, summer grazel, and thenstockpiled accumulating aroun(I 4000}(} kg of dry 
matter/ha from early August onward and rationed 

for grazing during November- May. lay in systemsand c is slacked in fields with a buck-rake stacker 
for self feeding, if needed, or for use during snow 
c Some forl these syste'ms has also been!l(over. hay 
ba' andIstored or round 
D t h late b a or the nig r raDuring the te season, the entire areaedr-springis grazed to repIace hay feeding. Lat spiring grizing 

delays the fescue-red clover harvesting, but this 
facilitates hay curing in June. Spring and fall calves 

obtain all their feed from the systems. With someb and c systems, hay feeding has not been necessary 
for three years. Alfalfa-orchardgrass is usually cut 
and baled for hay twice yearly and grazed, creep 
grazed, and late aulunn grazed. 

Simple wood panels with open apertures between 
all three fields in each system serve for creep grazing ' 
when cows encounter heavy grazing pressures. For 
examlIe, fall-horn calves encountering heavy graz
ing pressures in spring creep graze oie alfalfa
orchardgrass or one fescue-re(d clover sward in the 
rc-spective system, even as the first hay crop develops. 
Staggering hay cutting provides young growth for 
creep grazing. 

Creep grazing encourages heavy stocking with 
cows, high weaning weights of calves, and high 
production/ha, as calves do not encounter heavy 
grazing pressures and stunted growth. When grazing 
pressures are high, calves readily "crawl" through 
the creep gaps, leaving their mothers to graze selec
lively, even alfar ends of the field. Calves respond 
to creep grazing only when there is a heavy grazing 
pressure; low grazing pressures or changing and 
complicated managements explain the negative re
suits often obtained with it. If energy supplements 



BLASER, ET AL. 

TABLE 5. The performance of beef cows and calves as influenced by forage systems, calving season, 

and stocking rate (average values during two years, Virginia Forage Research Station)' 

Fora, 

Pasture 

a. Bluegr-white cI 
h. Bluvgr-white cI 
c. Fes-ladito c 

a. Bllegr-white cl 
1. lllcgr-white cI 
c. Fes-ladino cl 

1). lHllIgr-white cl 
1. Illuegr-white ci 

a. Illuegr-white cI 
a. Il!.:gr-white ci 

Calf Data 

Stocking Gain/ Weaning Seasonal Live Weights o Dans e Systems 
Weights"Rate, ha/ DayWinter Feed 

Dec.or Pasture Cow & Calf (kg) (kg) 

A. Systems with Spring (February-March) Calving 

Alfalfa-orchardgr 0.65 0.95 238 553 

Fes-red clover 0.65 0.94 244 524 

Fes-red clover 0.65 0.86 210 504 

B.Systems with Autumn (September-December) Calving 

Alfalfa-orchardgr 0.65 0.81 	 235 500 
236 515Fes-red clover 0.65 0.89 

Fes-red clover 0.65 0.78 215 504 

C. Systems with Stocking Rates Compared. Spring Calving 

524Fes-red clover 0.65 0.94 244 
502Fes-red clover 0.81 0.96 	 235 

D.Systems with Stocking Rates Compared. Fall Calving 

Alfilfa.orchardgr 0.65 0.11 	 235 506 

0.89 246 518Alfalfa-orchardgr 0.81 

(kg) 

Apr. July Dec. 

478 505 552 
437 484 510 
445 455 506 

449 485 528 
471 494 531 
424 473 522 

437 484 510 

535 474 516 

449 485 528 
446 487 537 

"The cows were rl.strictetl to the systems all year without shelters. 
once daily (5 kg TDN until calves were 4 months old and 3.2 kg thereafter).

Forage system a: Cows were fed hay 
Calves had ad lit) feeding of orchardgrass-alfalfa hay. 

Forage systems h and c: Cows and calves grazed the stockpiled Kentucky 31 fescue-red clover mixture during winter. 

were high to provide needed nutrition for calves. 
Creep grazing was practiced allyear whenever grazing pressures with cows 

"Spring calves weaned October 30 and oitnlnO calves weaned Jloue 30. 

may be substitutedare inexpensive, creep feeding 
for cretep grazing. 

Results for two years with the three forage systems 

with two calvings show sharp weight changes of 

cows, bit these have not influenced calving and 

weaning weights adversely. However, system c (fes-

:tue with legumes all ylear) is not recon mended 

since calves oti system t: have lower weaning weights 

than for other systems. Similar cow attl calf per-
rates atre attributel to ra-fotrmaances with stocking 

the forage to cows while tmaitt aining hightitning 

nuttrilion for calves with creep grazing. 

With tilhi;riss pasture, it simple system is to 
ott pasturet by doublerestrit~t co%% lords to thf, st'i 
tih areastocking dur rig ting. 'be uw:razed on less 

land hayed ini une ,ittd grazed immedialelyhilly 
land for laterafter lay is renovet~d adds 51% nore 

grazing. Mowed hIhuegrass residues are leafy after 
portions of bluegrasshaying. Yields of the hayed 

could lie improv(I by introduircing taller growing 

legumes (red or ladino clovers or birdsfool trefoil). 
into this simpleCreep gr,:zing coiuld be embodied 


sysltem. 


2. Stockers, Replacements,and Finishing.Stockers 

and replacements: Systems proposed for beef herds 

with lighter grazing pressures woult be st,itable. 

Forages should be high in legumes, and low energy 
with stockpiled tallsupplements may be necessary 

system is double stocking duringfescue. Another 
the spring-jely season and selling the heaviest cattle 

to feeders to reduce the grazing pressure during the 

summer-fall season. 
Finishing for sltughter: Yearling cattle grazing 

do not usually make satisfactoryperennial forages 
because ofliveweight gains for suitable t:arcasses 


inadequate energy ingestion (Black et A., 1940:
 

llaser et a]., 1976; Hein and Cook, 1934: 1leinermann
 

and Van Keuren, 19511; McClaugherty efta., 1975;
 

Wise et al., 1967). Steers wintered to gain about
 
.55 kg daily on pasture0.5 kg daily gained about 

and over I kg daily when sirppleimented with a 

self-fed fal-corn or silt-corn mixture to limit intake 

to 1% of bodyweight (McClaugherty vi al., 1975; 

Wise et al., 1967). When grazing bluegrass-white 

clover in West Virginia for 140 days with 2-year-old 

steers, apparently in thin condition, the daily gains 
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were 0.8 kg fur pasture alone, 1 kg with energy 
supplements during the last 70 days, and 1.1 
kg/head with energy supplements all season. Eco-
noitally, it was best to supplement energy for the 
last 70 days of grazing. 

Yearling steers grazing bluegrass-white clover 
pastures in the Appalachian region gained 0.8 kg 
daily during the first 70 days and 0.56 kg for the 
season (McClaugherty et al., 1975). With energy 
supplements during the last 105 (lays and for the 
entire season, the steers gained 1 kg and 1.1 kg/day, 
respectively. Hleifers with energy supplements 
gained 1.1 kg daily during the spring-summer sea-
son, making good carcass grades. Stocking rates were 
50% higher in spring than for the rest of the season 
to achieve better forage utilization. 

The data suggest forage-animal finishing systems 
for hilly pasture iand as follows: (1) Stock at constant 
high rates for the entire grazing season, stipple-
menting energy by early suimer when yield and 
quality decline. (2) Stock two separate pastures 
heavily with steers or with heifers fed energy sup-
plements, selling heifers for July slaughter; next 
supplement steers grazing both pastures for Octoher 
slaughter. (3) Restrict steers to 50";, of grazing area 
during spring, harvesting the ungrazed area for hay. 

Lighten grazing pressures during summer by grazing 
the entire area and supplementing energy. (4) U:se 
steers as first grazers all season without energy 
supplements and cows as last grazers. Calves may 
creep graze with steers. (5) Steers ant] ewe-lanlI) 

flocks could continuously graze together during the 

spring until the fat lambs are sold. Steers then could 

be shifted to first and ewes to last grazers. (6) Steers 
or heifers could be inanaged as first grazers: replace-
ments or stockers issecond grazers. 

Systems With Crop ant Hill Land 


Crop land in hilly areos is ideal feed for finishing
yearling cattle for slaughter and dairying. Continu-

ous cropping with corn, when erosion is not a 

p ro ble m , o r co rn-alfalfa rotatio n s pro v id es h ig h 
yields of quality forage with nearly balanced rations 

- otis 
for lairy cows and ruminants to be finished. Potential 
live weight gains range from 1 700 to 5 300 kg/ha 
for the best cultivars of corn silage supplemented 
with protein and minerals. It is generally not practi-
cal to substitute sudan-sorghum forages for corn or 

grain sorghum silages; the latter produce higher 
and reduce harvestingyields, and better quality 

costs. 

Systems With Milk Cows 

1. Manage lactating cows as first grazers, to con-
sume about 50% of the flush high-quality pasture 
during the spring-summer season, shifting to corn 
silage-alfalfa dry lot feeding when pasture growth 

is inadequate. Dry cows and replacements serve as 
last grazers until lactating cows are shifted to dry 
lot. Thereafter, graze the entire pasture area rotation
ally or continuously, depending on species. 

2. Use lactating cows as first grazers all season, 
beginning with bluegrass, and then graze regrowths 
of other grass-legume inixiures that have been har
vested once or several times for winter feed. (Grazing 
more land as the season advances promotes high 
nutrition by maintaining low grazing pressures. Dry 
cows and replacements serve as last grazers. 

3. Dry lot feed lactating cows all year when most 
of the land can he cropped intensively with corn 
silage and alfalfa: e.g.. maintaining tilth and fertility 
and controlling erosion. 

Systems With Beef Cattle
 

It is generally most l)rofital)le to use rations high 
in corn silage for weanlings, suckling calves, early 
weanel calves, or for short finish feeding for slaugh
ter. Stockers from perennial forage-aninuil systems 
mentioned earlier respond to finish feeding for 
slaughter when fed corn or grain sorghum .,,lages 
supplemented with protein and ininerals. 
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DISCUSSION 
flow (fll you estahlish your initiaUnidentified. 


stiocking ratev that you selected? 

Blaser. 13(B an came to 'Pl. lie said '
b !etret 

ccu tl , th .with ittare-,tnd-a-htf. \e w ere tdlkin " 
1Interms itt acres. l ti said. Yoi cant do it'' 

i itl we used one. i\,u, M .dthree. aicres.colm prt lni'i 
The stocking r~i at .68 ha/animll unit is tintlow, 

w sh i. \\'e hiirves tint crobitt nothi tg's )wiitg 
of ba|y rotn tht rid c;liv'er. the, alflfa is hirv(,sted 
one to three titnes..ian w; rer l kef'pinig Ildgif i 

,he exc .-s feed frtmi the' sytIetois Kitwe can ilco-
w hat w e'1t4'd. M ' joisl In~Iu aIgiitid guess tolatebe'perfei:ll frank. !ne:id'ntall' bhest' alre;more thlin 

twice the sltocking rtes tt;os.i-. f cittle 
iin \ 'ire 

T.R. Terrv (Kentucky, USA). Your fiarmiers obvious-
ly, in this case, use wov!o"l wire, bill creep grazing 

CalIs for sole goOli fe-ncing. Can yoil ((o itwith 
barhetl wire? 

Blaser. Yes, I think voni can do this with barbed 

wire. 

Terry. The other question is, where you cut one 


(cropl of red clover were yout able to maintain stands 


in the red clover longer than the two years ordinarily? 


w(! (ctit clover sniilate
re(l toBlaser. You know 

grazing for several years now. Incidentally, this idea 


tou orm g e ' 

came to ns from one of our graduate studells-he 

cut red clover in Atgust, Septemh(r, Octoler, No
\,ember, and it lived€ over tIHNlifu]]yN ,SOn0W'We're 

thinking on alfalfa. In the spring there's i little 

shortage of feed, and Dr. Dale Wolfe is working ol 

the scheme of grazing alfalfa continuouisly in the 

spring season till hluegrass pasture (omes along, 

This is the way to lighten the grazing pressure. You 

don't have to feed hay, and this is why with some 


of these systems we've gone through three Su(essive 
winters without feeding a bite of grain. The plants 
are more plastic than we think, and we're looking 
into this latter right no, of harvest handling these 
taller-growing plants in a way s( tha.lthere's less 
mechanization and also to help pravide nutritional 
leeds. When alfalfa is growing very slowly or red 

clover is growing slowly in the autunin, you(:al'[ 

pull the food reserves down hecause respiration is 

low, that is :ell division, ititd (xpipansion is low. 

Photosynthesis is very efficient heclu(se these are 
hotorespiring [)lants and Ihey're nore efficient at 

cool te iel) .7;ititrl s thain at hot ones, and so we're 
getting y. 

p


K. F. O'Connor (New Zealhnd). Thanks for Irving 
to put this analysis in terms of grazing pressure 

because Ithink this isthe really fruitful approach.
 

Let me remind peoiple here, hy wily of comincit
 
first of all, that hMckeekan never called his system
 

rotational grazing versus set stock. 

Blaser. Those that reviewed his work did. 

O'Connor. McAlekanI described the systmns that 
he was comparing iscontrolled heavy sto:king 

versus u , n rollhd h eavy stiicking and ti ;(Mtrolhl 
light sto:kiing virsus utincnlrol'd light sloi:king. 

aNow,. I don't think it's quit' fair to sity, it \.its 
thi
pult and take ont-that Ihe nuinbr of sto:k in 

syst(im s ,ivl th san.- ,Hitl hit'took iut ares for 

i;iiserv;|'if forage. 'hit was the "take'' if 'ii 
like. ,hris tt il tth generally means iiling 
anil'-, ilhii the sx'st'iti. McNeeknli it 195. said 
S l .ii)' it . ery c i t, I believe W ' iontintrly w hic~h 
naIly forgt. lie saiid: pilstil' .sUtltly is hlsically 

setI md hif'itly inilimst;: animal neds 
highty'"tdfi;'ttI intuitiral'. 'l'hinhessio that 

l 
cationi of fittlig thu iiiIi lit''ds culrve! to tlhi Iisture 
supply curveI lit tite wty thit yot've' exltresslw it, 

Roy, you've sinply your ster twi cirve 

(;raharn Iightiwas giviig its ii'liir "ais the itlpli

ites 
against your )atsture supply crviie anl it looks iavclry 

difficult kind iif fit, but of ;tiirse \')r steer iteed's 
curve is only part of your totl needs curve. 

Now, the miost importait single factor, isMeMeekan 

pointed out, in controlling your needs cirvf iwas 

your date of calving. You're in asituation here where 
eat hef the wholeIpresume that Americans want to 

you (;art your (late of icalvingyear round. And fit 
with different groups of ainimals to ininiptiliale your 
demand curve is you want. Ilow miuch thinking 

have you done abiout this whole business? 

Blaser. Very imuch, and our newest work is iacontract 
of $192,000 w h ich we won from the Federal Govern
ment, in whic;h we're doing just that. We are already 
planning in this system to market fat cattle in July. 
As a matter of fact, they ought to go to market anytimtne 
they're fat and we can help this along with some 
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grain feeding. Our animal nutritionists say for young 
animals we'll have to have some grain supplement-
ing-no more than 19% of bodyweight-in order to 
get the carcass grade we need, and I agree with 
them. 

One word about put and take. I did not mean 
that McMeekan used the put and take, but he used 
the principle of put and take. In other words, I don't 
look at put and take as changing animals frequently, 
only very infrequently. When you shift land needs 
as McMeekan did, he pulled out 401% of the area 
for harvesting silage in the spring and something 
like 40 to 50%. for accumulated grazing in the fall. 
We could call this feed budgeting, but the whole 
point is that he utilized the forage by shifting land 

what the put and take is to me.areas and this isThis ahelpfult us iaking pundgaeis o wha. 
This was helpfulto us in making judgmes on what 
stocking rates to us!. And we didn't miss it too 
badly except we were on the conservative side. 

John Balasko (West Virginia, USA). We're finding 
that the longer we accunlllate tall fescue into the 
winter season the lower the digestibility and I would 
like for you to elaborate on your statement that the 
longer you accumulate tall fescue in a fall-winter 
system the higher the digestibility. We're finding 
that fruclosans leach from the tissue and lower the 
soluble carboh 'Irate concentration and, as a result, 
our digestibilities are lower. 

Blaser. I agree with you. Dr. Ed Rayburn is working 

(in !0,is ',ry probhem. The first work that Brown 

(idl was to accumulate tall fescue from early Sep-
After some tin1 weeks, the diges-tenhlier onwards. 


tibility increased, believe it or not, in Ihe rialin of 


701. The next year he started aiccumulating frolm 

early 	August onward, and the dtigestibility %s in 
.. ,,,. it stirt ullit-t1; o "Iievethe 

oinward,. th, digestihilitylaling from juile or July 
will he mor nearly 55'. 'I'h whole pIint is that 

its soon as you get cold weather and soilie of the 
leaves fracture, then soluile crlrhohydrates leach out. 
Our dtala would show that y( accumulale around 

BLASER, EF AL. 

30% carbohydrates. Taylor, in a Ph.D. thesis, has 
shown that this declines as tile season goes on as 
cells are ruptured and apparently the solubet) car
bohydrates leach. However, we don't know the full 
story on that. 
Balasko. We have accumulated from the first of 
September. the fifteenth of September, and from 
October 1 or September 30 anl what we have found 
is the later 	we begin accumulation the higher the 
digestibility of the forage in the winter period. But 
we have noticed from September 1 to September 
30 there hits been a decrease in digestibility of the 
tall fescue forage. 

on a paper that has helped me understand better 
than ever whal. has happened when you managed 
pastures; of different composition in this area of the 
U.S. I think one of the overriding factors that was 
disguised by some of your data and is a very critical 

factor in the management of pasture in New Zealand 
is the mechanism that plants have for survival and 
our need to recognize these in our management 
systems. I'm referring particularly to the position 
of the growing point, especially in plants that have 
a lot of tillerT;, tlh:.it go up to reproductive growth. 
We graze our pastures tighter than you do yours 
and we can drastically affect persistency of desired 
species for, say, winter growth by the height to which 

we graze our pastures. You opted strongly for the 
seemsKentucky bluegriss-trifolium swards, and it 

to me that 	 in this area of the country these are the 

ones that i;an take most abuse because they're both 

stoloniferous. They can stand these mismanagement 
sstems that I think to occur in this region at times. 

a criticalIt's a comment I make because I think it is 

factor in the management of pastures like Kentucky 
red clover and orchardhluegrass-trefolitim versus 

grass. 
Blaser. Your observation is excellent. Stockpiling 
fescue hits 	a serious lethal effect on shoot popula
tions. 

685
 



118. 
Animal Production Systems from Hill Country in the 
United Kingdom 
J. Eadie 
Hill Farming Research Organization, Bush Estate, Penicuik, Midlothian, Scotland 

The term hill farming is comnonly used to define 
both hill sheep fairming and Uiluland farming in Great 
Britain. Upland farms, on the whole, have much 
more enclosed sown pasture, antd cattle are much 
more important contributors to farm income, whereas 
the land resources of hill sheep farming are mainIy 
rough grazings, i.e., uncultivated natural pasture, 
where sheep are more important than cattle. There 
is much variation in the lamd resources and produc-
tion systems employed within each of these two 
farming types and they present quite different prob-
lems. 

Tb is paper is conc(erned with hill sheep prodluctionl 
from self-replenishing stocks of sheep of the hill 
breeds maintained mainly on those areas of the 
country designated as rough grazings. In broad terms 
some '11 million acres of rough grazings in Great 
Britain are devoted to hill sheep production. This 
land carries some 5 million sheep on approximately 
5000 farms, most of which are in Scotland, northern 
England, and Wales. Statistical information specifi-
cally describing hill sheep farming is difficult to 
isolate from the body of official statistics. The diffi-
cultv is further compounded by important dif-
ferences in the categorization of the various farminp.. .. 

types as between England and Wales on the one 
hand, and Scotland on the other. For this reason 
most of the following data has been drawn from 
the Scottish statistics. It should ibe kept in mind 
that cattle tend to be more important on hill sheep 
farms in England and Wales than in Scotland, and 
farm size tends to he significantly smaller in Wales. 
and to a lesser extent in Ergland, than in Scotland. 

The average Scottish hill sheep farm carries a 
self-replenishing flock of some 900 ewes of one or 
other of the hill breeds on approximately 1 660 ha 
and also supports 25 beef cows. Around 97% of 
the land resources are rough grazings and a large 
part of the remainder is sown grassland (McEvan 
and Whitehouse, 1972). 

Within the country there are considerable varia-
lions in hill soils and climate which give rise to 
wide differences in vegetation cover. The lower 
rainfall and better soils of the south and east are 
associated with a more grassy hill vegetation in 
which Agrostis, Festuca, Nardus, and Molinia spe-
cies are important. The higher rainfall and poorer 
soil parent material in the west and north lead to 

peat formation and a vegetation cover in which 
Ca luna vulgaris, Eriophormn species, and Trico
phorunn predominate. 

These differences in vegetation are reflected in 
sheep carrying capacity. The better of the grassy 
hills have a vear-round stocking of one ewe to less 
than 0.75 ha; the predlominantly blanket peat graz
ings of the wetter west often carry less. sometimes 
mu:h less. than one sheep to 1.5 ha. Approximately 
one-third of the total hill sheep population of Scot
land is stocked at oiw owe to between 0.11-1.2 ha 
(Cunningham, Smith, aluid Doney, 1971). 

These large differences in stocking rate are reflect
ed much more in average jrea per farm than in 
average flock size. For example. the average farm 
is aroun C 830 ha in southern Scotland and farm 
size increases towards the north and west to reach 
5(000 ha in Sotherland (Scola, 1965). The variations 
in regional average flock are relatively small at 
around 850-1 t00 ewes, bilt great within-region 
differences occur in both farm and flock size. 

Output per farm is influenced by individual sheep 
performance as well as bY flock size and a major 
determinant (if sheep performance is lambing per
e.fage....,.r~l indication of ihe lambing per

formanct of the Scottish hill shci : flock can be 
obtained from the June anti December statistics of 
the Department of Agriculturre for Scotland. The 
crudelambing figures derived from the ratio of sheep 
under one year old in June to the nonber of breeding 
ewes present in the previous Decemnber gives a vilue 
over the years of around 80%. 

Quite large regional differences in lambing per
formance exist, ranging from 65-70'. to over 100%. 
The poorer land carries fewer ewes, and those ewes 
produce fewer and less hardy lambs. 

Year-to-year fluctuations in lambing performance 
within regions also are of importance. For example, 
the same group of 16 farms in southeast Scotland 
produced figures of 85,, 74%,, and 87% in 1968, 
1969, and 1970, respectively (Anon., 1972). 

Most of the lambs from hill sheep farms are sold 
as stores for fattening on farms at a lower elevation. 
In southeast Scotland approximately 80'% of lambs 
sold are sold as slares; the corresponding figure for 
the north of Scotland is upwards of 90'%. 

Within their size classes as determined by a labor 
input scale, hill sheep farms show levels of net 
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income (which includes return on tenant's capital) 
substantially lower than most of the other types of 
farming in Scotland. 

An examination of the various performance mea-
sures calculated and presented in successive vol-
umes of Scottish Agricultural Economics since 1967 
tends to support the view of Allan (1973) that the 
heart of the economic problem of hill and upland 
farming lies in the small size of the farm business, 
Gross output per M100 input is, on balance, slightly 
higher in hill sheep farming than in other types 
of farming. Net income per C100 gross output is 
comparable with that of other types. Gross output 
per £;100 labor is, however, significantly poorer than 
in most other types of farming. But machinery and 
power costs are of a much lower order in hill sheep 
farming, reflecting the difficulty of mechanizing the 
work, and gross output per £100 labor and machinery 
is very similar as between hill sheep farming and 
other types. The return on tenant's capital (calculated 
as management and investment income as a percent-
age of tenant's capital) at 10% is also very similar 
to the general rate of return in Scottish agriculture 
(M,.Ewan, 1971). 

Farm business size can be increased through the 
acquisition of more land or by intensification within 
existing units. t-larkins (1970) has discussed the 
question of the amalgarnation of holdings in hill 
sheep farming. In his view, where this can be done 
by renting additional land, especially where such 
land is contiguous with, or in the neighborhood 
of the original farm, amalgamation may be an attrac-
tive possibility, but where the extra land has to be 

acquired by purchase using borrowed money serious 
difficulties are likely to be encountered in servicing 
the investment, 

A more widely applicable way to increase the size 
of the hill farm business is through intensification, 
Intensification for present pl)urposes may be defined 
as increasing output in a way that is economically 
worthwhile to the farmer who undertakes it. In 
approaching the problem of intensification a first 
requirement is an adequate analysis of the problem 
in biological terms, 

ANALYSIS 

The output of sheep product per unit area varies 
greatly from one hill region to another, but, in 
general, it is low, averaging around 15 kg of weaned 
lamb live weight per ha. This is partly a function 
of the low stocking rates previously referred to, but 
it is also a consequence of poor levels of individual 
sheep output, averaging around 18 kg weaned lamb 
live weight/ewe/annum. 

l)espite the variations that occur in management 
practices from one hill farming region to another, 
hill sheep farming systems in Britain have several 

EADIE 

important features in common. The major one is
 
the fact that the sheep are (perhaps uniquely in
 
ruminant animal production systems in Europe)
 
set-stocked in a free range grazing system and
 
expected to obtain the large part, if not all, of their
 
nutrient intake from graze(] pasture the year round.
 

This kind of grazing system takes place against
 
a background of poor levels of pasture production,
 
perhaps averaging some 1800 kg DM/ha/annum.
 
Pasture production is highly seasonal and tle' ....
 

ing season is of less than six month's duration. 
Al examination of stocking rates in relation to
 

pasture pro(uction indicates that overall levels of
 
pasture utilization are poor: they seldom exceed 20%
 
and are usually much lower. In explanation, the 
argument can be offered that stocking rates are set
 
at levels which will provide enough diet selection
 
opportunity to afford the sheep a minimum tolerable
 
level of winter nutrition. But stocking rates so set
 
lead to a substantial underutilization of the summer
 
pasture growth. The surplus accumulates during the
 
summer, its quality deteriorates, and the material
 
from which the sheep has to select its winter diet
 
is already of poor quality at the beginning of winter.
 
This, in turn, determines the need for a high degree
 
of selection opportunity. Hence, the low stocking
 
rate, and the cycle continues.
 

Ingested pasture quality is at best moderate, partly
 
as a result of the intrinsic nature of many hill plant
 
species and partly as a consequence of the fact that
 
even those pasture types which are of relatively high
 
nutritive value have a high proportion of unutilized
 
poor quality material.
 

An examination of the poor levels of individual 
sheep performance demonstrates that at each and 

every stage in the annual production cycle nutrition 
.- is-- limiting factor of performance to some aspect 

or other. The poor cyclical patterns of nutrition 
characteristic of traditional hill sheep farming give 
rise to a cycle of sheep body weight and condition 
that is substantially poorer than that consistent with 
good individual sheep performance. 

Fertility in hill sheep isvariable but, in relation 
to the genetic capacity of the breeds of interest, it 
is generally low. Ovulation rate in these breeds is 

a function of body condition at mating which in 
turn is a consequence of the general level of summer 
nutrition (Gunn and Doney, 1970). 

The end of pregnancy coincides with the end of 
winter and lamb deaths, often in the region of 
15-25%, are high. In many circumstances this is 
contributed to by the poor climatic conditions at 
lambing, but a major caus- is the combination of 
poor ewe body condition and under-nourishment 
towards the end of pregnancy (Russel, 1967). 

Lamb growth rates are moderate at around 0.2 
kg/hd/day, and this is attributable to inadequate 
nutrition of the ewe in lactation and to the moderate 
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quality of the pasture feed ingested by the lamb 
(Peart, 1970). 

BIOLOGICAL POSSIBILITIES 

Itreases in animal output per unit area require 
improvements in individual sheep performance 
and/or increases in stocking rate. Individual animal 
performance improvement r(equires improvement in 
• he.. ~ld. s, components of performance. At least 
some of the breeds of interest, for example the 
Scottish Bl3ackface, are calable of levels of fert.lity 
in the region of 170". Fertility is very responsive 
to better hody condition at mating and this requires 
nutritional improvemient for at least some part of 
the recovery period )etween early lacition and 
mating (Guni anul Doney, 1970). 

Laml) survivability atairouind hirth can be increased 
and lamb death rate redu(ced, often to below 10%, 
by better ewe nutrition in late pregniancy (Russel 
et id., 1974). Lambs of the hill breeds can achieve 
growth rates at lealst twice those l)btaiied on the 
hills and lamb growth rates on the hills can te 
improved by better ewe nutrition in lactation and( 
better quality feed for the lamb (Peart, 1970). 

Stocking rate in:reases require higher levels of 
pasture production lnd/or improvement in the effi-
cienc, w(i which the existing indigenous pasture 
is utilized. Paiture produc:tion lanie increased by 
improving soil nutrient status (mainly calcium arnid 
phosphorus) and by the replacement of indigentous 
species by sown grasses and (lovers. Yield increases 
of two to threefold and often more can be achieved 
by means of a range of hill land improvement 
techniques appicable to a wide range of hill soils 
and vegetation types (NewboulI(, 1976). Iinprove-
ments in pasture quiality will almost invariably 
follow the replacement of indigenous pasture by 
sown grasses and clovers. 

'Fhe extent to which improvements in utilization 
and pasture quality (:anl be obtained on indigenous 
hill pastures varies considerably from type to type. 
On Agrostis-Festica pastures, for example, high 
levels of pasture utilization have been shown to be 
possible and to result in regrowths of quite high 
quality pasture (Eadie and Black, 1968). On the other 
hand, better utilization of Nardus and Molinia doni-
nant grass heath gives rise to a considerable short-
term nutritional penalty to the stoc;k ani to a less 
productive and nutritionally poorer pasture than that 
ohtainable with Agrostis-f-estuca (Floateet al., 1972). 
The more valuable species of the vegetation of 
blanket peat are likely to be grazed out at quite 
low lehvels of pasture utilization, although much 
higher levels than those currently attained are possi-
ble. Little nutritional improvement is to be expected, 
however, on blanket peat. 

In general terms there are opportunities for im-
proving the utilization of a wide range of indigenous 
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pasture types by several fold and some limited scope 
for improvements in pasture quality. 

SYNTHESIS 

The synthesis of improved systems has to take 
account not only of the biological possibilities for 
increasing output but also, if it is to be of practical 
value, of a variety of important constraints of a 
non-biological kind. 

For example, hill land improvement requires 
access and a terrain on which tractors and fertilizer 
spreailers, and sometimes cult ivi~lion eq aipmen t, c;an 
safely be used. These factors inhibhit reseeding of 
large parts of many hill farms. Labor costs are high 
as proportion of total costs in hill sheep farming 
and skilled labor is a scarce commodity. Inproved 
systems must seek to provide a framework within 
which labor (:ai be more efficiently used. 

Economic constraints of a variety of !,,inds have 
a major effect on the extent to which some of the 
biological possibilities :an he emp)loyed. It is, for 
example, technically possible to improve nutrition 
at any time of the year by means of concentrate 
supplements, but relationships between concentrate 
costs and prodtuct prices serve to limit concentrate 
use very severely. Off-wintering offers a very effec
tive rneans of increasing output from the hills but 
the large increases in winter feed costs incurred 
render it uneconomic. 

Even if physical factors lo not limit the amount 
of land on a hill unit which can he improved, 
economic factors usually (10. Land improvement is 
expensive ai )orrowel capital is expensive; bor
rowings have to be servi:ed, Studis of cash flows 
of the development of improved syste is of produc
tion demonstrate quite clearly that beyond a certain 
point investments in land improvement can lead 
to cash flow problems which may bankrupt Ihe 
enterprise (Maxwell et al., 1974). 

The synthesis is therefore an attempt to take its 
much advantage as p(ssible of Ihe biological possi
bilities within the framework set by physical, eco
nomic, and operational constraints. 

Increases in output of sheep product (an come 
from improvements in individual sheep performance 
and increases in stlcking rale. Sheep performance 
improvement requires improvements in feed quality 
in summer, particularly (luring lactation and in the 
pre-mating period. Late pregnancy nutrition can only 
be improved by means of concenlrate supplenmenIs, 
but hill pasture improvement will contribute to 
improved summer nutrition. Pasture quality can be 
improved on some indigenous hill pasture types, 
notably Agrostis-Festuca, by nianagement means. 

Increases in stocking rate can come from increases 
in pasture production or from more efficient use 
of existing indigenous pastures. 

The first major point which emerges from these 
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various considerations is the :,eed for land improve- been advanced. In some circumstances, however, 

ment. It is equally clear this can only be carried the use of some part of the improved pasture compo

out, initially at least, on a part of a hill grazing nent for lambs in the post-weaning period, which 
unit. The basic concept is, therefore, of a system would involve some sacrifice in the amount of 

comprising two components-an area of improved improved pasture available to the ewes in the pre

pastur and a remaining unimproved indigenous hill mating period, requires examination. 
pasture. The synthesis offered here was developed to deal 

The second major point is the need for a manage- with the problnems of extensive hill grazing units 

ment strategy on which to base the integration of and management systems largely based on iidige

these two pasture components in a whole and con- nous pasture where the improved pasture compo

tinuing grazing system. nent, initially, is likely to be limited in relation to 

The improved pasture component will invariably ewe numbers. Hut it should not be assumed that 

provide feed of high quality. It is logical to attempt further increments of improved pasture will neces

to use this better quality feed so as to maximize sarily always be best integrated with the unimproved 

its impact on individual sheep performance. This hill within the above described strategy. From the 
moresuggests that it should be used to contribute as much point at which the improved arel becomes 

as possible to the improved nutrition during lactation than sufficient to provide all ewes (and lambs) with 

and lamb growth, that is, from May to early August, improved pasture from parturition to weaning an 

then after a rest period during which the mid-to-late important choice has to be made. The choice is 

season growth is accumulated in situ. the regrowth between maintaining the management strategy (in 

will be utilized in the several weeks before and which case stocking rate has to be increased to fulfill 

during mating which takes place in late November. the objective of full utilization of the improved 
dictatedlDuring the mid-summer period, after the lambs are pasture component within the periods of use 

wea ned, all ewes are returned to the unimproved by the strategy) or maintaining stock numbers at 

hill which is also utilized after mating for the winter their current level and extending the period of 

period until lambing. improved pasture utilization beyond weaning 

Within this overall strategy other objectives are (which implies a significant departure from the 

important. These include the achievement of a high proposed management strategy). 
On many hill farms, bec~iuse the area of improvablelevel of utilization of the improved pasture compo-

nent, and increased utilization of the primary pro- land is severely limited by reason of topography 
the issue will not arise. On othersdu(:tion of the indigenous pasture area, short of and/or access, 

at which furtherendangering its long-term ecological stahility and a point may be rapidly reached 

short of induc(ing a counter-productive and damag- increases in output may place demands on labor 

in nutritional penalty to the grazing stock. or some other component of the fixed cost structure 

This synthesis is currently being tested in large- which will render a further phase of improvement 

scale stu(lies in the Ifill Farming Research Organ iza- so expensive as to be not worth considering. 

lion and sone of this work is described an(l some The nature of the biological relationships between 

results a re discussed elsewhere at this Symposium. successive increments of input and the consequent 
increments of output may, whatever the management 

THE MANAGEMENT STRATEGY, strategy, give rise to a steadily diminishing economic 

STOCKING RATE AND SHEEP PERFORMANCE response. Current studies have not yet gone far 

enough to be helpful in supporting or rejecting thisIn the (levelopment of improved systems of hill 
sheep production there is no alternative to a two- hypothesis, but it is not unlikely that the first input 

of improved pasture will give rise to a responsepasturesystem. Itfollowsthatii management strategy 
on which to base the integration of the two compo- in animal output which includes, particularly with 

nents is necessary. The management strategy te- some indigenous pasture types, a significant con

scribed here is almost certainly not the only one tribution from improved utilization of the indigenous 
inputs of imwhich could tie advanced but it does have the merit pasture component. But successive 

of being based un, and supported by, a good deal proved pasture may contain less anti less of a 

of firm experimental evidence. contribution from this source. 

It is not suggesti;d that alternative strategies will Assuming that no prior physical or economic 

not give rise to increases in outpult nor is it suggested barrier to further land improvement is encountered 

hat these increases will not be profitable. Implicit it can be postulated that, in the context of the 

in the argument, however, is the assumption that proposed management strategy in all environments 

on current knowledge this is the strategy which will at some point, the next increment of improved 

maximize the response to a given input of improved pasture will give rise to a more or less sharp fall 
remains untested largely in animal output response. Further increments ofpasture. This assumption 

because no coherent alternative strategy has, as yet, improved pasture will usually lead to a need to 
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increase stocking rate which will in turn create an sion of the change in management strategy is an 
increase in grazing pressure on the indigenous pas- upland sheep production system. 
ture component. There must necessarily be a limit While a change in the management strategy must 
to the grazing pressure any indigenous pasture type be made in response to the above described events, 
will tolerate and this limit will become apparent as suggested earlier it is possible and it may be 
in one of two ways. better to make it earlier. In the last analysis the 

The first is ecological where grazing pressure decision is an economic one which turns to an 
reaches a level at which the indigenous vegetation important extent on the relative responses in terms 
can no longer be sustained. Llndesirable vegetational ...of both output and costs to unit increase in the 
change resulting from increased grazing pressure amount of improved pasture in any given situation. 
on the vegetation of blanket peat has been described The impact of unit amount of improved pasture 
by Grant (1976). Kn'wledge gained from descriptive on performance tends to be greater at lower levels 
studies of the dynamic ecology of hill pasture types of performance. It is easier to increase weaning 
(King, 1965) and from experimental studies (Eadie, percentage from 65 to 95 than it is to increase it 
unpublished) indicates that some types of vegetation, from 95 to 125. One reason for this is that beyond 
for example Agrostis-Festuca, are extremely stable 90% further increases in individual animal output 
in floristic terms in the face of high levels of pasture inevitably mean more twin-bearing ewes. The twin
utilization and that others, for example some Molinia bearing and rearing ewe is a much more demanding 
dominant pastureR, may even respond in terms of animal nutritionally, and twins tend to be less well 
desirable vegetational change. grown at weaning than single lambs in the same 

The second major reason which can set limits to environment. 
grazing pressure on the indigenous pasture compo- At lower levels of performance the contribution 
nent is nutritional. One way in which this can occur to output of a given increase in stocking rate is 
is where increases in grazing pressure lead to the much smaller than at higher levels of performance 
ingestion of very poorquality feed. It has been shown, so that in output terms the balance of advantage 
for example, that increased utilization of Nardus viii tend to favor increases in stocking rate as 
dominant hill pastures is accompanied by a severe performance improves. But cost increases also must 
nutritional penalty (Floate, Eadie, Black, and Ni- be taken account of and both improved performance 
cholson. 1973). And in the absence of such a penalty and stocking rate increases tend to bring in their 
grazing pressure can be taken to the point at which train increased winter feed inputs. 
the amount of available feed becomes insufficient On present knowledge it is not possible to give 
to s'ipport acceptable levels of nutrition, the necessary quantitative expression to these 

The fact that further development within the various key relationships. But current work on hill 
current management strategy is inhibited at some pasture evaluation, diet s-ipplenentation, the per
stage does not mean that further land improvement formance of hill sheep and theircrossbred derivatives 
cannot be expected to promote profitable response. together with the continuing program of hill and 
But the management strategy from that point on upland s, stems "tmli., ri-oth a practical and 
must take account of the new situation and further theoretical kind will, it is hoped, contribute to our 
increments of improved pasture will have to be used, ability to quantify at least some of these issues in 
in part at least, to reduce grazing pressure on the the future. 
indigenous pasture component to a level which is 
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DISCUSSION 

K. O'Connor (New Zealand). Gaul does have three 
parts and I want to ask you please to help us for 
the next century in New Zealand, and I think for 
the next milleniunm in the rest of the world, about 
the inc:orporation of the third part which was your 
winter supplementary feeding. Briefly, we are at the 
present time contemplating the introduction of 
higher Ilambing percentage Merino sheep into our 
high country. We know that we can supply the 
nutritional needs dluring spring of the higher lamb 
crops: we know that we cat soupply the nutritiorl 
needs for maternal tissues in the pre-nilatilng period 
because that's what our curve demonstrates. Now, 
from your understanding (f the biology of the thing, 
what's the sensitivity of the systeim? How much do 
you profitably expose yourself to a greater winter 
feed need by way of the third part of Gaul, the 
supplementary feeding, the high fossil fuel energy 
input involved in the thing and still exploit that 
extra thing? 
Eadie. It's a very bold man who says anything very 
specific about another man's environment. I think 
in your case Gaul is indeed divide(l into three parts. 
I suggest we do this sort of thing because we are 
dealing with sheep which are pretty resilient to the 
winter feeding situation; if we can pack on enough 
body condition, we can get through the winter--so 
far'-with grain-based supplements in limited quan-
tity. But you have the great advantage that we don't 
have in many situations in that you have some flat 
land, and this can be used to provide winter feed-
either grass which is cut and stored in some fashion 
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or, alternatively, conserved in situ. In our more 
fragile environments we might consider limiting the 
grazing pressure on some of our sensitive areas to 
achieve the same end. But I wouldn't know what 
crops you might want to us, here, or how much 
you might need. 

O'Connor. But it's the animal biology sensitivity that 
I'm concerned about. 

tEadie. Unless I know more precisely what sor of 
nutritional level we are encountering I'd be unable 
to offer a view on the magnitude of supplement 

that is necessary, but if you're at a poor nutritional 
level, then the system is very sensitive indeed to 
the need for an improvement at this particular time. 
O'Connor. Can I put the question more simply? In 
your context, how much extra are you needing 
component three-your concentrate feeding-be-
Cause you've moVed into a higher fecundity range
by your spring, summer, and autumn nutrition? 

Eadie. Quite an extent. in broad terms, moving 
fertility up from something like 60% to 90% leads 
to a requiremeti of approximately 30 11) concentrate 
extra. If we were in turn moving that up to a higher 
proportion of twins, to a potential lambing percent
age of 120%, 1would think that we would get close 
to doubling that quantity. But I don't have the basic 
information that would enable me to do this sort 
of calculation for your situation. 

R. Brougham (New Zealand). I would like to ask 
a similar question differently. I think that what's 
critical in your conc:ept is the proportion of 2:1, 
and I would like to know whether you have looked 
at this proportion, because obviously this is going 
to affect the amount of feed produced for the flock 
through the year and you can r eate the proportion 
ef on(e to the other in terms of when, for example, 
you don't need too much feed per animal, or when 
you do need more feed per animal. So have you 
looked at the proportion of 2:1, and how significant 
is this'? 
Eadie. I think that we would rather look at it, not 
in terms of the proportion of 2:1, but as the amount 
of 2 that you have per unit of livestock. The propor
tions don't really signify very much in this enor

mously variable situation. But starting off and taking 
all of these c:onsiderations together-the need to 
make a fairly substantial nutritional impact, the need 
to improve stocking rates-we would need to put 
something like an acre per 6 or 7 ewes as an initial 
investment into the system. That's the sort of figure 
we have in mind for a starting point and that's the 
sort of thing that will improve performance very 
significantly. It gets considerably more complex 
when you decide to extend the area beyond that: 
the biological consequences will be very different 
in different circumstances. 
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119. 
Technically Feasible, Economically Marginal and a Social 
Exercise: Beef Production from Hill Land in Fiji 
I. J. Partridge 
Research Division, Department of Agriculture, Fiji 

The title of this paper was the comment of a 
member of a feasibility team summing tip it hill 
development project in Fiji; it was chosen here as 
it succinctly illustrates the problems to be encoun-
tered in hill land development b)oth in Fiji andl many 
other countries, 

PAST HILL LAND USE 
The history of animal production in Fiji is corn-

paratively recent, as there were no rurminants on 
the islands until the last century when they were 
introduced by Europeans. Hill land was not exten-
sively used for cattle raising until the 1920's when 
several European settlers obtained grazing leases for 
many thousands of acres of the better-class rolling 
country in the coastal hinterland around the main 

island of Viti Levu. 
Large areas were planted in the :'mi-improved 

creeping grass, Dichanthium caricosum, for grazing 
with European breeds of cattle. On the north coast, 
at Yaqara, the Colonial Sugar Refinery Company 
(C.S.R.), which operated all the sugar mills by this 
time, established a ranch of some 6 500 ha, of which 
1 000 ha were alluvial flats and the remainder mainly 
rolling slopes, to supply meat to their employees. 
During the Depression of the 1930's beef prices 
dropped so low that nearly all the ranches failed(, 
leaving only the C.S.R. ranch in the post-war period, 

The other sources of beef in Fiji have been surplus 
draft animals from Indian sugar cane farms, for which 
Zebu cattle were imported in the 1930's, from copra 
estates where cattle were used as grass cutters to 
facilitate nut collection from the ground, and from 
unmanaged communally owned Fijian cattle in hill 
country around the villages. 

This situation remained static until two hill land 
schemes were started in the 1960's. One project, 
at Verata on the wetter (3000 mm) eastern side of 
Viti Levu, organized the Fijian landowners to lease 
blocks of approximately 70 ha each from their corn-
munal land to be developed as fattening areas for 
steers purchased from the drier west. The existing 
vegetation of reeds (Miscanthos japonicus) was 
cleared by cutting and grazing before planting Is-
chaemum indicum and Brachiariahumidicola. This 
attempt at vertical integration of beef industry was 
supported by the subdivision of some 4000 ha of 

steeper communal land, at Tilivalevu in the drier 
(1800 mm) zone in the southwesl, into beef breeding 
farms of 250 ha each to produce store steers. 

Although 1oth these schemes are still in operat ion, 
they cannot he regarded as highly successful for 
a number of reasons, including the small size of 
the original loan which allowed only a very small 
initial herd, and inadequate training and supervision 
of the new farmers by the Department of Agriculture. 

Beef demand in Fiji is steadily increasing while 
production has been stable or even declining; the 
present ),.ilicy of the government is to increase 
prouuciion, to utilize idle land and generally to assist 
the rural sector of the community. 

THE RESOURCES 

Unlike some other countries, Fiji has good agricul
tural zoning in its diier areas; most alluvial or rolling 
land of reasonable fertility is arable, mainly under 
sugar cane, leaving only the steeper slopes unsuited 
for cropping for animal production with ruminants. 
While much of this land has no other use, except 
for forestry on some soils, the rugged terrain mark
edly increases the problems of development. 
However, the low altitudes (250-500 m) and low 
latitude (180 S) in Fiji cause no constraints through 
seasonally low temperatures. Mdfr(,li-Vrr,'tii annual 
rainfall is 1800-3 000 mam, an(d there is no severe 
drought period (luring the dry season. Any heavier 
rainfall, as on the southeast of the island, would 
result in a cover of rainforest andi more heavily 
leached soils. 

The existing vegetation on the hills is reeds in 
the wetter soils and a fire-climax of mission grass 
(Penniseturn polystahyon)on the upper slopes, with 
forest along the numerous creeks. A program of 
developmental research has been carried out for 
about six years on the predominant soil type, locally 
called a nigrescent hill clay, or tropical rendzina. 
This typically shows about 25 cm of dark brown 
clay overlying a C horizon of basic tuff or marl. 
The thin layer of clay exhibits cracking during the 
dryseason but swellswhen wet causing poor intrnal 
(lrainage in spite of slopes of up to 30' . The rescarch 
program has been aimed at solving the nutritional 
deficiencies for legume growth, selecting suitable 
legumes and grasses and then evaluating the animal 
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production of the proposed swards in large-scale 
grazing trial,. The trials have shown that only 
phosphorus vnd sulphur, as supplied in single 
superphosphate, are required on the nigrescent soils 
to produce excellent growth of the selected legumes, 
siratro (Macroptilium atropu'pureum) and stylo 
(Stylosanthes goyariensis), while encouraging the 
naturalized Desmodium hetoophvilmn. The exist-
ing naturalized mission grass has been shown to 
combine well with these lcguimes, to he palatable 
when green and to produce up to 18 MT of grass 
and legume dry matter/ha/yr in cutting trials. In 
view of the presence of mission grass and the 
inability to cultivate the steep slopes to establish 
alternative grass species, the initial phase of devel-
opment has been lo hurn the grass cover at the end 
of the (Iry season (October to December) and oversow 
seed of sirato and stylo with 450 kg/ha of super-
phosphate. Grazing trials are showing that this re-
stilts in a sward capa ble of producing up to 500 
kg of live weight gain/ ha/yr at stocking rates of 
up to three steers/lha against 150 kg/ha from unim-
provedl pasture. The local leguminous browse plant, 
Leumuena lucocephala, has also been shown to 
increase animal production thre'.-fold, but it presents 
management problems with large-scale browsing. In 
the northeast, the nigrescent soils are frequently 
intimately mixed with areas of humic latosols, the 
very low p1-1 of which causes high phosphate fixation 
requiring a different type of improvement. 

Thus Ihe hilly or motntainous interior of the main 
island is a region of high but unexploited potential. 

THE ALTERNATIVE USE FOR FORESTRY 

Forestry could be described as the optimal land 
use in view of the natural climax of light forest 
in this zone before fire. In the west of Viti Levu 
the choice of enterprise-forestry or grazing-re-
solved itself when the growth rates of trees were 
measured in plots throughout the country. Pinus 
carihhea, the best species in the dry zone for milling 
or pull), grows very well on the red or ferruginous 
latosols but very poorly on the nigrescents. It is 
now felt that muchof this effect isdue to the physical 
properties of the different soils, the latosols being 
deep and free-draining, while the nigrescents are 
shallow heavy clays, the cracking of which in the 
(fry weather disturbs the root development of the 
trees. In many ways this is fortunate as these nigres-
cents are, as described, of moderate fertility for a 
legume-based pasture while the latosols are ex-
tremely infertile (having a strong phosphate-fixing 
potential) and naturally support only a vegetation 
of bracken-fern and floor grass while being very 
vrodable. 

The areas of ferruginous latosol and the red-yellow 
podzolics, frequently of more gentle slope than the 

nigrescent, are now being planted to Caribbean pine 
for pulp on a 12- to 15-year rotation. 

Dual land use has been shown feasible and will 
le carried out although it is restricted more by 
economical than silvicultural or agricultural consid
erations. 

The Forestry Department proposes to graze the 
natural vegetation tinder the pines on the latosols 
to reduce the considerable fire hazards. Only a cattle 
breeding enterprise could be run due to the poor 
quality of the feed, while the effect of shade on 
pasture growth is exaggerated under plantings for 
pulp due to the high tree density until felling. Within 
the nigrescent soil regions are areas that should be 
planted to forest for watershed protection on slopes 
over 30'. Up to this limit, the hills can be grazed 
tinder a sward of the creeping Dichanthium as long 
as the cattle are managed. The problems of afforesta
tion on the tipper slopes are exaggerated by the lack 
of access roads to the small discrete areas, the 
steepness itself, and the lack or cost of additional 
fencing to prevent grazing of the young trees. In 
this type of country, fencing follows the ridges to 
the hill tops and rarely cuts across a slope to exclude 
the steepest part. Grazing trials are showing good 
growth of steers in the improved m;z:roclimate under 
pines on the nigrescent soils, but the economics 
of planting and later extracting small farm woodlots 
in this hill country are unfortunately poor. 

THE CONSTRAINTS ON DEVELOPMEN'T 

With past experience of ranching and current 

research indicating the animal production potential, 
it is now felt that there are few technical problems 
in converting areas of this land to productive pasture, 
but th :e are many problems of an economic and 
social nature. 

The land is communally owned and inalienable, 
being held in trust for the native Fijian people and 
administered by a Native Land Trust Board. The 
most common basic land-owning unit is the ma
taqali, which is usually centered on a village: each 
mataqali may own hundreds or thousands of ha of 
surrounding land, the best class of which often is 
in "native resrve," i.e., reserved for subsistence 
farming for the village and not leasable to outsiders. 
Due to the cng lease periods required for agriculture 
and with ar, eye on the future, the landowners are 
generally uwilling to lease any hill land to outsiders 
even on a profit-sharing basis, preferring to leave 
the land idle, possibly for decades, until they are 
prepared to use it. Thus, any development must be 
by th& F'ijians for the Fijians. 

Being inalienable, the land cannot be used as 
security to obtain a loan, so even with the greatest 
enthusiasm, the landowners would be unable to raise 
sufficient finance to develop their land-the 
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amounts required only being available to very large 
organizations or to governments, 

Physical communications are a prerequisite to the 
development of any new area. While roads may be 
regarded as a national asset distinct from the agricul-
tural development, the benefit-cost ratio of the hill 
land utilization has to be calculated in deciding 
national road building priorities. It is essential that 
the production potential of the area is realized 
through the application of sound agricultural man-
agement and the continued willing participation of 
the landowners. Road building is the most expensive 
capital item in development, the cost being increased 
by the difficult topography and high rainfall intensi-
ties. Roads through hill country generally follow 
the ridge tops and are reasonably stable, but any 
feeder roads off the ridges can be very expensive. 
Rough tracks could be made. but it is accepted that 

to a certainall-weather roads and river crossings 
minimal standard are cheaper in the long run due 
to convenience and redu(ced maintenance, 

The native Fijian people living in the rural areas 
are healthy and robust by the standards of any 
country: adult literacy ishigh,with ia well-organized 
social structure based on a chiefly system. There 
is a developer's problem to persuade enough well-
fed, healthy and happy communal people with few 
material desires and a fairly benevolent welfare state 
to leave village life and enter commercial farming 
of an extensive and isolated nature. While short-term 
enthusiasm can be easily cultivated, the long-term 
willingness of the Fijian to participate in such 
projects is unknown but probably his to he constantly 
encouraged. This has to be taken into account in 
devising the program of development. 

For successful implementation, the agricultural 
aspects cannot be dealt with in isolation, and the 
development form changes from a beef cattle project 
to an integrated rural development project involviig 

land and watershed devclonpmeint, with communi-
cations, social structure changes, and technical and 
managerial training of th,: prospective farmers. 

SYSTEMS OF DEVELOPMENT 
Different systems of development of Fh;jian hill 

land are illustrated in separate projects in two areas 
of Viti Levu. In the northeast, the Uluisaivou project, 
backed with aid fror i the New Zealand government, 
started in late 1975. The Yalavou project in the 
southwest, backed with aid from the Australian 
government, now is in a pre-implementation phase. 

Large-Scale Ranching 
The Uluisaivou project will be an integrated de-

velopment scheme for a total of some 50000 ha, 
involving large-scale ranching, subsistence and cash 
cropping and eventually large-scale forestry, with 
beef cattle as the major enterprise and covering 

14000 ha. Within this total area are some 117 
different mataqaliof various sizes which, it is hoped, 
will eventually form an incorporation of landowners 

and be able to employ professional, technical and 
financial management for development. 

The landowners' shareholdings in the corporation 
are issued on the basis of the area consented, and 
will entitle them to dividends from eventual profits. 
As a legal body, the corporation is able to raise 
loans through the Fiji Developnnt Bank and ihe 

government of New Zealand, with the Fiji govern
ment acting as guarantor. The aid program is now 
providing expatriate general and ranch managers, 
which permits at fast rate of development with 
machinery, labor, and large herds of cattle being 

used to best effect. So far only a few non-adjacent 
inataqalihave consented their lan d: the remainder 
probably are waiting to see more progress on the 
land before following suit. In the long term, it is 
possible that a mataqali may, for some reason, wish 
to opt out of the scheme and sabotage the project 
to acheive new aims. The establishment of a regular 
labor force may also cause ,lenands for industriAd 
or government 'age rates, redticing management
employee reilations within the corl)oration to the 
detriment of profits. causing an income iibalance 
within a village, and creating a laboring class with 
no chance of private beef enterprise. To redu,: Ithe se 
risks, croppirg lind has been excluded from the 
project area, allowing cropping to he the main 
a(livity for the people. 

The large-scale atpproach may seeni best to those 
attuned to developed agric mIture, but sociologists 
have recommended that the objective of the rural 
areas in Fiji should be a community of individual 
farmers living on or working on holdings but retain
ing the village communal buildings and services. 
Individual Farms 

The same approach is being followed in the Yala
vou scheme which covers some 9i000 ha in total, 
of which about half has suitable land classification 

for grazing. It is similar in the final concept to the 
previously mentione(l Tilivalevu scheme. 

Individual Fijians will take leases, through the 
Native Land Trust Board, on parcels of about 250 
na of their own nataqali land. Each will develop 
his farm on which the profits, after loan repayment 
anti tax, will be his own. While this may also be 
accepted as a system in some Western countries, 
there is low selection pressure for potential farmers 

niataqalirather than the high competitionwithin the 
by enthusiastic and experienced young men as on 
settlement schemes in New Zealand. In the Tilivale
vti scheme, new farmers were of unknown agricul
tural aptitude and as the native land offers no 
security, the development bank was unwilling to 
loan them sufficient money. This restricted the rate 
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of development which was aggravated by the slow 
initial return from a beef breeding enterprise, so 
that the farmers have been unable to make a decent 
living. In the new project these risks will be mini-
mized, as during the first five years of a farm's 
development the prospective farmer will be trained 
and paid a trining grant while working on the land. 
At the end of this period, tile individual's suitability 
will be assessed and, if satisfactory, he will be given 
the lease of a farm sufficiently developed for an 
immediate income. On a project scale, this prejudices 
economic viability because the rate of build-up of 
cash flow is retarded by the time needed for the 
acceptance of new ideas by the farmer. On the farm, 
the level of technical efficiency is likely to be 
considerably lower than on the professionally man-
aged ranch, especially in the initiail years, while 
there is a labor restraint in using family labor to 
avoid excessive costs, 

There is a significant direct cost of training and 
social development dlue to the higher requirement 
for supervisory and training staff to deal with 60 
individual farmers in an area equivalent to that 
managed by one ranch manager. tl( erection of 
housing for these staff and ithe construction of a 
rural community center at the training farm is costly; 
the salaries of local and expatriate staff over the 
ten-year development period amount toi neariy 20% 
of the total project costs and exceed the total farm 
development costs over the sime period. In the 
longer term this form of development may be more 
stalde as the farmer has a personal interest in the 
land, although the farm size suitable for rapid devel-
opment is smaller than that needed for sufficient 
incone in the future. It is also important that the 
farn lease remains intact on the farmer's death, to 
avoid fragnentation. 

The Uhiisaivou large-scale scheme should show 
a cash surplus by year seven, with an internal rate 
of return taken in perpetuity at 12%, if road building 
is charged to the nation, 

In the Yalavou individual farm scheme there is 
an on-farm financial rate (if return, with present 
subisid ies, of about 20%, this high figure being partly 
due to the negligible cost of land. However, the 
whole project economic rate of return drops to about 
4.5,%with the costs of infrastructure and training 
included. 

These rates of return are considered marginal by 
international development agencies. 

BEEF PRODUCTION AND PASTURE 
IMPROVEMENT 

Although Fiji has several breeds of cattle (Brah-
man, Santa Gertrudis, and local crosshreds) suited 
to1the local conditions, these are not noted for their 

reproductive capacity and the national herd of Fiji 
has not been incrcasing fast enough to provide the 
large numbers of stock needed for these large beef 
schemes. It will be necessary to import suitable 
animals from Australia, the extra cost of which will 
be borne by the aid donors but which still has to 
be charged at national prices. In both schemes, the 
principal aim is the production of beef in a normal 
ranching manner although with different herd sizes. 

Breeders will be mated seasonally to calve at the 
beginning of the wet season and ihe calves will 
be weaned at the start of the dry. Thereafter a 
post-weaning growth check is common on natural 
pasture but it can be prevented with the use of 
Leucaena browse legume in weaning paddocks. 
Unimproved pasture is only suited to store steer 
prod,,:t ion, but, with improvement it enables steers 
to be fattened andi to reach slaughter weight at 2 1/2 

years of age. Fattening all the steers in other wet
ter zones will not be possible with the large num
hers that should be available from both schemes 
and the forest grazings. This form of integration 
markedly reduces the profits to farmers because of 
double transport charges that can exceed 10% of 
the final price. No feed-lot finishing is envisaged 
at present because of the high cost of grain and 
concentrates and the lack of suitable arable land 
on which to grow them. It is possible that sugar 
cane, fed as decorticated "Comfith," could be used 
if the export price for sugar fell sufficiently low 
for this to be economical. 

The comparatively large areas of improved pasture 
needed for the breeders and fattening steers pose 
two immediate problems, namely the price of super
phosphate and the means of its application to steep 
hill land. At present, single superphosphate is 
imported into Fiji in bags, resulting in a national 
price of F $140 per toi, of which 60% is for ship
ping. The economics of pasture improvement for 
fattening steers still appear viable due to a govern
ment subsidy on fertilizer and the low maintenance 
dressing required, but large savings could be made 
by bulk shipping. The recent development of "Bio.. 
super" appears to offer even greater savings as the 
bulk raw materials for superphosphate are presently 
shipped past Fiji enroute to Australia or New Zealand 
and could be offloaded. Biosuper simplifies the 
manufacture of superphosphate in which rock phos
phate is treated with sulphuric acid. 

With Biosuper, rock phosphate (apatite) and rock 
sulphur are ground and mixed in the ratio 5:1 before 
pelleting and inoculation with the sulphur-oxidiz

ing bacteria, Thiohacillus thiooxidans.This requires 
only simple grinding and pelleting machinery and 
can thus be economic on a small scale. Under 
conditions of sufficient temperature and soil mois
ture, the sulphur is oxidized to sulphuric acid which 
reacts with the apatite in situ. Field trials in Fiji's 
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tropical marine climate are showing, Biosuper to be 
initially slower but then more effective than super-
phosphate for legumes. The possibility of local 
manufacture of Biosuper is of great interest in the 
economic viability of the beef schemes. 

If Biosuper is attractively priced and large areas 
are to be improved with its application, it will be 
possible to justify an aerial topdressing service which 
should be the cheapest ind most convenient method 
of spreading, especially when compared to the pres-
ent systein of carrying bags of fertilizer by horseback 
and bullock sledge through the hills to the paddocks 
for hand-spreading. 

Our beef schemes have now expanded to rural 
development schemes that are also going to require 
the establishment of additional service industries 
for satisfactory performance. 

In spite of the many problems besetting both hill 
land development schemes in Fiji, they stand a good 
chance of success, with the continued interest of 
the Fijian landowners, in part due to the sensible 
attitudes and targets chosen in the assessment of 
their feasibility. The social problems and land own
ership have been recognized and allowed for in the 
rate of development while the limitations of past 
projects have been studied. Research into agric:ul-
tural and technical problems started several years 
before project implementation and not, as so often 
happens, after it in a time-pressed salvage operation. 
This allows more accurate parameters of prodoction 
to be used in assessment. 

In summary, the utilization of hill land in devel-
oping countries can rarely t)e gauged in agricultural 

terms in isolation from the social aspects and can 
be economically marginal in terms of total land 
development. 
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DISCUSSION 
J. Eadie (Scotland). Which do you think is the more 
socially desirable of these two activities? With re-
spect to the second, it seems to me one of the 
consequences would bc broken up village structure, 
or am I assuming too much? 

Partridge. Yes, the village structure will be broken 
up during the week. The people will have to be 
living on isolated farms which some of them do 
enjoy, but what we'll do at the local farm and with 

the villages is to make sure that they can return 
and keep their church and social activities going. 
This is a prohem, but it has been suggested hy 
a sociologist that this is the way it should go. 
D. Plucknett (Hawaii, USA). I was interested in your 
work with the cattle under the pine trees. I think 
that some of the other work with cattle under 
coconuts an(d some of these kinds of tree crop grazing 
systems have shown that livestock production need 
not be lessened by grazing under tree crops anid 
that there really isn't any reason for us to ho its 
much land clearing in some cases as we have done. 
I think we would be quite surprised with the kind 
of production we can get in the tropics by leaving 
more trees and if we do it evenly, we can end up 
overcoming the problem that Roy Blaser mentioned 
this morning, which was the camping problem, and 
this is another thing I felt was interesting. Another 
comment: I was pleased that hetero came back so 
Well in the heavily grazed areas. 
Partridge. Hetero performed well under grazing, not 
well under cutting grass. 

Plucknett. Right. This is very significant because 
hetero is common in the South Pacific. It would 
be a reasonably good species to have around if you 
managed correctly for it. 

D. Roberts (Australia). First of all, with the hetero.
 
managing it very short as you must to make it persist,
 
do you get an invasion of weeds?
 
Partridge. We don't have to manage it that short,
 
That is, the highest stocking rate was one animal
 
to :i4 acre. Now, when we had one animal to l 112 

acres, we had a more patchy growth which himl 
areas of hetero and areas of Siratro. I found weetls 
coming into this heavy grazing but the weeds we 

had were leguminous weeds. With that very dense 
cover, we kept out nearly all other weeds. We've 
got a noxious weed called tobacco weed. On chemical 
analysis, the phosphate levels, the calcium levels 
all were four limes as high as any of the leguies 
that we've planted. Maybe a few weeds like that 
make a far miore balanced diet than forcing anirmals 
to eat what you think they should eat. 
Roberts. Andt ht other thing wa's rock phosphate 
straight, not Biosuper. 

of the bigParridge. Well, I didn't try it because 
sulphur response that I had previously. 
R. Brougham (New Zealand). Two or three com
ments, then, perhaps a statement that may promote 
discussion. First of al, your superphosphate prices. 
If you could manufacture it in your own country, 
it would be about a third the price. Ours is about 

$50 per ton and from the same source, I think, Naru, 
as yours is and about the same dlistance. So, if you 
manufacture, it would cut phosphate cost way down. 
The other comment is that there are a lot of hand 
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to your hack to blowmachines that you can strap 
somefertilizers up the hills, and I wonder whether 

of these smaller machines could be usefully em-

ployed in these sorts of areas. But the third point, 

and the major point, I want to make is that I see 

a situation developing in the world, not just for 

those countries that are starting out on agricultural 
plans, but also for countries like our own, where 
we are 110, 9t)0 1 dependent upon export income from 
agricultural )roducts. I can't help thinking that for 

the countries of lesser economic abilities than our-

selves at the present time, perhaps some of the best 

forms of aid could he in the form of transport 
productssubsidies to allow these countries to get 

to market. Now, with this very large cost there is 

in transport from, usually in southern hemisphere 
counlries anyhow, distances of 5 to 10 thousand 

120. 

miles, it kills export, it's going to knock us out soon. 

Our shipping costs are going up and up and we're 

going to get to the stage where we are priced off 
willworld markets. I can't help think that the same 

apply to a lot of these other countries. 

Partridge. This tends to become political, but I think 
many subsidies like that tend to go to the ship owners 
and the price stays the same to the farmers. Beef 
production in Fiii will only be for the internal market, 
which means that we can gauge our prices a lot 

on anmore accurately than we could if we were 
export market. We do export a lot of sugar. I think, 
rather than subsidies, if on( had free competition 
in the shipping world with wharf labor and no cartels 

on shipping across the Pacific one could get a lot 

cheaper freight at the moment. So this is a political 
problem. 

Role of the Soil Conservation Service Plant Materials 

Work in Developing Plants for Hill Lands 

W. C. Sharp 
of Agriculture, Soil Conservation Service, Broomall, Pennsylvania, USA

United States Department 

By combining several disciplines, Ihe Soil Con-

Service provides technical assistance toservation 
individuals and units of government to de'elop 

soun(l (onservation programs. 
One of the disciplines is plant science. Plants-

trees-are versatile con-grasses, forbs, shrubs, antid 

servation tools. Selected plants help control erosion, 


increase forage production, stabilize shifting sand, 

otherprovide wildlife food and cover, and many 

benefits, including landscape beautification. 
used when possi-Com monly available plants are 

ble. lowever, suitable plant materials are not always 

available to meet all needs encountered in conserva-

lion work. For this reason, the Soil Conservation 

Service operates plant materials centers and emp)loys 

specialists in developing anti using plant materials, 
evaluate, select, and cooperativelyThey assemble, 

distribute commercial productionrelease and for 
plants for specific conservation uses. 

Soil, climate, anid conservation needs vary greatly 
Plant materials centers arethroughout the country. 

areas having simi-strategically located to serve land 

lar major characteristics. Consequently, results of 

their comparative plant testing are adaptable and 
areas.applicable to large geographic 

Plant materials centers' efforts are directed to servu 
of agronomy, biology,the multifaceted disciplines 

woodland conservation.range management, and 
Center managers and specialists closely coordinate 

studies with the other plant scientists working in 
Since soils are crucial to plantthese disciplines. 

performance, close working arrangements exist bc

tween soil and plant specialists. Many conservation 
use ofproblems are solved through the combined 

reengineering practices and selected plants, thus 

quiring coordinated efforts between plant scientists 

and engineers. 
there are 22 plant materi,ls centersCurrently, 

States, includinglocated throughout the United 
tlawaii and Alaska. A National Plant Materials Center 

is located at Beltsville, Maryland. It serves as a 

distribution point for plant materials received from 

foreign sources. 

THE PLANT MATERIALS WORK IN THE SOIL 
CONSERVATION SERVICE 

ma-An unprecedented demanld for ;uit able plant 

terials was created in the early thirties when the 

first national organized effort in soil and water 

conservation was launched. The demand stemmed 
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from a recognition of the value plants Dave in 
conserving soil and water. 

As environmental concerns have increased in the 
United States, the demand for oreviously developed 
conservation plants has accelerated. New conse,'va-
tion problems have been recognized. For example. 
demands for expanded energy sources from surfac 
mining, higher production from grazing land. and 
a more esthetically pleasing environment greatly 
increase the role of Soil Conservation Service plant 
materials work. 

Soil Conservation Service plant materials work 
frequently is (:onducted in cooperatiol with other 
state and federal agencies. This reduce., duplication 
of effort and accelerates the rate of plant testing 
and development. 

Plant materials activities are currently seeding 
pla;i ts for hese major hill land uses: 

-- Stabilization and productive use of surface-

mined lands. 
extend the season of prodln--Forages that will 

ion, produce superior-quality feeds, more efficiently 
marginal land, and give better soil protection.use 

-- Low-volume cover to replace brush on mountain 
slopes to reduce the possibility of fires that threaten 
life, property, or result in serious sediment sources. 

-Improved wildlife food and cover. 

Inthe seahrch for conservation plants, plnt materi-
als centers freq- itly emphasize the collection and 
evaluation of prc. ,ously unused species, rather than 
placing emphasis on developing cultivars from 
within a species already used for solving the (:on-
servation problem. For instance, let us assume a 
surface mine reclamation problem could le sotved 
through the use of a more acid tolerant grass. In 
addition to screening accessions of the grasses cur-
rentiy used on such sites, emphasis wOuld be placed 
on collecting previously unused species. Such plants 
may be native, occuring naturally on a problem site. 
or may be an introduced snecies collected for poten-
tial adaptation. 

All plant materials centers follow a similar testing 
procedure of several steps in the development of 
conservation plants. The procedure may vary slightly 
depending on the nature of the problem or the type 
of plant materials being evaluated]. The following 
outlines the procedure generallv used with a specific 
example of plants recently released for stabilizing 
acid surface mine land in the eastern United States. 

Identify tihe Problem 
First, the conservation problems within the area 

served by the plant materials center are identifiedl. 
From this information, needs and priorities of work 
are determined. Once this is done, a project is 

initiated to select plants or develop procedures to 
solve the problems. 

Stabilization of acid surface mine spoil below p1-I 
5.0 has been recognized as a problem for years in 
the area served by the Big Flats Plant Materials 
Center. Work relative to it was started at Big Flats 
in 1957. 
Collection and Assembly 

Plants that may have value for solving conseivation 
problems are collected from many sources. SCS 
employees or others may make collections of material 
or naturalized material. In addition, plants may be 
obtained from foreign sources through the Agricul
tural Research Service. 

Many species of plants were collected for the acid 
mine spoil problems in 1958-60 at the Big Flats 
Center. Approximately 500 accessions of 30 species 

Included were a few cotlectionswere assembled, 
of (leertongue (Pancum clandestinum) and two 

collections of bristly locust (Robini'i fertilis). An 

additional 50 collections of deertongue were made 
in 1966. 

Initial Evaluation 

Species are initially screened in comparison with 
known standards in rows or small plots. Here, all 
are elicinated but the. few superior plants which
 
appear to have the qualities needed for solving the 
specific conservation problem.
 

The deertongue and tristly locust accessions were 
(omparedt againsl each other as well as other species 
used for acid mine spoil stabilization. The principal 
evaluation criteria for the devirtongue was quality 
and quantity of long-term (over and tolerance to 
pH below 5.0. The bristly locust was evaluated for 
speedy spread, pit tolerance, quality of cover, and 
plant vigor. 

Selection and Initial Increase 
Only the few superior plants are valuable enough 

to warrant further testing. Those showing real prom

ise in initial tests are selected and inc(:reased for 
more intensive eva uation. 

One bristly lIcust accession was selected for ad
vanced evaiumntion. Twenty deertongue accessions 
were sele(;led. 
Advanced Evaluations 

Two types of advanced evaluations are conducted. 
One is to evaluate selected species, ancl the other 
is to develop cultural and management studies need
ed to facilitate su(cCessful establishment and mainte
nance of improved plants. 

A. Selected Species. Adva,eted stundies ;are con
ducted on those plants selected from initial testing. 
More intensive and quantitative evaluations are 
made to be sure those initially selected are truly 
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superior. Selected plants are subjected to intensive 
comparative studies with commercially available 
material, 

Advanced testing may be conducted on the plant 
materials center or at off-center sites. The location 
is determined according to the nature of the evalua-
tion to he made. If the evaluation can best be made 
on sites that closely resemble the problem being 
studied and such sites are not available on the center, 
then off-center sites are used. 

The bristly locust was planted on many eastern 
surface inines. Sites were below and above p1-1 5.0. 
It was compared against several species recommend-
ed for mine spoil planting as well as against other 
species selected from the original 1958-60 collection 
for survival, rate of spread, and vigorous growth. 
'Ihe 20 accessions of deertongue were further eval-
tiated for seed production potential, forage produc-
lion, disease and insect tolerance, and growth char-
acteristics al the Big Flats Center, as well as growth 
characteristics, p11 tolerance, fertilizer requirements, 
and persistence of stand on mine spoil sites. 

B. Cultural and Managenwent Studies. Examples 
of cultural and management studies are: 

- Compatibility species for extending the 
grazing season and increasing production on range
and( pastutre la nd.Cntr 

seed prodiuction of conservation- Facilitating 

plants. 


- Techniques for soil moisture retention and 
utilization in (fry climates. 

- Methods for vegetative stabilization of surface 
ninid lamnd. 
Such studies may be conducted on or away from 

the plant materials center. 

Large-Scale Increase 

Phla ts that warrant evaluation beyond advanced 
testing are produced at the plant materials center 
in sufficient quantity to allow for final evaluation. 

Several thousand plants of the bristly locust acces-
sion were grown. Based on initial and advanced 
evaluation, seed of the 20 deertongtie accessions 
were blended into one accession and placel in 
large-scale increase, which provided several 
hundred plants of seed for final evaluation. 

Final Evaluation 
'l'he final evaluation of promising plant materials 

aml/ or methods for their establishment anti man-
agemenit are conducted in field-sized units through-
out the area of their potential adlaptation. The plants 
and methods are compared under actual use condi-
tions to standard varieties and methods under local 
soil, climate, and land use conditions. 

'The bristly locust and deertongue blend were 
)iantd extlensivly throughout the eastern coal 
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mining region in large plantings. Emphasis was 
placed on selecting sites with pH below 5.0. Each 
planting was made in comparison with a commonly 
recommended plant. 

Release 
Superior plant materials are released jointly with 

cooperating state agricultural experiment stations 
and other interested state and federal agencies for 
commercial production and widespread use. Most 
varieties of grasses and legumes are released as 
certified varieties. Simultaneously with the release, 
information is prepared for publication on the avail
ability and use of the new plant. 

The bristly locust selection was released by the 
Soil Conservation Service as "Arnot" and the deer
tongue blend was released by SCS, Cornell Universi
ty, and the Pennsylvania State University as "Tioga." 

Production and miaintenance of Genetically Pure 
Planting Stock 

The plant materials center, or an agency designated 
at the time of release, is responsible for maintaining 
genetically pure planting stock of the improved 
variety and for making such material available to 
commercial producers.

Arnot and Tioga are maintained by the Big Flats 

Center. 

Commercial Increase 
To be sure supplies of the new plant are available, 

seed or plant production is encouraged. This may 
be with resource conservation districts and crop 
improvement association cooperators or state and 

private nurseries. 
Arnot and 'Iioga are now in commercial produc

lion. 

IMPROVED PLANTS FOR HILL LAND USE 
The cooperative effort between SCS and other 

agencies has resulted in the release of 200 conserva
lion plants. Over the years. many have been replaced. 
There are more than 120 varieties now in commercial 
production and use in conservation programs. Many 
of these are for specific hill land use. 

"Lana" vetch (Vicia dasycarpa)is a valuable forage 
legume for use in the winter-wet, summer-dry cli

mate of California. Although an annual, it is a reliable 
reseeder under good management and supplements 

the native or naturalized grasses which dominate 
the area. 

"Blando" brome is an improved strain of the native 
soft chess (Bromus niollis), which is widely distrib
uted throughout the annual grasslands of California. 
Not only is it useful for seeding with "Lana" vetch 
for forage production, it has proved to be one of 
the most versatile cover crop plants in orchards and 
vineyards in the hill lands of California. 
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More than 400000 ha of surface-mined land have 

been reclaimed hy 22 500 landowners in 1973 re-

source conservation districts, Mul ch of this reclama-

tion was accomplished by using plant materials 

developed a! SCS plant materials centers. Plants used 

in the easte~n coal mining region primarily for 
brist INlocust. "Cardi-revegetation include "Arnot" 


nal" autumn olive (Elavapnus urnbilata), "Che-


mung" and "Emerald" crownvetch (Coronilla varia), 


and "Lathco" flatpea (Iathy-rus sy'1estris). 

Plants used in much of the western coal mining 

region frequently serve to stabilize the spoil and 

provide forage for grazing livest:ock. Hamits used in 
G;reat Plains are "Rosa na" westernthe northern 

wheatgrass (Zlgropyron sinithii). "Cr1tana" thick-

spike wheatgrass (A. das'stachvmn), and "Pierre" 

sideoats grama (Boutelou, curtipel](/hdI). "Duar" 
hard fescue tl-'estuci oina tliiiisul/a) has wide 

adaptation for stabilizing disturbed ireas from 

Washington to North Dakota. 
Plants recently released for surfae mine recla ma-

tion are "Tioga" deertongue for use on icid spoil 

in the east and Wvtana fourwing sltbush (Atriplex 
canescens), which can be direct seeded for revegeta
tion and browse in the northern Rocky mountains. 

Examples of grasses developed for use on renovat
ed rangeland in the Great Basin states of the western 
United States include "Ituna" puhascent wheat'rass 

(A. trichophorum) and "Whitnair" beardless wheat-
grass (A. inerm e). 'Perla' koleagrass flt'haaris Iii-
bersa var. hirtiglumis) is a perennial grass used 

for extending the grazing season on winter annual 

ranges of California foothills and coastal ranges. 


FUTURE EMPHASIS 
isreasonable to toped

It ithat the oportunity 
still exists to find new plants to do conservation 
work. The search continues at 22 plant materials 
centers across the United States. One search is taking 

place in the Appalachian hill lands. 

A major effort is currently under way to select 
plants for the increased utilization of approximately 

342000 ha of improved pasture land in the North-
east. Much of this land is marginal due to physical 
soil limitations, 

ueMany plant ecotypes are screened for 
bed rock and mo(eiratelydifferent soils: shallow to 

well to poorly drained soils. 
While climax vegetation in the region is evergreen 

warm seasonand hardwood trees, a few native 
grasses can be found scattered over much of the 
area from New York to Tennessee. Observat ions 
reveal that these plants are capable of producing 

of forage during the summersignificant quantities 
months when the introduced cool-season species are 

dormant. The potential commercial use of these 
plants has not been explored, 

Currently, selections of switchgrass (Panicum 

virgatun), big bluestem (Andropogon gerartli), and 

Indiangrass (Sorghastrum nutans) have been made 
now in the final testing stage for improvingand are 

summer forage on shallow, droughty soils. A syn

thetic strain of purpletop (Tridens flavius) will soon 

be placed in advanced testing for the same purpose. 

Crownvetch is adapted to droughty soils and may 

prove useful as a legurme to supplement grass pro

duction. 
Accessions of zig-zag clover (Trifoliinnimedium), 

kura clover (T.ambiguumn), and big trefoil (Lotus 

uliginosus)are being screened for use oil soils with 

a fragipan. These legumes have not been used con

mercially in the Northeast, but they show potential 

for improving the utilization of poorly draine0d soils. 

Limiting cultural factors, such itsseed production 

and proper inoculation, need to he resolved before 
these plants can be widely used. 

Major strides have been made in developing coil
used in hill landsservation plants. Many of these are 

of the inited States. [here continues to he opport u

nities for plant selection from the diverse plant 

kingdom. 

DISCUSSION 
R. Cuany (Colorado, USA). Do you have the inocu
lurn of kura clover and the zigzag clover from the 
original native home of those species, which is Asia, 

or are you using materials that are derived from 
programs at Beltsville'? 

Sharp. We are using inoculum that has been devel

by persons other than ourselves. For example, 
I believe that some inecuiun for zigzag clover has 
been secured from Purdue lniversity. I do not know 
their source of the material. 

collaborating with
Cuany.Inthe same line, we are 


the newest of the plant material centers, the one 
in Meeker, in programus of trying to collect and 

domesticate some of the Rocky Mountain native 
plints. Among those are some lupins that we think 
might he useful in revegetation work in the Rocky 

Mountain region, including the oil shale area oil 

the western slope. 

F. Horn (Oklahoma, USA). Some (f the plants that 

you mentioned are among those that have hwen 
the inflhx of cattle thatgrazed out in the past by 


have come(il
onto the plains anuId through these hills. 

My question, are such things as Indiangrass, that 
you mentioned being worked on, a livestock feed 

p'r se? Is this aimed only at conservation of soil 
in areas su(h as roadsides, or is there an effort to 

identify genetic material that can be used specifically 
in livestock systems where it will also protect the 
soil? 
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Sharp. Ibelieve the answer to both of tho'e questions 
is, yes. The items that I discussed here, the activity 
that I discussed, are predominantly for improved 
forage production andi soil protection on these mar-
ginal lands in the Northeast. You may be familiar 
with the grazing habits on much of this land. Not 
only is the production very poor from them but there 

121. 

HENRY, EVERETT, AND EVANS 

is a reasonable amount.of soil loss. Now this has 
a great deal to do with management, so you can 
understand with the introduction or the use of any 
of these plants there must be some changes in 
manage:ent. These plant materials are being evalu
ated i.sr their potential for forage production and 
soil conservation on grazing land in the East. 

Clipping Effect on Stand, Yield, and Quality of 
Three Warm Season Grasses 
D. S. Henry, H. W. Everett, and J. K. Evans 
Plant Materials Center, USDA-SCS, Quicksand, Kentucky, and University of Kentucky, Lexington, Kentucky, USA 

In the Appalachian Region of the United States 
there are areas that are not producing the desired 
forage for livestock use, especially during hot sum-
mer months. These areas have shallow soils and 
steep and irregular slopes with high exposure to 
the sun. To supplement cool-season grasses on them 
during summer dormancy, warm-season grasses are 
being used on a limited )asis. 

This study was conducted over three consecutive 
years (1972-74) at the Soil Conservation Service 
Quicksand Plant Materials Center, Quicksand, Ky., 
located in the mnoderate continental fore:;t region 
of the Appalachian Plateau. 
The study was conduoct ed to dihh rm in ' the effects 

of clipping three warm-season grasses: "1Kaw" big 
bltuestem (Andropogon pt'erardi), "Blackwell" 
swit ;Ihgrass (Panii(un virgatum) and "Cheyenne" 
Indiangrass (Sorihastruillnzitans). 

MATERIALS AND METHODS 
The three graisses were broadcast seeded in May, 

1970, oil prepared seedbed plots of 1.3 X 3.0 m, 
at the rate of 6t45 pure live seed per square meter. 
No fertilizer or limestone has been added since the 
project began. Soil tests at the beginining of the 
project revealed pl, 6.5; P, 47 kg/ha; and K, 277 
kg/ha. 

Clipping began in June, 1972, after 90 to 100% 
stands were established. 'I'he (clipping schedule in-
cluded combinations of two clippings per season 
to one clipping each month during the growing 
season, June through October. All clippings were 
made on or as near the 15th of each month as p)ossible. 

Two visual stand ratings -f percent ground cover 
of the seeded species were made each year, when 

growth had stopped in the fall and after growth 
began in the spring. After samples were clipped, 
the materials were placed in sealed plastic bags and 
weighed within 1 hour. Samples were oven dried 
at 70 C for 36 to 48 hours and weighed again. 

A randomized complete block with three replica
tions was used. Big bluestem and switchgrass were 
clipped at the stubble height of 8 cm, 15 cm, and 
23 cm, and Indiangrass was clipped at a stubble 
height of 5 cm, 10 cm, and 15 cm. 

RESULTS 

Table 1 shows that big bluestem cut in July and 
October at 23 cm, the highest clipping height, had 
the best stand remaining, almost 70%. For the stands 
remaining in 1974 clipped at all heights, those 

TABLE 1. Effect of cutting time and height an 

stand of "Kaw" big bluestem 

Percent Stand 
After 3Years 

Stubbh Iheight 
Cutting Time Hcm 15 cm 23 cm Means* 

June &Oct. 57.0 55.2 40.5 52.9 b 
lone-Oct., monthly 13.11 37.2 54.0 35.1 c 
luly & Oct. 67.3 69.2 69.7 68.7 a 
Aug. &Oct. 57.5 64.2 58.2 59.9 ab 
Sept. &Oct. 29.3 38.2 36.5 34.7 c 

Means* 45.0 a 52.8 a 53.0 a 

*Means followed by the sane letter are not significantly 
different at the 5%level according to Duncan's multiple range 
test. 
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meansclipped in July and October were best. Stand 
for big bluestern showed a significant cutting time 
effect. Cutting height had no significant effect on 

the stand, but cutting time by cutting height interac-

tion did. The poorest stand (13.8%!;,) was a result 
month, June through October. atof clipping every 


the lowest clipping height (8 cm). 

Table 2 shows that the highest yield for big 

bluestem was at the lowest clipping height (8 cm), 
clipped in September and October (69131 kg/ha). 

TABLE 2. 	Effect of time and height of cut on the 
yield of 'Kaw' big bluestem 

3-Year Averaige Yic ld 

Oven Dry Weight kg/ha 

Stuhih, eight 

Cutting Time 11cm 15 cm 23 cm Means' 

6 788 4 022 2 6110 4 497 abJune & Oct. 

June-Oct., monthly 4210 4 131 3 29) :880 1) 


July & Oct. 6337 4274 3345 
 4652 a 

Aug. &Oct. 6622 3 371 2485 4 159 ab 

Sept. & Oct. 6913 36102 2501 4339 ab 
380 h 2t162 cMeans' 6174 a 

lettter are not significantly*Means followed by the same 

different at the 5% level according to Dun can's muiltiple range 

test. 

This also was one of the poorest stands remaining. 
means due to culting time areThree-year-yield 

'odifvrrvnisignificant for big bluestem. The yield of big blue-

stem clipped every month was significantly lower 
than that for bluestem clipped twice per year. Clip

ping height means show that yields were signifi
cantly lower as clipping height increased. Big blue

stem showed no effect of cutting height by (:utting 

time interaction. 
Table 3 shows that Indiangrass clipped in July 

and October at the lowest clipping height (5 cm) 

had the best stand at 48%. In fact, July and October 
clippings 	were among the hest stands remaining in 

1974 for all clipping heights. The poorest stands 

were those clipped in September and October at 

all cutting heights; this was also reflected in the 

cutting time means. There was ii significant dif-

ference in 	stand due to cutting tirne. Cutting height 
or cutting time by cutting height interaction had 

no significant effect on stand. 
Table 4 shows that the highest yield for Indiangrass 

was at the lowest cutting height (5 cm), clipped in 

September and October(8214 kg/ha). Again a poor 

stand resulted from this cutting height and treatment. 
The 2-year means showed no significant difference 
in yield of Indiangrass due to cutting time. Means 

TABLE 3. Effects of cutting time and height on 
the stand of "Chieyenne" Indiangrass 

Per:ent Stanl
 
After :3Years
 

Stubhle Ileight
 

Ctting Time 5 (:m 10 cm 15 cm Means" 

title &Oct. 43.8 26.3 19.3 29.11 ) 
June-Oct., monthly 19.5 30.7 45.5 31.9 h) 

July & Oct. 48.2 43.5 44.3 45.3 ia 

Aug. & Oct. 15.5 21.2 29.n 22.6 hc 

11.5 10. 16.5 1 I t : 

Mcanls, 	 27.1 a 268 a :10.9 it 
Means followed hy the sane letter are not siguiificiitly 

Sept. & Oct. 

t	 multiple riligidifferent at the 5";1 level according to Duncan's 


tes.
 

TABLE 4. Effect of cutting time and height on 
the yield of "Cheyenne" Indiangrass 

2-Year :\vr,itte Yield 

(ven Dry Weight kg/ha 
Stuildv Ilbight 

Cutting Time 5 m t) :m 15 cmt Meilis' 

3611 2 623 4 36 1 a fulne & Oct. 6 85 

June-Oct., monthly 6t665 4 3tt5 3930:17 5 (11:1 a 

July & Oct. 61174 4 721 414117 5 14 , 

Aug. &Oct. 6 753 41114 :1202 5 156aa 

4 251i 211111 5 117 itSept. &Oct. 11214 

Means" 7157 a 43161) :1426 c:
 

iat the 5'%;leel aiccording to Dulncani's muttlilo ranlgv'
dfen at the atlimn: niuiilr 

list. 

showed that yields were signififor cutting height 
cantly different. Production decreased as (.ttling 

height increased. Indiangrass showed no response 

to cutting height by (utting time interaction. 
Table 5 shows that the best stands of swiIchgrass 

in plots clippedat the termination of the study were 
in August and October at all clipping heights. Clip

ping in August ad October at a height of 23 cm 
resulted in best stan(, almost 91 % . Cutting time, 
cutting height, and cultling time by cutting height 

on stands ofinteraction all hail a significant effect 
switchgrass. Clipping during July and October and 
August and October at all heights resulted in the 

best stands. Cut-height had a significant effect on 

stand; the better stands were those clipped at 23 

Gm. 
Table 6 shows that 3-yea.--yielhl means for switch

grass were significantly different for cutting time 
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TABLE 5. Effect of cutting time and height on 
the stand of "Blackwell" switchgrass 

Afercent Searl 

After : Years 
StuhhlhItheight 

Culting Time ii clm 15 cm 231cm Means* 

june & Oct. 7(.2 74.7 62.7 69.2 he 

junle-Oct., monthly 11.7 40.3 62.2 37.1 d 
July & Oct. 78.2 77.5 72.7 76.1 ab 
Aug. & O0t. 00.0 81.2 90.11 114.3 a 

Sept. & (et. 54.2 59.3 61.0 59.0 C 
Meiis" 58.4 b 60.6 Ab 70.9 a 

"Means followed by the same letter are not significantly 
different at Ihe 5% level according to Duncan's multiple range 

test. 

TABLE 6. Effect of cutting time and height on 
the yield of "Blackwell" switchgrass 

Yeiar Avi'rige Yield 
lviii Dry Weight kg/ha 

Stubble elight 

Cuitling ime 11cm 15 cni 23 cm Meanls* 

June &Oct. 6H52 4712 	 43970 b 
4 29 9june-Oct. monthly 43295 4235 4337 

July & Oct. 7415 6370 419 62tR ia 

Aug. &Oct. 9037 5:147 4407 G263 i 
sept. & (lt. 6605 4:100 3 122 4676 h 

Means* (t47 a 4 993 1) 40261 : 

'Means followed by the sarme letter are not significantly 

different at the 5% level according to Duncan's mulliple range 

test, 

highest yield for switchgrass wasand height. Th 
obtained at the lowest clipping height (8c(;m), clipped 

in August and October (9 037 kg/lha). Bear in mind 
this was one of the better stands remaining,that 

July antid( October and August and( October were the 

most productive harvest dates. Cutting height by 
cutting interaction had no effect o switchgrass 

production. 

PROTEINS AND DMD 
(tII ting height had no significant effect on protein 

contetnt or I)M I) (dry matter disappearance) for all 
species. Cutting time had a significant effect Ol 
protein content and DMD. This effect was apparently 
(Iue (to the variable amounts of utseeded species 
in the samples. 

HENRY, EVERETT, AND EVANS 

DISCUSSION 
G. Jung (Pennsylvania, USA). The management 

normally used with cool-season grasses when ap
plied to these warm-season species is a sure way 
to knock them out. We've noticed in otr grazing 
trials, which come pretty close to simulating your 

July, October clipping treatments, that all cultivars 
are not responding the same way. For example, it 

would appear to us at this time, and this is only 
the second year of grazing, that Kaw big bluestem 
is not as tolerant of the July grazing system is is 
the New York 1145 that you )eople provided. I don't 
know whether this is due to time of heading or 
not but the New York strain heads quite a bit ahead 

of Kaw and I wondered if you've had further experi
ence that would confirm this? 
Henry. I think that's right. We tried to select for 

a late-maturing big bluestem but the one we selected 
seemned to have a low viability and it was very hard 
to get germination on it although it was much later 

than strain 1145 and also Kaw. Kaw is a real good 

emerging bluestem and has good seedling vigor, 
but it is just a little bit earlier than what we thought 

we could use in these supplemental warm-season 
grasses to go just a little hit further into August. 
Jung. Under our conditions, several hundred miles 

north of yours, the 1145 would be headed about 
July 20 antl then the Kdw would not be heading 

It seemed to meuntil sometime in early August. 

that the Kaw wits more sensitive to the July manage
ment under our (:onditions, perhaps because it was 

in the early jointing stages or at least in the middle 
of joinling, without any head showing at the time 
we imposel the July grazing management. 

Henry. It's as though your grazing at the Western 
Pennsylvania Forage Farm was similar to our clip
ping study in this period of July and August. Switch
grass will go just a little bit further than that particu
lar species, Kaw. I would ,tome maybe you could 
go just a little bit further into August in Pennsylvania 

than you could at Quicksard, Kentucky. 

Floyd Horn (Oklahoma, USA). We work with the 

same grasses some and I'm especially curious about 
your dry matter digestibility values with respect to 

clipping height. We always find that the lower the 

clipping height, the less digestible the material is. 

What stage of mnaturity were these grasses when you 

cut them? When dto you normally get frost or (lid 
you get frost in this particular case? 
Henry. That clipping in October is solely after frost. 

All plots got the October clipping after a good frost 
that killed. This middle clipping height that I keep 
referring to seems to be about the best height there, 
15 cm. July and August were the best for the 
switchgrass. For big bluestem, July clipping resulted 
in some of the better stands remaining and the most 
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yields. These had not had any fertilization at all 

we've heard a lot this week about nitrogen,and 
on noThese are still producing fairly good yields 

at all, no nitrogen. The University offertilization 
onKentucky has switchgri'.ss in some trials going 

right nowv in mixtures wit!- legumes and also with 
there will be some good thingsapplied nitrogen so 

to compare with them. 

K. 	 F. O'Connor (New Zealand). Sone of you may 

I presented yesterday inhave seen one slide that 
which I referred to the grassland development 

a depleted grassland.transition. You start off with 
and it will be

You rebuild the fertility of the site 

by the most economical way possible of getting the 

nitrogen recycled in that area. For some time, you 

go through process of continuingare going to the 
flow of nitrogen recycling, but

to have that mass 
the that you've got

when it comes down to fact 

to adjust to the variable precipitation that you have 

through summer and autumn and still do what John 

us to do, have animal condition thereEadie wants 
becomesat its best for tupping or mating. Then it 

to know the role of tall grassesof vital importance 
in the total fe,,d supply system. Our tall grass 

Chionochloa, v,hich literally means snow grass, 
like your tall grasses. They'reresponds very much 

moreadversely affected by clipping height, anid the 
iore severe the cIipping, the morefrequent and the 

do they suffer. What interests me a great deal is 

this question that Dr. lung raised. We know we've 

got different ecotypes of Chionochloa within New 

Zealand. I'm convinced that you've got a tremendous 

range of ecologic variation in your Andropogons and 

in the other tall grasses sutch as Indiangrass and 

so on in the North American Continent. I suspect 

that these ecotypes are greatly differentiated by the 

particular strategies that they have for responding 

to climatic fluctuation. Now., I mentioned yesterday 

that Alan Mark found by taking our Chionochloa 

from the alpine and sub-alpine environments to 

control climate laboratories at Alberta that our alpine 

tall grasses were not switched off by a short sharp 

blast. The equivalent of the Canadian air arriving 

down here for a fall football game doesn't switch 

off the plant, but a sustained cold period might. 

Some ecotypes probably preserved now in your 
off by only sustained cold;Varieties are switchiid 

others may be swit(,hed off by temporary, but fairly 

sharp sort of cold. 
to isThe second point that I would like raise 

the question of the nutrient cycling with the plant. 

In animal feeding, we get very concerned about 

is. If we think in terms of the
where the protein 

startinternal nitrogen economy of these plants, we 
move back intoIll speculate on when the nutrients 


sheath tissue for the subsequent spring growth. Now
 

I've asked enough, but we need to know what you 

now know of the internal physiological strategies 
so

of these different ecotypes anti different species 

that we can start to interpret the results that you're 
clipping treatments iat differentgetting with your 

times of the year and at different severities. 

Henry. All three of these particular varieies-Illlack
well, Kaw and Cheyenne-as you know,. caine out 

of the midwest-and whether they are tl best 

ecotypes for this part of the Appalac;hian Region 
They seem to have goodI refer to, I don't know. 


seedling Vigor. Cutting at various heights didn't ha,
 

any effect on the protein and Ihe dry matter dis
takesappearing or the amount of dry matter the cow 

in but maybe we'll have some ecotypes that will 

show this. These warm-season grasses are high in 
man thing when weproteins, and that's good. The 

to fill in that gap, July, August andstarted this was 
where the short cool-seasonparts of September. 

somegrasses are dormant. It may be like Sudan and 
use it as intensivelyof the sorghums-you can just 

as you'd like and then the cool-season grasses will 

be coming back a little later. 
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Tropical Forest Land-Use Evolution in Northern Thailand
 

S. Wacharakitti 
Kasetsart University, Bangkok, Thailand 

Remote sensing, including conventional photog-

raphy of earth resources from aircraft and satellite, 

can generate large quantities of data of significant 
value to forest and agriculture land-use planning. 

Multidate aerial photographs provide information 
on forest and agriculture land-use classification, andhtheir c~hanges. l.ANDSAT-1 imagery also allows land 

of large alreas. This paper discusses the role of blackplanners to examiae characteristics and the changes 

and whit. aei ial photographs and satellite imagery 
to determine forest depletion in the remote area of 
northern Thailand. 


THE STUDY AREA
The study area iacceleration north latitudeThe study area is located between 

19012 ' and 19020 ' and 98045' and 98059 ' east longi

tiude, and includes approximately 290 square km. 
are vari-The vegetation and topography of the area 

abde.The vegetation types in the area can he classified 
into fi'.'e cat egories based on the composition of the 

forest, elevation anti slope as follows: hill evergreen 

forest, dry evergreen forest, mixed deciduous forest 

with teak, dry dipterocarp forest, and dry dipterocarp 
forest with pine. The elevation of the study area 

varies from approximately 400 m to 11800 m. 
Most of northern Thailand is subjected to shifting 

cult ivation. It is estimated that about 2.3 million 

have been cleared and burned,ha of watershed area 
mostly by the hill tribes living in the mountainous 
area of the north (Komkris, 1970). The study area 

has long been heavily devastated hy shifting cultiva

[ion. Natural resources destruction information is 
this investigationrelatively unavailable, therefore, 


wIs cCnducted to provid statistical data to support 

natural resource planning in the future. 


GENERAL APPROACH 

'the historical photo-interpretation was performed 
on multidate photographs, including LANDSAT-1 

to classify and map theimagery of the study area, 
e and to determineforest an(d agricultural land tl' 


changes. The photographs were assembled antl in

terpreted by conventional methods to provide
 

various dates of land-use and change maps. 


The research has been undertaken to evaluate the 

utility of LANDSAT types of systems for providing 

ther data necessary for local and provincial pregrams. 
and agricul-Enphasis is given to their use in forest 

t.ncal land-use mapping and planning in northern 

Thailand, and the identification of critical sites, such 

as shifting cultivation and cultural resource areas. 

RESULTS AND DISCUSSION 

Forest Depletion 
The greatest time interval between dates of the 

available land use planes was 18 years (1954-1972).
each land useComparisonl of area measurement for 

between these two extreme dates provides an initial 
estimate of evolution of land-use pattern inthe study
 
site ('abe 1). Total are of each land use on each 

of four dates revealed more clearly the progressive 

land use of the site and the recentchanges in 
of the rate of forest depletion (Fig. 1). 
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Figure 1. Forest land-use depletion and the concomitant in
of shifting cultivation.crease in the area 

The acceleration rate decrements were evident in
 

all the areas of forest tyl)es. The hill evergreen forest 

appears to have been depletedI from 9 909 ha in 1954 

to 5 316 ha in 1972 (3.52% per annum); mixed 

forest with teak sustained the greatestdeciduous 
2478 ha 1073 ha (4.76% perdecrement, from to 
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LAND-USE EVOLUTION IN THAILAND 

TABLE 1. Generalized land-use evolution in Nikom Doi Chiang-Dao site between 1954 and 1972 

Type of Land Use 

Hill evergreen forest 
Mixed deciduous forest 

with teak 

Dry dipterocarp forest 

Dry dipterocarp forest 

with pine 
Dry evergreen forest 

Subtotal of forest
 
types 


Swidden areas 
Irrigated rice fields 
Tea plantations 

Teak plantations 

Total 

Area in sq km Change in 
Percentage 

Change in 
Percentage 

1954 1972 Change (18tyrs) (Yearly) 

99.09 53.16 -45.93 -46 -:.52 

24.78 10.73 -- 14.05 -57 -4.76 

93.60 73.89 -19.71 -21 -1.32 

8.24 5.32 -2.92 -35 -2.46 

8.80 5.42 - 3.3t8 -38 -2.72 

234.51 148.52 -85.99 -37 2.57 

39.51 103.09 63.58 +161 45.47 

15.02 24.70 9.68 +64 -2.110 

3.50 16.38 12.88 +368 -18.95 

0.00 0.43 0.43 - -

292.54 293.12 +0.58' 

of the total land use area is due to coding errors along the study area boundary.'Discrepancy 

annum); dry dipterocarp forest decreased from 9 360 

ha to 7389 ha (1.32% per annum); dry dipterocarp 
to 532 ha (2.46% perforest with pine from 824 ha 

annum); and dry evergreen forest from 880 ha to 
per annum). The depletion appeared

542 ha (2.72% 
most significant in the hill evergreen forest and 

mixed deciduous forest with teak because of their 
fertile soils and the presence ofcool climate and 

commercial timber, respectively. 
otherA concomitant increase took place in 


irrigated rice
competing land uses. Swidden areas, 
fields, and tea plantation increased from 3951, 1502 

1954 to 10309, 2470, 1638 ha,and 350 ha in 
2.80% and 8.95%respectively, in 1972 (5.47%, per 

annum). A total of 8599 ha of forestland had dis

appeared between 1954 and 1972, or about 37% 
of the forest area present in 1954, an average annual 
depletion rate of 2.57%. Teak plantations were first 

established in 1968. By 1972 the area of the planta-

tions was 4", ha.
 

Tropical Forest Land-Use Evolution 

was developed to simu-


The Markov Chain mode] 


late land-use evolution. The 9 by 9 element (for 

all nine possible
(Pjk), multiplied hy the stochastic row 

vctr, P = (Vj), multipliedsbmulaeedtoreastfceaoh 

vector, V = (Vj), yielded a simulated area of eatch 

land use at each iteration. The projection will be 

performed for a century but the validity of the model 

is limited within some period. The complete models 

of the future of each of the nine individual land 

uses of the site based on the 1968/1972 data planes 


matrix, P = land uses) probability transition 

706 

9 

8" 

frstpforesttype. 

k.) = steady or stable state. 

= a pathway of possible changes. The head of the 
- arrow indicates the direction of event. 

= occurrence of less common sequences. 
Figure 2. Forest transformnational diagram ofthe Markov model 

of land-use evolution. The numbers inside the circles present 
the index of each forest ecotype as coded earlier for each 1-ha 

cell on four dates. 1 - hill evergreen forest type; 2 : mixed 

deciduous forest type with teak; 3 dry dipterocarp forest; 

4 : dry dipterocarp forest type with pine; 5 i dry evergreen 

forest; 6 - swidden area; 7 -- irrigated rice field; 8 tea 

plantation; 9 - teak plantation. 
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Figure 3. Predicted areas of each of the nine possible land uses 

changes between No limitsbased upon the 1968 and 1972. 
have been placed on the possible growth of any land use relative 

to any other. A proposed region of validity of the modeled 

results is shown ending in approximately 1980. 

c(levrly show tillimitation of attempting to interpret 

future trends from such models. Thelong-lerm can 
transformational diagram of land-use evolution 

in terms of a systematic diagram (Fig.
he! expressed 
2). The projection of the trends in land-use evolution 

is ill,.israited in Fig. 3. 

Sensitivity Analysis 

A general approach to preparing a spatial land-use 

model treats the past, current, or change in the land 

use of a (cell (e.g., one ha) as the dependent variable 
asand other characteristics; elevation, slope, and 

pett, as the independent variahle. The examples 

show only thf distrihution histograms (sensitivity) 
of 1972 swilden area versus elevation, slope, and 

similar histograms were 
aspect, respectively, ut 

produced for all land use and dales. 
The exanple histogram for the sensitivity of shift-

(Fig. 4) illustrateding cultivation versus evation 
was at an averagethat the 1972 shifting cult ivation 

one standard deviation1082 withelevation of m 
(_t-o) ranging fron 442 to 1 738 m. A second histo-
gram (Fig. 5) illustrated that shifting cultivation was 

±o rangepracticed at the average slope 3"1 with 

from flat to a slope of 70' . The histogram of swidden 

areas as a function of aspect (Fig. 6) showed that 

has very little role in determiningsl,,pe aspect 
shifting cultivation practice, prohably hecause the 

16 20 24 28 32 36 40 44 48 52 56 60 64 2068 

(Year) Mixed deciduOuS teost with Teak 

Dry evergreen forest 
-------- Teak plantations 

Dry dipterocarp forest with pine 
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vs elevation.Figure 4. Distribution of 1972 swidden areas 

to aspect
energy balance of surfaces with respect 

are approximately equal in tropical regions. 

Value of ERTS Imagery 

We found that MSS hand 5 is the hest single hand 

for first and second order classification of forest and 
MSS band 7 wasagriculture land use. However, 


found to have a good contrast in land and water
 

discrimination. Five land-use categories in the study
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area were identified on MSS band 5 and four on 
band 7 at 1:250000 scale. Color IR composite pho
tographs, which are a :orbinattion tf hands 4, 5, 
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Honey Production on Reclaimed Strip Mine Spoil 
P. N. Angel and C. M. Christensen 
Madisonville Community College and University of Kentucky, Madisonville, Kentucky, USA 

Currently an estimated 405000 ha (one mil-
lion acres) of land has been disturbed by strip mining 
in the Appalachian region (Grim and Flynn, 1976). 
Many of the plants being used to stubilize these 
lands represent a potential nectar source for the 
production of honey and bees 'wax. 

No formal research has been conducted to measure 
the honey productivity potential of recla;med strip 
mine spoil. However, several progressive ).eekeepers 
have recognized and have begun to utilize these 
nectar sources (Floyd County Times, 197(i). 

Approximately 88775160 kg of honey were 
produced in the Jnited States in 1975 and sold 
at an average wholesale price of about one dollar 
per kg. However, an additional 181160000 kg of 
honey were imported, illustrating the existence of 

a market for increased honey production (Honey 
Production, January 20, 1976). This increase in 
production can very possibly come. from utilizing 
the nectar sources on strip mine spoil. 

A study on potential honey production on strip 
mine spoil was initiated in the spring of 1976 with 
the following main objectives: (1) to determin tie the 
number of kg of honey pr(J(luced from nectar sources 
grown on strip tne spoil; and (2) to identify hive 
management te:hniques that may be unique on strip 
mine spoil. 
MATERIALS AND METHODS 

On May 10, 1976, 40 newly establishe(l colonies 
of honey bees (Apis mellifera L.) were placed on 
reclaimed strip mine spoil on the Vouge Mine owned 
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by Peabody Coal Company in Muhlenberg County, 

Kentucky (37.20 N 87.30W). 
The plant (.over in this area seeded in 1974.was 

The following vegetative species were present when 

were located on the reclaimed area:the colonies 
while dutch clover,alfalfa, (Medicago saliva L.); 


(Frifolium repens L.); yellow sweetclover, (Melilotus 


officinalis); birdsfoot trefoil, (Lotus cornictlalusL.); 


red clover, (Trifolium pratense L.); sericea lespedeza, 

arun-
(Lespedeza cuneatia) and tall fescue, (.estuca 

dinacea Schreb). The following tree species were 


within 750 meters of the apiary: black locust, (Robin-


ia pseudoacacia);eastern cottonwood, (Popiulusdel-
(Liriodendron tu'lipifera);toides); yellow-poplar 


green ash, (Fr.xinuspennsylvanica); sweetgum, (Li-

autumn olive, (Elaeag-
quidainbarsty'raciflha) and 


many volhniteer wild-
nus unihellata). In addition, 
on ihe site. The spoil reactionflowers were observed 

5.11 to 6.0. Visual estim-of the area ranged from p1l 

cover ranged from
lion of the percentage of groun(I 


70V to 100;,,.
approximadtely 
The colonies were located in the middle of 769.50 

ha (1 900 acres) of reclai med spoil 	on a gentle slope 
was provided for

with a southeast aspect. No shade 
was available from a largethe (:oloies: water 

theIbee yard. Theim poundment about 75 m from 

mean p1-1 of the water was 7.5. The hives were 
which were brought to

mloointed oil r ihroal ties 
Ihe site. The vegetationl in front of the hive entraitces 

was kept (:1lippd. ]a clh colony was examined and 

at regular intervals to insure propermanipulated 
hive 'management. Cololy strength was variable due 

(itring shipment.to it high mortality rate 

RESULTS AND CONCLUSIONS om 13 of theRESULTS 
rot of hhloy wis renoveil ilnet9rate

1176. A total of 119. shallow,10 colo~nies onI nluly 17, 
super fra mes were remnoved which yielded 249.0 

kg of extracted lhoney. This represents an average 

of 19. 1 kg of honey produced per protluctive colony
per colony. loney

of 3.8 to 38.5 kg
a range 

that had a with 
was harvested only froin those hives 

surplus of honey (those that had full frames of sealed 

combl ill the first shallow su vr above the hrood 

chamer). All but two (of the remaining 27 colonies 

that were not harvested on Iuly 17, 1976, had 

filled their brood chambers with nectar,coimlpletely 
l)olh n and brood, and had started drawing out comb 

in the first shaIlow super. The two remaining hat(d 

only partially filled their brood cha mlters. 

DISCUSSIONLevel ofrodctendent 
Level of Productivity 

Strip mine spoil revegetated with a high percent-

age of nectar-producing plants has a high honey 

productivity potential. In 1975, the average produc-

tion per colony in the United States was 21.4 kg 

of honey (Honey Production, January 16, 1976). 

ANGEL AND CHRISTENSEN 

Honey production in this study was only 2.3 kg
 

less per productive hive than this figure. This yield
 
wasis significant for two reasons: (1) the honey 

be
removed at mid-season and much more can 


expected to he produced by the end of the summer,
 

and (2) colonies were newly established. The high
 
to a better sea

honey production can be attributed 
from the highsonal distribution of nectar flows 

of alfalfa anid yellow sweetclover onconcentrations 
spoil. On more acid spoil, thesethe revegetated 


not likely to be repeated.
findings are 
A better utilization of the honey-producing poten

tial of reclaimed strip mine spoil would have several 

side effects. Increased honey productionbeneficial 
another sourcewould provide more jobs and of 

many people. Naturally, commercialincome for 
could most efficiently tap this

honey producers 
resour:e because of their experience and more effi

cient equipment. However, the resource could also 

income source for amateur aind part-timeserve as an 
beekeepers, handicapped persons, anti for retirees 

who approach beekeeping as a hobby. 

Another obvious advaintage to managing honey 

bee colonies on strip mine spoil is plant pollination. 
the bees also pollinate the

While gathering nectar, 
flowers, thus increasing seed set. Where strip mine 

for grazing or for forage,vegetation is not utilized 
could result in a thickeningthis increased seed set 

of the stand and a more rapid achievement of the 
cover required by

percentage of vegetative ground 


reclamation laws.
 

TECHNIQUESHIVE MANAGEMENT 

part, honey bee (olony management
For the most 

on spoil material would parallel management tech

uidist urbed land. However, sev
niques utilized on 
eral unique situations may be encountered on strip 

nines which require four spe(:ial management tech

niques: security, shade, water, and crop management 

prai:tices that would maximize honey flow. 

Security 
U.nfortunately, security is a universal problem 

on large mine sites. To minimize vandalism or theft, 

the hives should be located in an area that is naturally 
view from access roads, waterhidden from 

impoundments, etc. Examples of good hiding places 
drains or behind swales, inwould be in natural 

tall grass, or in a grove of trees on the periphery 

of a mi ned area. Road access to the apiary should 
superin

be controlled by a strong gate. The mine 
should be advised of the hives and asked 

to keep an eye on them. 

Shade 

have to be built for the beeShade sources may 
since most spoil material has no sourcecolonies 

of shade. If the temperature inside the hive is over 

709 



HONEY PRODUCTION ON STRIP MINE SPOIL
 

34 C, the worker bees will spend their time collecting 
water and fanning the hive in order to cool it (Root, 
1974). A simple lath structure mounted on posts 
over the hives would suffice as a shade source. 

Water 
The apiay must be placed near a fresh, pure water 

source. Acid mine drainage which is frequently 
found on strip mine sites could prove detrimental 
to the colonies. If no suitable water source is present 
within one-half mile, it must be provided. It is best 
to provide water that does not stand in a container 
with a still surface but rather drips from a containr 
onto a sloping board or trough where it can be 
collected by the bees as it flows along (Dadant and 
Sois, 1975). 
Crop Management Practices 

Utilization of crop management practices that will 
extend the annual honey flow is needed to maximize 
honey production. These practices might include 
mowing reclainmed areas to promote regrowth of the 
grasses and legumes. Mowing would also shatter 
seed pods which would, in effect, result in reseeding. 

NECTAR-PRODUCING VEGETATION 

Currently, the authors estimate that each ha of 
reclaimed strip inine spoil will support two to four 
colonies of bees. When pollination is the only objec-
tive, more may be required depending upon the 
vegetation needing pollination. 

Alfalfa has become a very ilortant legume on 
less acid spoil materials. About four or five colonies 
per ,one-half ha are frequently used for this crop, 
although experiments show that much more seed 
can be produced if inure c:olonies are used. It is 
interesting to note that little nectar is produ(ced by 
alfalfa flowers in June or july on the first cutting: 
it is from the second and third cuttings. in late July, 
August. and early September, that the most ne(:tar 
is produced. Alfalfa honey is light in color and mild 
in flavor (Dadant and Sons, 1975). 

White, crimson, and alsike clovers are by far 
America's most important honey plants and are 
widely planted on spoil material. They start to flower 
sometime between mid or late June and continue 
to yield nectar through about the first of August. 
It is recommended that one to two colonies be used 
per one-half ha for red clover (depending on the 
number of bumblebees in the area) and on,,! to three 
colonies per one-half ha for the other clovers (Dadant 
and Sons, 1975). 

White and yellow sweetclover have also been 
seeced on spoil material, and bees are necessary 
for the pollination of both. Like the other clov rs, 
they flower in mid to late June and require one 
or more colonies per one-half ha (Dadant and Sons, 
1975). 

Only one colony per one-half ha has been recom
mended for perennial lespedeza hut no recommen
dations have been made for the use of insect pollina
tors on the annual types (Dadant and Sons, 1975). 

Both hairyvetch and crownvetch can benefit great
ly from honeybee pollination. Seed production is 
increased by using one colony per one-half ha 
(Dadant and Sonls, 1975). 

Buckwheat is frequently planted on spoil. It may 
be sown any time up to the first week of July and 
produces neclar usually in about six weeks. Ilowever, 
the flowers secrete nectar only in the morning, 
toward noon the flow lessens, and ceases entirely 
during the afternoon; but flow begins again vig
orously the next morning. Pure biuckwhea lhoney 
is coal black and coinmands a high pri:e. One colony 
per one-half ha is recommended (Dadant and Sons. 
1975). 

Black locust trees are known as the "King Tree 
Species" on spoil mat erial and are aIlso very inmpor
lint honey plants. The locust flowers occur in lense 
clusters in April, May, and early June, before the 
hives have had a chance to buil 111 ) to miaximum 
strength. The honey is water white, with a mil 

flavor. Some beekeepers have been known to place 
fresh supers in the hive just as iocust (:onie into 
bloom and remove theln at the end of Ihe flowering 
season (Root, 1974). 

The yellow poplar or tulip tree is ilso widely 
planted on spoil material. It bloons in late April. 
Mav, and early June. The honey obtained is bright 
amier when new but becomes redder and very thick 
with age (Lovell, 1974). 

Strip mining is an enormous industry in lheI nited 
States. Since many of the plants being use(d to 
stabilize reclaimed iands represent a potential nectar 
source, honey production could well become a new 
end-land use and anl important spinoff of coal pro
duction. 
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Use of a Mathematical Model to Evaluate the 
Hydrological Effects of Land-Use Change 
K. J. Langford and J. L. McGuinness 

Melbourne and Metropolitan Board of Works, Victoria, Australia, and USDA-ARS, Coshocton, Ohio, USA 

Watershed mianagers are intereste(d in the response 
ot streimfhow to lantl-tse change. This response 
could he an increase in strearnflow volumes, higher 
storin-flow peaks, or an increased proportion of 
stormlow to haseflow after the land-use chaige. In 
this paper, watershed response is defined as that 
component ofannual relanflow volume ittributable 
to) a lilnd-tise chianige. We ilre interested in hoth ihe 
niagnitutle and variation of watershed response. 

Douglass and Swank (1975) showed that the land-
use chlan ge. walershled trltmllnt, ind the iaspect of 

th' watershel(d caused significant vi'riation in water-
shed response. Lynch and Sopper (1970), 1lornbeck 
0 al. (1970). I libberl (1971). and Rich and Thompson 
(19741) showed that rainfall could also he an impor-
lant source of variation. In general, watershed re-
sponse is ilc(;lltlted by higher rainfall. 

The milgnitude of wiltershed response will deter-
mine he effectiveness of land ise itil option for 

supl)ly system. Ifincreasing Ihe yield of it water 
ihe l' tsose is considerably greater in wet years 
than in dry ones, larger reserrvoirs will be needed 
to regulate the responses, i.e.. to hold large responses 
in wel years for use in dry ones, ''lhe magnitude 
of watershed response toIl )itarticularland-use change 
is usually ey,luated using exprirneitli watersheds. 
Inability to control rainfall ill lhe firne of itphlmenlt-
ing lhe land-use chatge onl such watersheds (:an 
make interprelation of the results difficult. In this 

paper. we describe a technique for evailuating water-
shed respotse under a wide range of rainfall 
ainuttns. 

Te:chnique involves c;alibrating a malhematical 
mni hel o (lala from several vxperiimental watersheds 
with different land uses. The next slage is to look 
for likely sources of variation ill watershed responst. 

In the study presented here, rainfall before and after 
implementation of the land-use change, and the 
land-use changes themselves, were considered as 
the principal sources of variation in response. A 
factorial experiment was set up with three levels 
of antecedent and three levels of post-treatment 
rainfall so that five land use options could he 
compared under each of nine climatic sequences. 
The variation in watershed response attributed to 
rainfall and treatmnents was then studied. 

The technique relies ol the model's ability to 
describe the hydrologic cycle. Although lhe ability 
of the present generation of iodels to do this is 

debatable, watershed managers musti make decisions 
on the basis of the present levels of technology. 
Modeling, despite its shortcomings, is the best al
ternative available for ev-aluating watershed re

sponse. The technique of selecting sequences of 
climate with particular attributes and organizing 
theim in an ordered statistical experiment will be 
more widely used as Inathematical inodels of the 
hydrologic cycle improve. 

MODEL AND WATERSHED USED 
IN SIMULATION STUDY 

The mathemattical io(el of the hydrological cycle 
(devtope!d by the U.S. Department of Agricultture 
Ilydrograph Laboratory (lhollan t.t al., 1975) was 

used. Langford and McCuinness (1976) describe in 
detail the calibration and testing of the model on 

data from the North Appalachian Experimental Wa
tershed near Coshocton, Ohio. 

Watershed No. 172, the principal source of data, 
is described by larrold e itl. (1962). In 1938-39, 
pines were planted on 11.7 ha of badly eroded land 
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of Watershed 172 with 5.9 ha of residual hardwoods 
left undisturbed. Statistical studiesshowed that, after 
an initial decrease, streamflow stabilized. There are 
no time trends in streamflow between 1950and 1965. 
The eight years between 1950 and 1957 were used 
to calibrate the model, and tilt, 1958yeiirs betvween 
and '1965 to test it. Parameters for grass cover ire 
evaluated from measurements on a weighing lysime-
ter and an adjacent watershed. Watershed behavior 
using parameters for grass, pines, iI( hardwood 
forest are compared f()ra I6-yea'r p) '()dof recor.r 
Data describing watershed response it)forest coiivir-
sion given hy Swank and Domliss (1975) md 
Hibbert (1969) are used in the issessmeit of moe(l 
performa nce . 

Bedrock of Watershed No. 172 consists ot cyclic 
(leposits of sandstone., shale, limestone, coal, and 
clay of the Pennsylvarriar, system. Residual Muskin-
gul-Keere soils are well-dr~ji nd silt hbarlns. The 
highest and lowest points in the watershed are 39:1 
and 306 li. respecttivelv: slopes iverage 23 ;,.Pro-
cipitation averiages aAoll 1 )0 101111 yearly amd 
average minnual termprat ore is ibit 11 C 

RAINFALL SEQUENCES 
In setting 01) thet hlnd-tosi rndellit, erXl)etrilmentl 

from the :12-veir historio;.l rtcord, three measured 
periods of wet, averige, ind dr'v rainfll were selected 
to rel)pesent mltv;edi.it conlitioins. Iheste're corn-
inei with th."ee measuredl \vet, atveraLge, tillii, 

periods rep)resenting Ipost-trrtrient rainfiall to fo:, :o 

nine arlificial sequenc(es. [ible I shows the measured 
rainfall totals the antlcedent and 'ii'for three ii)it 
post-trealment siqiuence!s.
Mdy-Alpri] water veiirs o,t, ki tiriwhsi(. uit ()I 

lecause they divide nea)tly ioW Ntay-{tol:r grw\-
ing anu November-April dormant seasons. Sin,:' the 
USDA Hydro graph Laboratory ( ,D..\ IIl) model 
uses calendar years of data, model cailcu(lations over 

TABLE 1. Rainfall selected for antecedent and 
post-treatment periods 

Anheceden! Perimds Pet-rtr,nu I'riods 

Rainfall Rainftll 
Over the Two Ovir 

Rainfall Water Water Waler Water 

Level Years Years Years Years 

mm 	 mm 

Wet 	 1957-58 2037 1951-51 11560_ 

Average 	 1963-64 
1964-65 1627 1944-45 913 

Dry 	 1952-53 1484 1953-54 709 

1953-54 

a four-year period are used to generate the three 
water years of data used in the statistical analyses. 

The watershed condition as represented by the 
mixed hardwood and pine forest on Watershed No. 
172 during the 1950-57 calibration period is used 
as the standard for calculating streanmflow changes. 
Streamflow is computed using land-use parameters 
appropriate for this period under the nine climatic 
sequences. The calculations are then repeated, but 
with the land-use ),armeters changedI al the end 
of the antecedent period to reflect the synthetic 
land-use changes described below. Differences in 
streamflow during the post-treatment periods repre
sent the silulated watershed responses. 

LAND-USE OPTIONS 

Beside the iassumed range in rainfall amounts, five 
synthetic land-use options were used in designing 
tei statistical experiment. The following options 
were chosen to cover a range of practical alternatives 
for Wat(ershed No. 172. 

1. The whole watershed wasiSSumel to have a 

l(eep-roo(ted (L.8nl) griss cover. Crop lrmtiteters 
derived for the, bromegrass-alfalfa mixtur' in thelysimeter wire used. 

2. The w le waershed was- ssumed to hlrv 

shallow-rot grIss cover.Crop paraeters were 
the siat as ottion I, (xN:pt rooting depth was 0.46 Inl. 

3~3.The pi1 dr(s oI forest. comrprrising zos,2 
ian3 (ig. , were assurnuol to hlave hoo replaced 

hy dhep-rKohfl grass. The crop jrl1(/rs for 1hw 
lesrutel grass. The (mrd thgrass are the same as for- option 1. 

l-4. The pirlr iareis (zolles 2 d 3:iwere issuilled 
to hav( been replawed by pine s(edlings. The crop 
parameters derived fron the first yeijr of modeling 
of the 1940-49 reforeslaltion were used for zones 
2 aH 3. 

LOCation of 
*Recoring Rain gouge 

o 103 

Lj ?',gjt 


.. ror 

Figure 1. Zone map o Watershed No. 172. 
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ty for storing groundwater, and where carry-over 
was assumed to be converted5. The watershed one year to anotherof soil moisture deficits from 

to a recreational area. Crop parameters for the roads 
have 

and paved parking areas are selected so that infiltra- are important, antecedent conditions would 

of a greater influence.tion and evapotranspiration were zero. A total 
The effects of rainfall on watershed response are 

9%, of the watershed was assumed impervious. 
only for land-use option 1-conversiondiscussed 

of the mixed forest to deep-rooted grass over the
RESPONSE WITHVARIATION OF WATERSHED 

whole watershed. Trends in watershed response for 
RAINFALL options were similar.the other four management 

option I de
water year The simulated watershed response to 

Table 2 shows the post-treatment 
creased significantly as post-treatment rainfall d

model for the mixedstreamflows simulated by the 
creased and only slightly as antecedent rainfall 

and pine forest over the nine sequenceshardwood 
decreased. For example, for wet antecedent rainfall, 

of rainfall, as well as streamflow for the five land-use 
response decreased from 125 to 46 inn as the 

options. Streamflows from the mixed hardwood and the 


pine forest illustrate the effect of the antecedent and post-treatment rainfall decreased from wet to dry.
 

Table 3 shows that the relative simulated watershed
When the post-treatmentpost-treatment rainfall. 

response to land-use options is greater for dry than 
rainfall decreases from wet to dry after wet anteced-

rainfall when antecedentfor wet post-treatment
ent rainfall, the streamflow decreases markedly from 

490 to 103 mm. Antecedent rainfall had a discernible rainfall is average. 
Figure 2 shows the simulated evapotranspiration

much smaller effect. Simulated streamflow de-but 
to 482 mm as antecedent rainfall and interception for the mixed hardwood and pine 

creases from 490 
decreases from wet to dry under high post-treatment forest and deep-rooted grass over the May to October 

growing season under high, average, and low post
rainfall, 

The more important effect of post-treatment rain- treatment rainfall, i.e., gross rainfall minus canopy 
USDAHL model considered the 

fall, as compared witl antecedent rainfall, was interception. The 
by grass as small, and all 

is small with a relatively interception of rainfall
expected. The watershed is included with evapotransinterception for grass
low capacity for storing ground water, and the soil 

altered the model to subtract forest 
mantle usually reaches field capacity at the end (if piration. We 

so only net rainfall 
even during dry years. Carry- interception from gross rainfall,

the dormant season, 
is subject to infiltration. When calculating evapo

over of soil moisture deficits fiom one year to the 
the soit moisture depletion function

of Watershed No. transpiration,next is not an important feature 
of the model progressively decreases the evapotrans

172. rate as the soil dries. Under wet conditions,pirationAfter an initial inspection, antecedent rainfall 
nor the grass is limited for water,neither the forest

could have been neglected. However, it was included 
at or

the study and calculated evapotransp irat ion proceeds
in the analyses because one plurpose of 

near the potential rate. The difference in consump
was to develop a technique that can he applied toi 

tive use is essentially the interception difference. 
other watersheds. In watersheds with greater capaci-

(mm) for five
TABLE 2. Model-simulaied streamflow and responses to treatment 

management options under nine rainfall sequences 

8Synthetic "'riatments 

Mixed Option 5 
I Opion 2 ()ption 3 Option 4 

IlardwdI (piton 
Pilv to Pines Cti & Recreation 

lDel)-rmIIed Shaltow-rooilt& i11! 
Grass (;rass Rephited Use 

Rainfall Sequence Forest Grass 
Stream-Stream-Stream-Stream-Post- Srea inSlream-

flow Response flow Response
flow flow Response flow Response flow Response

Antecedenlt Ireatinen 

5211 38112 705 215
125 6139 1491 602490 615Wet Wet 285 20 

61 357 100 '127 70 427 170 
Average 257 :111 30158 133

40 195 92 1511 55 201 
Dry 103 149 39216 522
149 594 ill 699 
Wet 411.1 607 124 632

Average 171 277 28oil 420911 317
Average 249 13111 59 :147 

90 149 53 254 158 125 29 
Dry 96 14(1 44 1116 

520 38700 218
603 121 (1211 141 591 109 

Dry Wel 4112 2997 316 69 421 174 276 302,17 306( 59 344 255 101 124Average 12 11 146 52
94 1:34 40Dry 
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TABLE 3. Relative simulated watershed 
responses to land-use change for average 

antecedent rainfall 

Streamfhow 
lmer Mixed 

PosI-Ireat ment Iardwohd and Lani-use Options 
Rainfall Pine Forest 1 2 3 4 5 

mm 
81Wet 483 26 31 23 45 

Average 249 24 39 26 (s 11 
Dry 96 46 94 5t 166 :it 

-r :].ig..
500 _ -,,.. 

-quality 

.alternative$1 

j. 

771_ 7 

> 

o: 

L 

Cthe 

:.cr3", .agementC, & 

Figure 2. Effect of decreasing rainfall during the growing sea-
son. 

As rainfall decreases during the growing season, 
the difference between gross and net rainfall becomes 
more important. The soil moisture depletion function 
suppresses transpiration of the forest more than that 
of grass, because the grass receives more rain water 
and, consequently, soil moisture levels are higher. 
Under dry conditions, differences in water con-
sumption of different plant covers are stippressed, 
because supply of water to the plants is the limiting 
factor for all plant covers, 
ANALYSIS OF VARIANCE 

The hydrologic effects of the Iand-use options 
described earlier are examined by an analysis of 
variance. Total streamflow, surface runoff, subsur-
face runoff, evapotranspiration, and interception are 
all analyzed by this method. Langford and Mc-
Guinness (1976) describe the statistical methods and 
results in detail. 

Average annual water balances of the land uses 
are compared in Table 4. Clear cutting of the pine 
forest in zones 2 and 3 (Fig. 1) followed by erosion 

and planting of pine seedlings (option 4) shows the 
largest increase in average streanflow. Zones 2 and 
3 effectively represent the area on Watershed 172 
planted to pines in 1939 so that this treatment put 
the watershed back in the same condition as in 1940. 
It was the only land use that showed significantly 
lower evapotranspiration (excluding interception), 
which supports the conclusion that increased inter

ception of the growing pine forest is not sufficient 
to explain the ch;;nge in streamflow. Increased trans
piration is also i nportant. In addition, this land use 
is the only on( to show a significant intcrease in 
su"face run ff. These conclusions support the earlier 
woi I Harrold et al. (1962) who conclude that 
infiltration is increased after establishment of the 
pine forest, but that increased interception and 
transpiration reduce streamflow.The erosion and subsequent dettmioration in water 

rule out option 4 as a practical management 
for increasing streainflow. Option 2, 

complete removal of all the forest followed by plant
ing of shallow-rooted gras!;, and option 3. the removal 
of forest in zones 2 and :1(essentially all the pine 
forest) followed by establishment of a lthdep-rooted 

grass, show the next largest increases in average 
streamflow. Option '3has the advantatge of giving

watershedi a multi-purpose role, a residual hard

wood forest plus high quality pasture ilnd wiiter, 
and appears to be the best management alternative. 

The average increase in streamflow isnot the only 
criterion which should be used f(oT cornlaring man

options. The dry period flow is also impor

tant. Table 3 shows thal option 2 increases annual 
flows in iadry year bV 941, whereas option 3 
increases flow by 56",,, under Ihe same conditions. 

Increases in dry period flows are at better indicalion 
of benefits to a water supply system. If water yield 
has a higher priority tt'an productivity of the land, 
then shallow-rooted grass is a via ble alternative. 
providing it is capable of preventing erosion. 

DISCUSSION AND CONCLUSIONS 
The hydrologic cycle of hil!y terrain is judged 

to be sensitive to land-use change on the basis of 
hydrologic model simulations. Managers of such 
land should, therefore, be aware of implications of 
any change in land use. In this simulation study, 
wate.rshed responses to five assumed land-use Op
tions are comnpared unler nine rainfall sequences. 
Individual components of water balance are analyzed 
separately an(l significant differences among options 
are found in simulated average annual streamflow, 
surface runoff, and evapotranspirat ion. Benefits in 
terms of increased streamflow and the significance 
of these increases are evaluated in the modeling 
so that rational management decisions can be made. 

The variation in watershed response is also impor
tant. Theabsolute watershed response decreases with 
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TABLE 4. Effect of land-use on average annual water balance components, (mm) 

Watershed Evapo-
Cover and( transpiration 

Option Synthetic (Including Subsurface Surface 

No. Treatments Interception) Interception Streamfow Flow Runoff 

Check Mixed hardwood and pine forest (original 647 a 113 a 278 a 262 a 15 a 

c(ldition) 
1 Whole watershed planted to deep-rooted 573 ab - b 353 bc 337 bc 16 a 

grass 
2 Whole watershed planted to shallow-rooted 536 hd - b 390 cd 369 c 21a 

grass 
:t Zones 2 and :t planted to deep-rooted grass 573 ab 25 c 356 be 339 bc 17 a 

4 Zones 2 and 3 allowed to erode and 464 d 52 d 461 d 357 bc 103 b 

replanted to pines 
310 ab 291 ab 19 a5 Recreational use 615 ab 104 a 

Means within a column followed by the same letter do not 

range test. 

(lecreasing rainfall; the relative responses are much 
greater under dry rainfall conditions. Both these 
factors are important in evaluating the potential 

benefits of vegetation manipulation to a water supply 
system. Dry period flows are a better indication than 
average flows of the reliable yield of a water supply 
system so that potential benefits are relatively greater 
than indicated by the average response. The simulat-

gained from installinged dfry period response f 31' 


a relatively small proportion of paved area (9, ,.) is 

particularly interesting. The larger responses in wet 

years from all land-use management options can be 

utilized if extra regulating storage is installed in 
ia water supply system. 

Tle comparison of several land-use options by 
matching climate sequences with partictular attri-
bu tes in an ordered statistical experiment denon-

strates the advantages of an approach using a mnodel 

suppo)rted by statistical methods. Further, mat he-
matical modeling of the whole hydrologic cycle 

d t 
provid(les a useful framework for quanFt tihIastsess- 5 

ment of tlhe many hydrri'(9h:" tirflIT'ations -t--(?a 

management decision, rather than aimore detailed 
consideration of only one aspect. Despite the limita-
lions of present models, they provide a most promis-
ing approach to the solution of land management 
prollems. 

ACKNOWLEDGMENTS 

We thank I1he Winston Churchill Memorial Trust 
of Australia, the Melbourne and Metropolitan Board 
of Works, and the USDA Ilydrograph Laboratory 
for their support and encouragement. The stinulat
ing discussions with the staffs (of the USDA Hydr-
graph Laboratory and the North Appalachi-ir Exper-
imental Watershed were much appreciated. We 
thank the reviewers of an earlier version of this 
manuscript for their comments and suggestions. 

differ significantly at the 5% level according to Duncan's multiple 
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DISCUSSION 

C. Sperow (West Virginia, USA). You didn't men
tion on your tall and short grasses, deep-rooted 
or shallow-rooted grasses, what the management on 
these were. Were they harvested or just allowed to 
grow? Also, did you measure sediment yields? 
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Langford. As far as I'm aware the grasses weren't Langford. The first sequence-we have measured 
harvested on the lysimeters. Both of them were sediment, yes, and it just about doubled under that 
fertilized over a period of about ten years. I didn't clear cutting arrangement, but the sediment yields 
measure surface runoff of silt, but I bciieve the were very low in absolute terms anyway, extremely 
swards, both of them, had a fairly cerp, te ground low. Doubling something small isn't particularly 
covering, important, and, in fact, we found that most of our 

Sperow. But I was speaking of your plots, sediment can be attributed to the roads rather than 
the clear cutting or the regeneration activities. 

126. 
Federal-State Cooperation Encourages Multiple-Use 
Management of Private Forestland in 
Northeastern United States 
R. F. Watt 
United States Department of Agriculture, Forest Service, State and Private Forestry, 
Upper Darby, Pennsylvania, USA 

Nearly all the papers presented at this Symposium 
have been concernefd with production of agricultural 
crops on hill lands. Forestry has scarcely been 
mentioned, except as an impediment to conversion 
of hill land to pasture aid food production. This 
is understandable in view of the increasing popula- 
lion of the world, particularly in the developing 
nations where hill lands represent the only consider-
able area for agricultural expansion. 

In the United States. however, our farm and forest 
lands are relatively stable, although in recent years 
considerable acreages have been cleared of forests 
in the South for row crops in the Mississippi Valley 
lowlands and for pasture on the hilly uplands. In 
other major geographical sections, forestland has 
increased somewhat, especially in the North Central 
and Northeastern regions through continued but 
slowing abandonment of marginal farms. 

I will give a brief outline of the size and character 
of our northeastern forests and the demographic, 
economic, and physical conditions under which they 
are growing, describe the organization of the federal 
forestry effort in encouraging multipe use of forest 
lands, and outline some of the methods of accom-
plishing this goal. 

AREA CHARACTERISTICS 
This area is bordered on the south by a line running 

west from the Atlantic Coast through Washington, 
D.C., to West Virginia, on the east by the Atlantic 

Ocean, and on the north by Lakes Erie and Ontario 
anti the Canadian border. The institutional arrange
ments for delivering federal forestry assistance in 
the 12 states in this area are essentially similar to 
those in the other 38 states. 

This area ('T'able 1)includes some of ouir most 
populous states-New York, Massachusetts, Penn
sylvania and Maryland. These 12 stales, covering 
5% of the nation's land, support 51 million people, 
about one-fourth of the total U .S. populaliotn. Such 
great seaboard cities as New York, Bloston, Provi
dence, Philadelphia and Washington, as well as 
important inland ones such as Bulf,alo, Pittsburgh, 
Rochester: Springfield, Albany anti Syracuse are 
centers of comimerce and finance, light and heavy 
industry, education, transportation and government. 

Yet, despite this concentration of humnan activity, 
68% of the land is covered with forests, the highest 
proportion of any major U.S. land area. At the lime 
of settlement, the forest had to be laboriously cleared 
for est iblishment of farms, but forests ilso provided 
an important resource for local use a;n( export trade 
with Europe. The inany species of the hardwood 
and coniferous trees provided fuel, huilding materi
als for dwellings, factories, furnilure, tools, ships 
and vehicles, as well as nuts, fruits and acorns for 
human beings and domestic animals. 

At the peak of farming activity inthe mid 16t06's, 
as much as 80% (if the land area of the New England 
states had been ch.ared for farms: but, with the 
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TABLE 1. Population, land area, and forestry statistics for 12 northeastern states 

Private 	 T ,al 

Total . Forest Area Nonindustrial Forest Wood 
All Land Total All Forest I larvestState Popihition" Area Total 

' 
% ha 10:' ( cm 10 :

Millions ha 10:' ha 10:' 

241Connecticut 3.0t 1261 885 70 814 92 

.55 513 158 31 142 96 337Delaware 

.99 8012 7183 90 3369 47 11574Maine 
3,92 2577 1198 46 1049 87 2141Maryland 
5.69 2029 1424 70 1 146 80 896Massachusetts 

.74 2339 2077 89 1429 69 1713New ltanipshire 
348New Jersy 7.17 1951 997 51 848 	 85 

71 3254New York 18.33 12398 7032 57 5024 

lenlnsylvania 11.79 11011 7210 62 5448 75 6564
 

.95 272 175 64 163 93 68
Rhode Island 

.44 2402 1 777 74 1 327 75 1 444Vernont 
1.74 0 237 4926 79 4255 86 4395West Virginia 

25014 	 32965'Total 51.34 51602 35048 	 68 71 

"lI.S.Census Bureau, 1971. 
U.S. Forest Service, 1973, for this and other columns. 

openii)g of the more fertile, easily farmed level lands throughout the year. Severe droughts and extensive 
the hills were forest fires are uncommon.of the Midwest, the poorer farms on 

Because the northeastern forests are so accessibleahaidoned and reverted naturally to forest. 
Thus, by 1970, the more mountainous andi less to great population anti industrial centers, they have 

favorahly situated states such as Maine, New tlamp- a high potential for multiple use. The major outdoor 

shire, Vermont, Connetticut and West Virginia were recreational areas inclhdte the Pocono Mountains of 

70 to 9(";, forested (Tahle 1). Althotilgh frmn than- Pennsylvania, the Catskill and Adirondack moun-
New York, the White, Green and Berkshiredonment ctontinties, spreading of residential, recrea-	 tains of 

tional, and industrial activities olit of the population mountains of New England, and the Allegheny 

centers has in parl offset retutrn of firmltiand to f'orest, mountains of West Virginia, Maryland and Pennsyl-

The forest types of this extensive area. which has vania-all hill%, to mountainous heavily wooded 
(37 Io 45' N) areas. A large army of bird and (leer hunters invadea ltitudinal widlh of eight degrees 

in the fall. Winter sports areas are found atand elevational changes from sea level to 1900 ill, them 

are varied. They range from soalhern iines in Dela- the higher elevations and in northerly areas. Their 
scenic beauty, lakes, andl cool climates attract sumware ant Maryland to red spruce and bIalsam firs in 

norlhern New York anid New England, from the mer vacationers. These wooded areas are also water

ia k-hickory forests of the iowkr elevations and sheds where domestic and industrial water supplies 

southern sectors to the northlern hardwood types originate. 
of sugar maple, yellow hirch and beech. These forests, because of past abuse through fire 

More than 30 species are commercially important, and mismanagement, are producing well below their 

including fine hardwoods for furniture and panel-	 potential. This is well documented for wood produc
tion, because many of the highly defective youngling: lower valued hardwoods anl pine, spruce and 

fir for pulpwood: and other species for construction Irees vill never produce quality products. Much land 

lumber. The harvest of wood in 197(0 (Table 1) was can be improved for wildlife habitat hy proven 

at 3" million cubic tn, considerahl y less techniques of vegetation manipulation. Foresters areestimated 
learning more about the esthetic and recreationalthan the growth. 
appeal of the forest-what people wish to see andAlthough these forests are growing on hilly lands, 

rocky soils of relatively (o in the forest environment. Eventually we vill ma ny of which have thin 
low fertility, tl; ey are well adapled to these (:ondi- utnlerstand what constitutes an attractive forest 

lions and are generally prottuctive. Much is known landscape for different segments of the using public 

about their management. Precipitation is adequate, and will direct our efforts tovarcs providing these 

ranging from 900 to '1200 mm, well(distributed different landscape types. 
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OWNERSHIP PATTERNS 
Unforltu ntely, the pattern of land ownership and 

the motive of tl'e ,,.'nerS make application of nul-
tiple-use managem.a.t complicated and difficult to 
attain on many properties. Although there are four 
National Forests, a number of slate-owned forests, 
parks anid game-managenent areas, only- ti,,;. otf the 
forest is in public ownership. Except for sone large 
areas controllvd by paper (omlnies inl northern 
Maine. the wood-tising induistries art, not importt 
owners of forest land. Neatrly 70"' of the forest Lind 
is owned by nonintustrial private ownvrs. Because 
these owners have an overwhelning influenct on 
the management of forests. they have been the subject 
of numerous surveys and questionnairvs designed 
to probe their past use of their land and future 
intentions for using it. Three recently pulished 
studies on New Jersey, Delaiware aid southern New 
England (Kingsley. 1975: Kingslvy and Finley. 1975: 
and Kingsley, 1976) have shown the sune generiIl 
trends in ownership chnges and reasons for owner-
ship. 

Much forest land formerly associated with itr,ns 
and other rural owners has moved into the control 
of urban and suburbin people, mostly l)rofessional, 
managerial and skilled ptoph. These new owners, 
unlike their former farm owners, do not look upon 
their holdings as a souce of fuelwood and building, 
material, or for conmercial sale of timber to produce 
income. Although mail\ say that they would not 
be averse to selling timber-provied such sales 
would not harm the recreation, wildlife, amenly 
or speculative values that induet;d them to pluriasO 
the land-they have no prising need to ot::Jn cash 
income from the land. 

New Jersey owners are an exception. A recent tax 
change gives a very large tax rnl iction to those 
owners who obtain an annual income from their 
land. Because land taxes are increasing so rapidly, 
many owners have siddenly turned to foresters to 
guide them into commercial timber produoction. 

Complicating the problem of encouraging multi-
ple-use management is the short period of owner-
ship. Nonindustrial forest properties change hands 
about every 15 years. Most owners are reluctant to 
invest money andi effort in their forest when the 
benefits may accrue to the next landowner. Ev-en 
those who take a long-term view of management 
of their forests are haunted by the thought that 
subsequent owners may destroy the economic and 
social values that they have created during their 
ownership. The average owner is about 50 years 
old, so he cannot expect to benefit personally from 
investments in forestry practices that will return 
income in the distant future. 

To further expand the background in which the 
private forest exists, national and world-wide pre-
dictions of use and supply of forest products high-

light growing relative scarcity as a result of increi s
ing polulation, higher standards of living, su bslilu
tion of wood-derived chemicals for petrochelmicals, 
greater use of wood for fuel, and world-vide transfer 
of forestland to nontilber uses. 

Foresters, wildlife biologists and other land-nan
agement specialists have the knowledge and tech
niques to increase the contributions tai our foests 
can Ilna.e to our regional welfare. but have llt 
formidabi;' task of transmitting this knowledge to 
two millioi. private l(Lndownersanid iniotivat lil hl I 
to act upon it. This is ie. prolem' thait is being 
attacked through fderal .md stai, cooperative fil
estry programs. 

ORGANIZATION OF FEDERAL PROGRAMS 
The Forest Servici, large:st ,igency in the 1'.5. 

Departenlet of Agrictilture, has tli pirilary resPlrn
sibility for r mo:hing tl priviit forestalnd owner, 
lthough tile Soil (onservation Service and til' 

Federal Extension Service alsort, active in this work. 
The Forest Service has three brirn:hvs. 'rhe Re

search Branch develops lter ithbotls of groving, 
protecting and nanaing Al the resoirces of the 
forests and associated rang lands plus promnoting 
the mannfacture anti use of forest prodircts. 

The National Forest System mannages 80 mill ion 
ha of national forests in 42 states for timrer prodti
tion, recreation hunting cmd fishing, grazing, wil
derness recreation and wavtesheds. (Thiesv are often 
confused with national parks, stich as Yelhowstor. 
and Glacier. which are under the jurisdictior of the 
Department of Interior. Logging is not irmitte(d in 
the national parks). 

The State and Private Forestry Branch adninislers 
the federal programs directed toward the private
landowner as well as nonfederal public oiwnership. 
Federal funds andi technical assistance are )ro.vided 
to the state foresters for fire control, suppression 
of disease and insect outbreaks, productinr of tree 
seedlings for reforestation and (n-the-ground pro
fessiona;! forestry advice to landowners. 

'hi, professional advice to the landowner reaches 
to the heart of our forestry problems in the Northeast. 
Unlike many countries that have strict controls over 
what an owner may do with this forest, we have 
no such public control. An owner may neglec or 
abuse his property, may completely remove the forest 
and convert it to a pasture, a housing development, 
or an industrial site. The United States has no 
mechanism for forcing the owner to rr,,nage his firest 
as a valuable long-term national resource. 

Gentle persuasion an(] education in the long-term 
value of land stewardship are the principal tools 
used to move the private landowner toward good 
forestland management. The owner must be con
vinced that land management, which often results 
in cutting of some trees, will be beneficial to the 
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future value of the resource, if not immediately to 
him. Despite these serious obstacles to good multip-
le-use management of private forestland, the federal- 
state cooper."tive approach has had some success, 

Early in the history of forestry in this country, 
it was recognized that one of the high priority forestry 
problems was to reduce damage by forest fires. In 
192(1, the Clark-McNary Act was passed, which 
provided matching federal funds to the states for 
prevent ion and control of forest fires. Through public 
e(ducation, plus enforcement of laws against setting 
fires, the number of man-caused fires has been 
red uce(l drastically. Those fires that start are now 
controlled hy the efficient state fire-control organiza-
tions that have been stimulated by federal matching 
funIds. These funds will exceed $3 million this fiscal 
year. The public is now firmly convinced that forest 
fires are harmful, and people cooperate in preventing 
fires and reporting those that do start, 

Another very effective program was initiated in 
1950 with the passage by Congress of the Cooperative 
Forest Management Act. It supplies $900,000 of 
matching federal money to the 12 Northeastern states 
to hire foresters to give on-the-ground assistance 
to private landowners and l)rimary forest-products 
industries, such as logging and sawmilling. With 
the help of this seed money, the states have expanded 
their services to the landowner, so that state 
exlendituores greatly exceed the mandatory matching 
of the federal contribution. Several hundred foresters 
are now emploved in the land-management activities 
provided in this progran. Planned activities in the 
corning year for the 12 states include the preparation 
of managemen: plans for inore than 5,000 owners 
with 108000 ha of forest land, wildlife assistance 
to 838 owners with 5000 ha, and forest recreation 
assistance to 500 owners with another 5000 ha. 

The service forester, at the request of the landown-
er, will walk through the forest with the owner, 
determine his goals in land mhanagenient, and advise 
him how such goals may be reached. Frequently, 
the landowner does not realize the moltiple values 
of the forest, knows little of the mainagement options 
open to him and the nethods to he used to achieve 
these options. The minimum result of such a visit 
is a better understanding of the methods and results 
of forest managemenit applied to his property. If the 
property andi plans of the (,wner as developed in 
this discussiOn warrant it, the service forester will 
inventory the forest resource and provide a written 
management plan for the owner to follow, 

When this cooperative forest-managenient pro-
gram was starte(d in 1950, most requests came from 
farmers who wished to cut timber for sale or use 
on the farm. Frecuently, the farmer looked to the 
service forester for hell) iii marketing timber. Al-
though he might also look upon his forest for wildlife 
and recreational values, his primary interest was 
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often a cash sale or production of wood products 
for farm use. 

But, as mentioned above, the trend in forest own
ership has been away from the farmer and into the 
hands of professional, managerial and skilled 
workers. These owners seldom have purchased their 
land for the production of commercial wood prod
ucts, but many know in a vague sort of way that 
land-management techniques may enhance non
timber values. The service forester, formerly oriented 
strongly toward timber values, is now changing his 
thinking and advice to meet these newly emerging 
needs. The State and Private Forestry Branch is 
helping to train the service foresters so that they 
will be competent to supply help on management 
of the nontimber resource. 

The 1950 Cooperative Forest Management Act also 
stipulated that the Forest Service was to supply 
technical assistance to the various state foresters, 
as needed to help the service foresters keep abreast 
of the latest techniques in forest management as 
they are developed by the federal forest and range 
experiment stations, state agricultural experiment 
stations and schools of forestry. This training is 
important because the service forester is often work
ing in remote locations without access to forestry 
libraries, and lie may have iittle contact with the 
profession other than through his neighboring ser
vice foresters. He also has a large backlog of unful
filled requests for assistance, which puts a premium 
on prodtuction. 

Many in the State and Private Forestry Branch 
are former researchers; all wor, closely with research 
to transmit applied research results to the service 
forester as soon as they are developed. This is usually 
accomplished through training sessions in the field, 
where service foresters can be shown how to apply 
the results in their particular conditions. 

Because wildlife management is often associated 
with forestry schools and with departments of natural 
resources at the state level and because many forest
ers have a personal interest in hunting, most service 
foresters have knowledge of habitat manipulation 
to favor game species. But many landowners are 
asking for information about improving habitat for 
nongame species, particularly songbirds, as well as 
techniques to enhance recreational and esthetic 
qualities. 

In response to these new needs, the State and 
Private Branch in the Northeast is enlarging its 
expertise and training activities. The Branch now 
has a wildlife biologist devoting ft, ' 'ime to nongame 
and rare and endangered species problems. Work
shops have been held for loggers, landowners and 
service foresters on landscape-management tech
niques that will lessen the visual impact of timber 
harvesting. 

Each national forest has landscape architects who 
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review planned timber sales, road construction, and 
recreational developments to ensure that the forest 
disturbance will not destroy the natural beauty of 
the forest lan(scape. These experienced landscape 
architects help in training the service forester, who 
then uses this knowledge in his consultations with 
the landowner and logger. 

This fiscal year, Congress has appropriated half 
a million dollars for expansion of multiple-use assis-
tance. This is a small sum; but if it produces signifi-
cant results, it will be increased in the future. It 
can be used by the states for cost-sharing employment 
of wildlife biologists, landscape architects, recrea-
tion specialists, and range scientists to provide wider 
technical assistance to the service forester. The states 
have submitted proposals, and those that are most 
likely to meet pressing needs Ibe funded.,ill 


Through the years, a number of federal programs 
administered in conlunction with the state-employed 
service forester have provided direct financial pay-
ments to private landowners undertaking forestry 
practices that require immediate investment but have 
deferred returns. The largest current one is tle 
Forestrv Incentives Program. xxhich reimburses the~ 
owner up to 75% of the cost of approved activities. 

Most common in the Northeast is timber-improxe-
ment work, xwhich includes noncommercial thinning 
of young stands, killing of cull trees that xwill never 
provide merchantable wood and crop-tree release, 
These operations not only allow the remaining high-
quality trees to capture the growth potential of the 
site, but also open up the stand to stimulate growth 
of vildlife food plants on the forest floor. 

Other practices for which incentive payments are 
to increaseprovided are planting of trees, pruning 

the production of clear wood, fencing harmful do-
mestic livestock out of young stands, and construc-
lion of roads for access and fire control. In recent 
years, 14000 ha have been treated annually with 
the assistance of the Forestry Incentive Program. 
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DISCUSSION 

Unidentified. What isthe situation with respect to 
holings of land between the federal government, 
state and private ownership? Isther any transition 
being made these days or is that fixed? 
vVatt. It's pretty well fixed. There's really not any 
great expansion in federal ownership. There's some 
money available in the water and land conservation 
fund to buy specific and rather small recreational 
areas but otherwise ownership is fairly well fixed. 
G. Zinn (West Virginia, USA). You mentioned at 
one point the fact that in the inited States we have 
very little in the way of land use and land manage
ment control that affecls the small private Ia)dower. 
Have you any thoughts that you'd care to share with 
us regarding the prospects for such control or the 
rationale for such (ontrol inthe long-term future? 
Watt. This has often bet-n a hot subject in forestry 
and feelings hav( fluct uated. There has been a 
tremendous amount of 1iscussion down through the 
%ears. I think the feeling the frofessidnjf 

ofIaayf ro t 
in general is to shy a xxay fromt ad vuca ting ext remlle 
controls on what an owner can do with his land.
Ithink we all appreciate that *'s an important natural 
resource and that long-term managelent. long-term 
consideration of the benefits is essential but we also 
have a very strong tradition in this country of letting 
the landowner do xwhat he wants. Noxw this is 
changing: I think in the last ten years it's probably 
c 
We've become mora interested inthe edl gicaol 
relatioships of Ianscaper eut were still deali ng 

r,'ith particular people xaho own this ia llwh are 

very firmly opposed to anybody telling them whatto do. I think there's going to be a continuing trendl
towards some sort of control. For example, Vermont 
has a rather strict law, Law 250, which puts very 
strong controls on some aspects of land management 
use ant(d these controls are mainly there for the 

preserva tion of the hlndscape the vay it was vhen 
the law was passed. It's designe(l to prevent rapildevelopment in the lIand; it's designed to prevent 

winter sports (evelopments at high elevations which 
in the past havxe ruined some very plretty areas in 
the state; it's designed to prevent rapid(expansion 
of what could be rural sllms ten years from nollV. 
So here's ii situation with the New Englander who 
traditionally is supposed to have ii pretty stiff back
bone, but he's agreeing to some controls on his land. 
I think Ihat we are going to see changes. 
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Multiple Use Management of West Virginia Hill Land
 
E. C. Bammel 
West Virginia University, Morgantown, West Virginia, USA 

This is a discussion of recreational use of hill 
lands in West Virginia. Some background must be 
established before dealing with the more specifically 
recreational issues. West Virginia publicly identifies 
itself as "The Mountain State," but the designation 
"I ill and Mountain State" might be more apt. 
Geographers divide the state into three regions: the 
western, Ohio Valley area, which is a relative flat-
land: the Allegheny Highlands, containing the cen-
tral mounlain ridges of the state; and the eastern, 
ridge and valley province, with its unusual trellis 
drainage system. Anyone who has travelled in West 
Virginia knows there is much steep hill land in each 
of the three geographic areas. The West Virginia 
Soiland Water Conserva tion Needs Inventory (1970) 
places 61% of all West Virginia land in Category
VII, definedias having soils with "severe limitations, 
making them unsuited for cultivation and restricting 
Iheir usage largely to grazing, woodland, or /il(]-
life." The same survey places only .5% of West 
Virginia's land in Category VIII, limiting usage to 
recreation, wildlife, water supply, or aesthetic 
purposes. 

West Virginia's land lends itself to many uses. 
West Virginia resembles hill Iand anywhere, while 
having a number of features guaranteeing its 
uniiueness. The McGraw-I till World Atlas indicates 
that West Virginia lies in the center of the world's 
largest hardwood forest. Between 1870 and 1920 
some 30 billion boardfeet (23.2 million in:') of lumber 
were removed from West Virginia. West Virginia 
also is in the center of the eastern coal mining 
industry, producing about 10% of the nation's coal 
annually. Some 80% of the state is forested w,'ith 
less than 20% being suitahle for agricultural 
purposes. This Hill and Mountain State has been 
relativelyslow to develop, having transportation and 
economic difficulties common to mountainous geo-
graphic areas. 

In recent years, West Virginia has sustained con-
siderable economic growth. Timber prices have in-
creased, the value and importance of coal has in-
creased greatly, wages for coal miners have improved 
considerably, there has been considerable develop-
ment in the:chemicnl industries centered in Charles-
ton and Huntington, new highways and superhigh-
ways have been built, residential development has 
expanded, and a great number of recreational enter-
prises have begun competing for the recreational 

monies of the inhabitants of the eastern seaboard 
and other more central population centers such as 
Cleveland, Detroit and Ciucinnati. 

In 1973, 851,%of the people visiting West Virginia 
came from either the North Central or the Middle 
Atlantic States, according to the Bureau of Business 
Research of West Virginia University. Of those visit
ingWest Virginia that year, 57% came to visit friends 
and relatives, while only 18% came for sightseeing 
and outdoor recreation. From additional research 
by the same bureau, it is expected that the tourist 
and recreational trade will increase sharply in the 
next decade. 

The purpose of this paper is to make this point: 
with all the emphasis on the resources of hill land, 
one should not overlook the non-consumptive recre
ational values of hill land. Almost any land can 
be used for some recreational purposes. An area 30 
cm square can support a bird bath; a little larger 
area can support a card or picnic table; at the other 
end of the spectrum, even huge strip mine areas 
in their unreclaimed state permit some hunting. But 
it may well he that only a limited number of recrea
tion developments of certain kinds is possible or 
profitable in a given area, because recreation "for 
the masses" can be overdeveloped, and indeed, lose 
essential elements of its recreational character. 

There is a tendency to assume that recreation 
means ski-lifts, hiking trails, camp grounds or 
amusement parks. But recreation means first of all 
the enlarging and ennobling and enriching of the 
human spirit. Aesthetic delight-the perception or 
awareness of beauty-is the soul of recreation. With 
respect to hill land, the aesthetic delight comes from 
the sight, the smell, the feel of the hills. Land in 
its undeveloped state may offer the very highest 
of recreational experiences, non-monetary as these 
may be. 

Having proposed the basic thesis, that hill land 
offers a wide variety of recreation usages, and having 
suggested the presenter's prejudice, that the non
consumptive forms of recreation deserve attention, 
respect, and encouragement, let us look at some of 
the recreational uses of hill land in West Virginia. 
The Core Arboretum on the Evansdale Campus of 
West Virginia University in Morgantown is an excel
lent example of an educational and relaxational use 
of land that would otherwise be difficult to develop. 
The pleasant walkways and comfortable resting areas 
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invite people to sit in the shade of the trees, or 
observe the many birds that visit this forest. The 
Arboretum is used as a teaching facility by several 
departments in the University, the Division of For-
estry finding it an especially convenient teaching 
laboratory. 

One of the world famous locations of West Virginia 
is Harper's Ferry. Robert Harper began running a 
ferry in 1747 at the juncture of the Potomac and 
Shenandoah rivers and not much later Thomas 
Jefferson called the view "worth a voyage across 
the Atlantic." This was said, one must remember, 
in the era of wooden sailing vessels long before 
the era of travel agency superlatives. In 1796, George 
Washington determined that the site should become 
the National Armory, and muskets and rifles were 
built there until the factories were destroyed in the 
Civil War. Raging rivers have inundated the town 
several times, and now the town would be desolate, 
if it had not been made a major tourist attraction. 
In spite of the view of Maryland and Virginia hills. 
the location is actually the lowest point in West 
Virginia, a mere 76 in above sea level. 

Harper's Ferry isthe only national historical park 
in West Virginia. but tle state boasts of three national 
forests, small sections of the Jefferson and Washing-
ton National Forests, and almost 360,000 ha in the 

Monongahela National Forest. 
The Monongahela National Forest lies in the Al-

legheny Highlands region and is composed of 
sparsely settled counties. Tucker and Pendleton, for 
example, each have a population of little more than 
7,000, Pocahontas County has 9,000, while Randolph 
County, at 25,000, has more citizens than the other 
three counties combined. Logging is the major in-
dustry in these counties, while tourism constitutes 
an important secondary source of revenue. In this 
national forest are three areas of considerable popu-
larity: Seneca Rocks, where technical climbing can 
be practiced; Dolly Sods, a relatively barren area 
where the problems of forest succession are most 
easily evident; and Otter Creek, a wilderness area 
of delicate and fragile beauty. 

West Virginia has established 35 state parks as 
well as 9 state forests. These parks and forests are, 
with only a few exceptions, exemplars of the use 
of hill land for recreational purposes. Hawk's Nest 
and Coopers Rock have scenic overlooks over vast 
gorges, but it would be difficult to walk a level 
kilometer in any of the state parks or forests. The 
parks are recreation areas of differing calibre, being 
day-use parks, historical or scenic areas, or family 
vacation resort parks. Canaan Valley is a large state-
run ski resort, while Tomlinson Run caters 
principally to day-use summer swimmers. The state 
operates the last of the logging railroads using Shay 
engines on one of the longest and narrowest state 

parks anywhere: 20 km long and 15 in wide. The 
"Cass Scenic Railway" offers spectacular views of 
the area and is especially popular in the fall, when 
the autumn leaves are superabounding in color and 
the weather is comfortable to slightly chilly. The 
20-km ride offers a change in elevation of 1t) m. 

Commercial recreation developments in West Vir
ginia have not met with outstanding success. The 
most notorious problem area is Snowshoe, an amii
tious attempt at developing a large ski resort in the 
southern Monongahela National Forest. But even 
small enterprises, such as amusenent parks, have 
not fared very well. West Virginia has been over
whelmingly rural, and, until recently, its inhabitants 
have been relatively poor. In America, wealth has 
always gone together with big cities, and it would 
take the total population of the six largest cities 
in the state to add tip to half a million people. In 
fact, the population of the entire state does not add 
up to the number of citizens of the city of Los 
Angeles! 

The financial conditions of West Virginians are 
improving considerably, and while urbanization is 
proceeding rapidly, the population is still predomi
nantly rural, and the recreation needs of rural people 
are much different from the recreational needs of 
urban inhabitants. Rural West Virginians do not need 

hill land areas especially set aside for their recreation, 
because they live on hill land, enjoy the scenic vistas, 
the relative solitude, the awareness of the change 
of seasons, and the pro)inquity of outdoor exercise. 
Depending on the location, the clientele of West 
Virginia hill land recreational developments may 
be as much as H0 % out-of-state people. Part of the 
justification of the state parks system lies in the 
fact that they bring in people from other states who 
then spend some money in West Virginia. Over 50' 
of what travelers spend is spent on transportation 
and meals. Pipestem, for example, called "the crown 
jewel of the state park system," is a vir!ual paradise 
of recreational facilities, with an outdoor pool, an 
indoor pool and sauna bath, a pavilion, stables, 
bicycles, tennis courts, golf courses, and indoor game 
room. The Park is but a few km from the Viiginia 
border, bringing in almost half a million out-of-state 
visitors a year. 

The West Virginia University Bureau of Business 
Research affirms that recreation has great growth 
potential, especially in the central regions of the 
state. The conjecture is that the usage of established 
recreation areas will increase at a 10%. annual rate 
for several years. Although the federal government 
has shown interest in building some "scenic high
ways," West Virginians of the Izaac Walton League 
and the Highlands Conservancy would prefer that 
more be (lone to preserve the beautiful areas of the 
state, rather than cncourage and facilitate greater 
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tourist use. The picture is one of slow and deliberate danger. No doubt some hills will be denuded of 

growth, rather than any form of Orlando-like, Dis- their forest cover, and some will give way to strip 

ney-world explosion, mines. But hopefully a majority of the hills of this 

West Virginia offers great opportunities for recrea- state will remain for the relatively nonconsumptive 

tional and aesthetic activities. As the resources of uses of recreation and aesthetic enjoyment. Such 

West Virginia are surveyed, the mountains must use may not always offer the greatest financial return,
 
themselves be accounted as a primary resource. As but, once the basic necessities of life have been taken
 

Hillary climbed Everest "because it was there," so care of, what else is the making of money for, if
 

too tourists and recreators will continue to come not for recreational and aesthetic concerns? For West
 

to West Virginia's hill lands just because and as Virginia's hills, we could do no better than wish
 

long as they are there. The recreational resources for such higher usages.
 
of West Virginia need to be planned forand managed,
 
but their appeal and intrinsic value are immense REFERENCES
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Dairy Beef Production in the Guatemalan Highlands
 
M. T. Cabezas and R. Bressani 

Institute of Nutrition of Central America and Panama, Guatemala 

Clearly, the situation in the Guatemalan highlandsGuatemala is located between 140 and 180 latitude 
and 880 and 920 longitude and has an area of 108 900 basically constitutes a social and economic problem 

kml2 . About 3'0% of this area is more than 1000 	 that requires political solutions, but the implementa

m above sea level with slopes of from 5 to 75%. lion of these policies will need new technology that 

from west to east through the can be applied under the ecological and socioeco-These highlands run 
middle part of the country and are inhabited by nomic conditions of the area. 
65% of the total population. Close to 96% of the 'This technology has to be characterized by rela

cultural practices, moderate use offarms located in this area have less than 22 ha each, tively modern 
but they occupy only 40%, of the land. Their main capital and physical inputs and high labor require

crop is corn (about 65% of the cultivated area) which ments. It has to be integrated also into production 

is produced for human consumption. Coffee, food systems that yield foods of vegetable and animal 

legumes, wheat, fruits and vegetables are also grown. origin. The development of a system with these 

Cattle and sheep grow on natural pasture supple- characteristics has been one of the objectives of the 

mented with corn stover and other low quality Division of Agricultural and Food Sciences of the In

forages during the dry season. Forage supple- stitute of Nutrition of Central America and Panama 

mentation with other feeds or nutrients is not a 	 (INCAP). The results obtained to date oin the produc
lion of beef from dairy calves applying this systemcommon practice. In general, these farms are ex-

ploited using traditional technology, that is, without are presented in this paper. 

modern cultural practices, a minimum of physical LOCATION OF FIELD TRIALS 
inputs and low labor requirements. It is not surpris
ing, therefore, that under the prevailing conditions, The studies were carried out at INCAP's Experi

crop and livestock productivities are very low; fur- mental Farm, located 40 km northeast of Guatemala 

thermore, this low productivity is highly correlated City, at an altitude of 1500 m above sea level; its 

with other signs of underdevelopment and poverty soil is classified as heavy loam. The annual rainfall 

such as poor education, had health and undernutri- and temperature of this region range from 940 to 
1500 mm, and from 10 to 20 C, respectively. Theselion. 
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characteristics are typical of the Guatemalan high-
lands, where corn is the main crop. The farm has 
a total area of 45 ha distributed as follows: 12 ha 
dedicated to the production of corn grain and stover, 
4 ha to the production of corn plant silage, 4 ha 
to that of black beans, and 4 ha for fruits and 
vegetables; 19 ha are covered by forest, and animal 
facilities and headquarters occupy the remaining 2 
ha. The slope varies from 5 to 15% in the area 
cultivated with crops and from 15 to 60% in the 
remaining arei. 

In addition to corrals and pens for dairy beef 
production, there are dso facilities for dairy cows, 
sheep, pigs and chickens. Ani m :, production is 
integrated with crop product io,, hus making maxi-
mum utilization of available rese''rces. 

FORAGE PRODUCTION 

Corn grain and black beans are harvested once 
a year. with average yields of 3330 and 1400 
kg/ha/year, respectively. In addition, the first crop
produces 9 100 kg of air-dried corn stover,/ha /year. 
a forage that comprises all the stalks, leaves, flowers, 
and husks that remain in the field after harvesting 
the grain. Yields of corn grain and black beans are 
6 to 8 times greater than in surrounding farms. The 
corn plant grown for silage is harvested twice a 
year before the grain is in the milky stage. prod ucing 
65000 kg of silage/ha/year. Trench silos are used 
for this purpose, and to improve silage quality, 5% 
of sugarcane molasses is added at the time of ensiling. 

Coffee pulp, a by-product of the coffee-processing 
industry, is abundant in the area. This material is 
used when needed, either as silage or dry, as a 
substitute for corn stover and (orn silage. 

GENERAL CHARACTERISTICS OF THE DAIRY 
BEEF PRODUCTION SYSTEM 

Male Holstein calves are available from dairy farms 
located in the same region. These calves have a 
higher genetic potential for beef production than 
native animals, but they are sacrificed at birth be-
cause dairy beef production is uneconomical when 
traditional feeding systems are employed. Therefore, 
our studies were conducted to develop an economic 
dairy beef production system that could be applied 
on small farms of the Guatemalan highlands. 

The calves went through the following growing 
and finishing stages: Artificial rearing of calves, from 
one week to four months of age: development of 
calves, from four to twelve months of age; and 
finishing of steers, from twelve to eighteen months, 
at which age they were sold for slaughter, weighing 
400 to 440 kg. 

During these three stages, the animals were kept 
in corrals or pens of very simple design, and fed 
the minimum possible amounts of milk and concen-
trates and a maximum of forages. 

Artificial Rearing 
After receiving enough colostrum (luring their first 

week of life, calves were housed in stables and kept 
in small individual corrals maintained under strict 
hygienic conditions. As a result, mortality rate dur
ing this stage has been less than 10%. 

The feeding plan used at this stage is presenled 
in Table 1. Calves were fed a total of -1611 1 of milk 

TABLE 1. Feeding plan for artificial rearing of 
dairy calves 

I).nly Feeding 
. . ...... .... ;

Wh0h Gound 
W~hol MtNIilk Corn 'I over + 

Weeks' I.. Starter 201% Momoisses 

1 2 Aditim 

3 4 
4 4 
5 3 
6 3 
7 3 
8 2 

Weaning Ad libituin 

Up to a 
maxiinum 

of 
3kg/day 

17 t 

*After one week of age. 
-Offered twice aday. 

during the first eight weeks. Beginning the first week 
they received a ground starter concentrate that con
tained 16% crude protein and 2.7 Mcal/kg digestible 
energy (Table 2). The main ingredients of this con
centrate are produced locally and consequently Ihe 
cost of the concentrate is about half as much as 
that of the commerciLl starters available in the 
market. The starter was fed ad libitum up to three 
months of age and then limited to .3 kg/head/day. 
An average of 232 kg of concentrate was consumed 
by the animals during this stage. After weaning, 
calves were transferred to open corrals with a shaded 
area, concrete-slatted floors and common feed bunks, 
and fed ad libiturn a mixture of 80% ground corn 
stover and 20% sugarcane molasses. The average 
total consumption of this forage was 70 kg. 

The results obtained with the feeding system 
detailed above are presented in Table 3. Animals 
gained from 0.45 to 0.55 kg/day before weaning, 
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TABLE 2. Composition and nutrient content 

of calf starter 


Ingredietts 	 % 

26.0Cottolsvtd mal 
25.2Wheat tran 
16.0Sugar:ane Iolasses 

Gromd corn stover 211.0 
B]one Ineal 2.1 
Calcium carhcnae 1.5 
Salt 0.5 
Trace minerals t. vitamins' 0.2 

0.5Aimrofa 1-lO " 

Total 	 100.0 

Nutrient conitent Nutrient__ontent 

Crude protein, 'x, 16.4 

Crude fiber, ",4. 12.5 

Digestille energy, Mil / kg 	 2.7 

"Premix containing the following vitamins per pound: A, 


1,.20.0(0 II: D, 200.000 IU; E. 1.000 IlU; thiamine, 100 mg; 

it,, 40 itg: rihoflavin, 150 iug; nicotinamide, 400 rg; pantothenic 


acid. 2(1o mg; cholion chloride, 10.((00 rg; 13, ng, 1.0. The 


p remix aIso contained the following minerals: Ca. 2.2%: P, 1.11%; 


Mu. 1.1% Mg, 2.0%; Zn, 2,2%; Fe, 1.3": Co, .176%: , ( 66%, 


C11,,
.015 %. 
S° An i nlibillc; sumplrelut sour:e iunrchased from Ameri:an 

Cy'anari.id andl supplying 1(0g chlortetracycline. 

TABLE 3. Average calf performance during 
artificial rearing 

Weeks of Age 

2-9 2-17 

Initial weight, kg 	 35.0 35.0
105.0Final weoight, kg H a egt g0. 133.01 51Total 

0.5 0.6
Daily weight gain. kg 

l)DIly dry matter intake, kg 	 1.4 2.6 

Kg dry matter/kg weight giin 2.81 4.3 

and from 0.7 to 0.8 kg/day after weaning. Average 
diaily gain for the whole artificial rearing period" 

matter intakeranged from 0.60 to 0.68 	 kg. Dry 
rapidly after weaning, reaching pil(reased very 

to 4.5% hody weight when calves were four months 
of age. This level of intake is higher than that 

observed with low-fiber, high-grain concentrates in 

stulies reported by other workers (Roy, 1970). 
m a150000 

Development and Finishing 
l)uring the developing and finishing stages the 

animals were fed forage ad libiluin and supple-

inented with small quantities of concentrates. When 

calves were four to twelve months of age they 
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received a mixture of 80% chopped corn stover and 
20% sugarcane molasses, anti from the age of twelve 
to eighteen months, they were fed corn silage. The 
forages used had a low crude protein content (Table 
4), therefore, they were supplemented with high 

protein concentrates (Table 5). These concentrates 

were prepared with the same ingredients used for 

the calf starter. The corn stover-molasses mixture 
was supplemented with 2 to 3 kg of supplement 
A/head/day during the development stage, while 
corn silage was supplemented with 3 to 4 kg/of 
supplement B/head/day during the finishing stage. 

TABLE 4. Chemical composition of forages for 
developing and finishing of steers 

Corn Stover Corn Silage 

Components As Fed As Fed Air-dry 

% 

Dry matter 90.0 25.0 90.0
 

Ether extract 1.6 0.7 2.5
 
Crude protein 4.5 1.5 5.4 

Ash 5.4 2.4 8.6
 
Crude fiber 37.0 7.1 25.7
 
Nitrogen-free extract 41.5 13.3 47.8 

TABLE 5. Composition and nutrient content of 

concentrates used as forage supplements 

Supplement 13Ingredients (%) Supplhnent 	:\ 

Cottonseetd meal 	 56.0 4(1.0
 

- 16.0
Wheat bran 

Sugarcane molasses 211.0 21.0
 

19.0Ground corn stover 19.0 

Mineral mix" 4.0 
 4.0 

100.0 100.00.
Totl _00._1 

Nutriont content 

5.0 20.0Crude protein, % 
Digestible energy,
 

Migsal/kg 2.8 2.
 

18%;: 1,G009%; Fe, 0.2%;'Contained: Ca, 2:3',; 1, 12%: NaC, 
C. 0.01%; Co. (.11%; Mn, 0.006%; Zn, 0.01%. 

Animals had free access to mineralized salt and 

water all the time. They were dewormed periodically 
and received intramuscular doses of 1000000, 

and 100 IU per month of 	vitamins A, D 
and E,respectihely. Under these conditions, mortali

ty rate is less then 3% luring the development and 

finishing stages. 
As the data in Table 6 indicate, animal performance 

with the feeding system outlined has been satisfac
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TABLE 6. Average performance of calves and 
steers during the developing and finishing stages 

Development Finishing 
(it ino.) 6 nio.) 

Corti Stom r + Corn Silage 
Molasses f 2 -t 3 -- 4 kg/ 
- :3kg/day of day of 
SuppleentA Supplement It 

Body weight, I.g 
Initial 100-110 260-280 
Final 260-280 400-440 

Daily gain 0.6-0.8 0.8-1.0 


Forage intake, 

its fed 

kg /da' 4.0-5.0 :32.0--38.0 
% hody weight 2.1-2.5 9.0-11.0 

Forage dry 

matter intake
kg da7'3.4-4.3 8.0-9.5body weight 1.8-2.3 2.3-2.7 

Totl dry 

,hatter intalke 


kg /da 5.1-6.9 10.6-13.0 

% hody w.iht 2.6-3.5 3.0-3.7 


Kg dry matter/ 

kg weight gain 8.5-10.0 12.5-14.0 


tory. Average daily gains ranged from 0.6 to 0.8 
kg in the development stage, and from 0.8 to 1.0 
kg in the finishing stage. At this rate of gain the 
steers reach the required final weight at 18 months 
of age. Average dry matter intake, as percent of body 
weight, was 2.2 for the corn stover-molasses mixture 
and 2.5 for the corn silage. Digestibility trials con-
ducted with steers have shown that dry matter and 
protein digestibilities of the corn stover and corn 
silage rations are 58, 60, 56 and 60%, respectively. 

The data reveal that supplemented corn stover 
and corn silage can produce adequate animal per-
formance in a semi-intensive system for dairy beef 
production. Table 7 shows the animal production 
per ha that can be obtained with this system. As 
observed, the number of animals that can be fed 
with the forage produced in one ha, and the live 
weight gains that they can reach with this forage 
when supplemented with small amounts of concen-
trates, are considerably higher than in most cattle 
production systems used in Latin America (Cabal-
lero, 1971; De Alba, 1971). 

ECONOMIC STUDIES 

The feeding trials conducted at INCAP's Experi-
mental Farm have shown that with adequate man-
agement and feeding techniques, the biological effi-
ciency of livestock production in the Guatemalan 
highlands can be improved considerably. Applica-

TABLE 7. Annual production of forage and 
animals 

Stages 
IS1.vhqpnv t, Finishing, 

(orn Stover + (orti Silig, 
Supplirnnl Supplenwnt 

Forage prin.

lion/'kg/ha, Veair 0 100 f 5(0(0(0
 
tninal units
 

fed / ha / year 
(carrying capa:cily) 6 5 

Numtr of niimals 
prod need / ha / yar' 9 10 

Live w, ighi 
gains/kg/ hi v.ir 1550 1(650 

Eight months for hiv,.hlonp ent adt six miontlhs for finishing. 

lion of this technlohgy by the farmers will req uire 

not only hiological but also e(:onomi: efficiency. 
Therefore, a study was c()ndut:ted to determine the 
e(onomi: feasihility of the dairy beef production 
system desi:rib,,I tdive whlli applied on a farm 
with an area of 20 flit. This is considered the mini
morn farming area f)t produtive ,grit:olture in that 
particular region of Gatenali. 

It was assumed that the ecological conditions and 
the production lev(l of corn grain and forage were 
the same as those )re\ailing at INCAP's Experimen
tal Farm, that the farmer owned the land. and that 
this was his only source of income. It also was 
assumed that the farmer had access to credit and 
technical assistan:e so that he couId apply the 
needed technology vithuul restric:tions. The study 
w%,as lesigned for a nine-year period. Out of the 2(0 
hi. 9 were assigned to corn grain anti stover pro)dut:
lion, 9 to corn silage production, and 2 to animal 
housing facilities and the family's living quarters. 
Tabe 8 presents a summary of the economics of 
the project and reveals a 1W, (:apital return over 
investment. This is good enough to encourage a more 
efficient livestock production in the (;uatemalan 
highlands. Field trials are now being planned to 
determine the biological an( economic efficiency 
of the system described in this paper when applie:d 
in several parts of the country. 

TABLE 8. Summary of the economic analysis 
of the model 20-hectare farm 

for a nine-year period 

Average annual sales (caltle and corn grain) $15,i28.0) 
Average annual costs 11.11011o 
AveragE: annual profits 2.4117.001 
Iroufits over sales 1.0) 
Profits over investment 10.0, 
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Logically, results will vary according to the condi-
tions an(d resources available in those particular 
areas, and the technical capacity of the people in 
charge. In any case, partial or total application of 
a system such as the one described herein would 
cert ,inly contribute to increased land productivity 
and human well-being in the Guatemalan highlands, 
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DISCUSSION 


K. O'Connor (New Zealand). In illustrating your 
neighborhood farm where the crop was very poor, 
you said that it was difficult to have this farmer 
improve his methods. From reading the approach 
that you took of identifying first the social and 
political problems and so on down to establishing 
the nee(d for technical levelopment appropriate to 
this sitt,,,tion, I found no disagreement with that 
approach and the )rinciples. But 1wonder if you 
could tell us what the farmer across the way saw 
about the system that he did not want to adopt? 

CABEZAS AND BRESSANI
 

Cabezas. I think that it is not that they don't want 
to adopt it. It's that they cannot adopt it because 
they don't have access to economic and technical 
assistance. We, as an institution, cannot give that 
assistance and these people live in that area just 
for part of the year and they migrate toward the 
lowlands for work during the rainy season and the 
crop season. So I believe that it is not that they 
don't want to adopt it, it's just that they can't. Their 
condition doesn't allow them to do that. They don't
have the facilities, they don't have the economic 
assistance, especially. Even if they work in our farms, 
because some of them work our farms and they know 
these things work, but when they come back to their 
farms they do not try it. I believe that has to do 
with, not only education, but with the whole social 

and economic problem. 
O'Connor. Therefore, I find it difficult to understand 
why you want to do the field evaluation of this 
system.
Cabezas. We are doing the field evaluations together 
with a program of the government since they already 
made a political decision to distribute some land. 
We are not doing it with the regular farmer that 
has one or two ha but there is a program, agrarian 
reform is going on, in sections of Guatemala and 
San Salvador and there we are working with them. 
But under those conditions I feel that we iave a 
chance to succeed. But if the government doesn't 
accept the political decision, I think that all we can 
do is wait and develop more knowledge so that when 
those conditions come, we can apply that knowledge. 
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Beef Production on Sloping Land in
 
Southwestern Wisconsin 
J. M. Scholl and W. H. Paulson 
University of Wisconsin, Madison, Wisconsin, USA 

Early work concerned with the improvement of 
permanent pastures in Wisconsin led to the pasture 
renovation concept and the development of a practice 
which has been recommended, with certain modifi-
cations, to the present time. Production from unim-
proved permanc n pastures on sloping land its 
found to be very low and extremely variable, ranging 
from almost zero in woodland pastures to iabout 2.25 
MT/ha of dry matter on the better sites without 
trees and brush. On these better sites ibout 112 kg 
of beef per ha per year have been produced. 

PASTURE RESEARCH ON SLOPING LAND IN 
SO UTHWESTE RN WISCONSIN 

The Lancaister Experimental Farm was established 
in southwestern \Wisconsin in 1962 to evduate farm-
ing practices for promoting ii productive agriculture 
embodying soil and water conservation on sloping 
land on the Upper Mississippi Valley unglacialed 
soils. The Fayette-Dubuque and assoc:iated soil types 
comprise an area of about 5 million hj. distributed 
across southwestern Wisconsin, ;outheaislern Min-
nesota, northeastern Iowa and northwestern Illinois. 
Much of this land should reiain in permanent 
vegetative cover. There are approximttely 770000 
ha of unproductive permanent pasture on this steep 
land in Wisconsin alone, and more than .40(0000 
ha, or 52% of this area, have slopes of 6-30";,. NIch 
of the research ind demonstrational work ait this 
farm is planned anc conducted by ia cominitlee 
composed of research personnel from the four stares 
in the region. 

The Lancaster farn receives an average of 860 
mm of precipitation per year. two-thirds of it during 
the growing season. The average annual temperature 
is about 9.5 C, with May 12 the last day in spring 
with minimum temperature of 0 C and October 14 
the first day in fall with minimum temperature of 
o C. 

OBJECTIVES 
General: (1) To develop systems of forage produc

tion and utilization with beef cattle in the sloping 
unglaciated Ulpper Mississippi Valley region with 
cooperation from the four-state committee. 

Specific: (1) To evaluate species and mixtures of 
perennial forage crops for grazing beef cattle. (Some 

grasses with nitrogen fertilizer were compared to 
the same grasses grown in association with alfalfa 
or birdsfoot trefoil.) (2) To determine the feasibility 
of deferring th:! grazing in summer, followed by 
utilization of this accumulated growth in late au
tum n. (3) To evaluate the feeding of limited supple
mental energy from corn grain to increase rate of 
gaiii for cattle finished to a satisfactory slaughter 
grade at the end ef the pasture season. 
METHODS AND MATERIALS 

IThe produclion of forage and beef from renovated 
ptrniarent pastures on sooUth-facing, 10 to 12% 
sloping unglaciated l)ubuque silt loami soil is being 

studied in southwester, Wisconsin. The !Fayette, 
Dubuque nd other (losely related soil series (level
oped under a (heciduls hardwood type vegetation 
and are predominantly found on rough, 1iroken land. 
Pasture production and utilization are being evaluat
ed with yearling beef cattle, using a pul-and-take 
systern of stocking. Vith this system, certain uniform 
animals that remain on the experitnntii pastures 
all se.ason are t:llissified as "testers." Others thilt ire 
added or removed to utilize the pasture growth are 

grazers" which graze reserve pastures when riot 
needed on the expeririental pastures. The total gains 
per pasture and per ha are calculated from daily 
gains of testers corre,:ted( for the number of steer 
dh, ys for any period. Steers aire weighed every 28 
days, with a 14-16-hour fast from feed and water 
only at the beginning anti end of the pasture se(ason. 
Experimental 1.21-ha piastures, divided into three 
subpasturesfor rotational grazing inaiageen t, have 
been utilized. The soil has been limed to lit I .5-6.8 
and P and K maintained at recommended levels. 
Pasture treatments have been duplicated each year 
and each experiment has been repeated fromi : to 
5 years. During the critical fall period, from about 
September 1 to October 15, experimental pastures 
have been allowed to make uninterrupted growth 
in preparation for winter. 

RESULTS 
1967-1970 

Five pasture treatments were compared (Table 1). 
The production from mixtures of selected grasses 
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SCHOLL AND PAULSON 

TABLE 1. Performance of yearling steers grazing renovated pastures with nitrogen supplied 
by either N fertilizer or legumes (1967-1970, incl.) 

Pasthre 
'Trealmets' 

Ky hluegrass-tiuiotlhy-r(dtl) 
N-O Kg/ha 
N-134 Kg/ha 

Iirdsfoot Irefoii 


It rito I ritss-i irha rdgrass 

N-134 Kg/ha 

Alfalfa 


Daily Gain 	 rotal Gain"Average Gain" Steer Days' 

Per Tester Per ha Per Tester Per ha 

(kg) (days) (kg) (kg) 

65.5 422 .56 	 236 
.47 	 349 

:354 
55.3 	 743 
62.0 	 644 .55 

55.3 	 743 .47 354 
35148.0 	 836 .42 

"Two repliuates, eaci 1.21-ha in size, divided into 3 subdivisions for rotational grazing. 

Average of :t tester animals which remained (il pasture all season. 

ICah:ulattd from total number (if animalIa (testers plus grazers) for the season; 28-day weighing periods. 

"C:tlated from average daily gain of testers, multiplied by the number of steer lays per ha. 

with 134-16il kg N/ha was not diffrent from these 
grasses in mixtures with alfalfa or birdsfoot trefoil. 
Live-weight gains during an average grazing period 
of 116 days were 352 kg per ha per year. A renovated 
pasture composed of Ihe same grasses but without 
addetd N produced 230 kg of beef, which was less 
(P < .05) than those with N or legumes, but more 
(P < .05) than the typical "112 kg from unimproved 
pastures. 

The cost of production was less in pastures where 
N was suppliedl by legumes. Rate of gain was less 
than .6 kg per head per day and steers were still 
classified as feeder cattle at the end of the pasture 
season. This indic(aled the need for subsequent work 
to lengthen the pasture season and to attempt to 
increase daily gains with limited supplemental en-
ergy from corn grain, 

1971-1974 
During this period, some new pastures were estah-

lished, and the objective was to evaluate deferring 
late summer grazing as a means of saving pasturage 
for tts. in late autumn, thus lengthening the pasture 
season. Cattle grazed reserve pastures during August 
and September and returned to utilize accumulated 
sum mer growth. (On most farms there are haylands 
scheduled to be plowed in the rotation and third 
growth on these may he grazed during the fall when 
long-term pastuores should be rested.) llirdsfoot trefoil 
rephtced alfalfa in grass-legume seedings to be grazed 
subsequently. 

Yields from small 	pilot plots within experimental 
pastures during the 1967-1970 period showed that 
these grasses gave a significant response to 224 kg 
per hit of N per acre and consequently the rate was 
increased to this amourtt in 1971. 

Performance of steers during the 1972, 1973 and 
1974 grazing seasons is shown in Table 2. The 

increase in yield over the previous years was proba
bly due to the increase in N level in addition to 
the longer grazing season. Despite the longer grazing 
season under the conventional system, the number 
of steer days was similar a: d because the average 
daily gains were higher for the grass-legume pas
tures, the gains per ha were not different; the average 
was 517 kg per ha per year with a range of 496 
to 556. 

The oat companion crop used in the 1971 seedings 
was grazed; it provided 43 days of grazing, 105 steer 
days and 172 kg of beef per ha. (Farmers are some
times reluctant to renovate because pastures are taken 
out of production during most of the renovation 
year; these data show higher production for the short 
grazing season with the oats; 172 kg per ha compared 
to the 112 kg from typical unimproved pastures.) 

1975-1976 
Results of the 1975 pasture season are shown in 

Table 3. The corn grain, fed at 1% of body weight 
after July 1, increased rate of gain and gain per ha. 
Hiowever, average daily gains, even for the grain-fed 
cattle, for the entire season were below 0.7 kg per 
head per day except for cattle grazing birdsfoot 
trefoil-grass pastures and only a few of the cattle 
had reached low-choice grade at the end of the 
pasture season. We have concluded that grain feed
ing should begin is soon as cattle go to pasture. 
May and June pastures are succulent, high in protein 
but low in dry matter and energy. 

Performance of the steers receiving grain from the 
beginning of the 	 pasture season until the end of 
July, '1976 is shown in Table 3. Results for the year 
are incomplete, but these data for three 28-day weigh 
periods are complete and show that we have been 
able to get gains of 1.0 kg or more with grain feeding 
during the first part of the grazing period. We expect 
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BEEF PRODUCTION IN SOUTH WESTERN WISCONSIN 

TABLE 2. Performance of yearling beef steers grazing renovated pastures under different summer 
and fall managements (1972-1974, incl.) 

N ). of 
Pastures and1 Manigvnnt Grazing Days 

Trefoil-bluegrass, timothy redtop 
Conventional 

Summer 12:1 

Fall 29 


Deferred
 
Summer 84 

Fall 39 


Brome and orchardgrass, 224 kgN/ha 
Conventional
 

Summer 123 

Fall 29 


Deferred 
Su mier 84 

Fall 39 


Bluegrass. timothy, redtop 224 kgN/ha 
Deferred
 

Summer 84 

Fall 39 


to be able to market choice grade cattle at the end 
of the extended pasture season in early November 
based on these early season results. 

DISCUSSION 
Permanent pastures on sloping land generally 

represent an undeveloped resource with a high 
potential for improvement. Pasture renovation in-
volving liming, fertilizing, tillage, seeding and man-agement is a practice that can accomplish this.
Research is needed to refine theprocedure tinder 
difearn fised otion(tcheo etp d.,1970).

The pasture research reported here has shown that
The astre eserchreprtedher ha shwn hat 

mixtures of certain grasses and legumes were as 
productive as these same grasses fertilized with 
moderately high rates of commercial N. The cost 
of legume seed and sowing just once during the 
conduct of these trials was much less than the current 
cost of annual applications of N fertilizer (Scholl 
et al., 1974). 

The productive life of perennial legumes is enhace ,ballowing them to make uninterrupted 1 

Sy a n u 

growth for a period of about six weeks prior to the 
end of the growing season; this management is 
probably beneficial to the grasses as well. Hiowever, 
the growth that accumulates during this 6-week 

Stver Days Average [.iv Wt.
 
Per hi Daily Gains (kg) Gains (kg/ha)
 

.71 431
 

275 1.38 96
 

527
 

.70 3011
 
244 1.10 197
 

505
 

.53 432
 
368 1.25 66
 

498
 

.511 :157 
348 .71 179
 

536
 

.57 331
 
332 .98 224
 

555
 

period may be utilized in the fall without damage, 
provided a 4- to 6-inch stubble is left (Smith, 1975). 
Extending the pasture season by deferred grazing 
resulted in a substantial increase in beef production. 
Daily gains were higher during the cool weather 
of autumn when fly populations were lower than 
during the rest of the grazing season. 

Interest in evaluating limited supplemental en.rgy 
for finishing beef cittle on pasture has increased 
(Barrick et al., 1973; Spooner and Ray, 1972). The 
feasibility of feeding corn grain to pastured yearling
cattle, at 1% of their body weight, throughout the 
pasture season is being studied. Feeding at this rateafter July during 1975 improved gains per hat but 

did not improve slaughter grade over cattle not 
receiving corn. Data from the 1976 season, not yet 
completed, indicate that the cattle fed corn through
out will grade "choice" at the end of the grazing 
season. 
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TABLE 3. Performance of yearling steers grazing renovated pastures with or without corn grain fed 

Fceding 
Managernent 

islotrageitly 
May 13:-july 1)
 
AI}); (Kg) 


Pasturage with or without corn" 
lilly 8-Sept. 9 
AI)(; (Kg) 

Oct. 7-Nov. :3
 
AI); (Kg) 


loital svilson (114 da) 
AIG{ 
Kg/ha 

P'astorage with or withotl corn" 
May 6-july 21t (112 da) 
AIG 


at 1% of body weight, 1975-1976 

lPerformance of Yearling Steers"
 

Pisii re 'rea tments
 

Iluegrass, Timothy and Redhop with: Brome-orchardgrass
 

N-224 kg/ha Ilirdsfool Trefoil with N-224 kg/ha
 

No Corn No Corn 
 No Corn 

Corn After 7/'i Corn After 7/1 Corn After 7/8 

.'975 

.14 .29.40 .26 .67 .64 

.46 .69 

.95 1.24 .6t) 1.17 .79 1.32 

.32 .73 .72 .84 

.56 .60 .68 .82 .55 .68 

501 571351 547 422 291 

1976 

.97.75 1.15 .99 1.16 .76 

"'reatinents with I,wo replications except bluegrass mixture with N-fertilizer. Four tester animals in each pasture. 
,Ctarse-grouetd shelled corn hand-fed at 114 of hody weight. 
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DISCUSSION 
R. Blaser (Virginia, USA). There is no doubt that 
there's an energy shortage. However, older data 

would show by supplementing grain at 1% body-
weight for the last 110 days, produced animals grading
-good.' Also, in Virginia work which I did not 

relitirt-taking normal animals without grain feeding 
in the spring and then supp~lemnenting at 1% body-
weight, self-fed, by controlling intake with salt, 
(hone by my associates at VIl-that those animals 
for the season would gain two pounds. Of course 
we have longer grazing seasons than you do there, 

and again, many of those would be "high good" 
and "choice," ideal animals. So in our region it 
can be done with a minimum amount of grain 
feeding. I would like to ask a question, though. I 
did not mean to infer in my paper that the autumn o t wa n tg od q liy We nf m b tr 

growth was not good quality. We enforced better 
than 85% utilization by the cows. The calves gained 
nicely since they did not have this enforced utiliza
lion. We don't know what this growth is worth in 
terms of energy intake. To what do you attribute 
the higher intake and higher gain from autumn 
growth than from summer or spring growth? 

Scholl. There are possibly three explanations-it's 
cooler, there is no fly problem and physiologically 
these animals may be stimulated to put on fat in 
the cooler seasons. Actually, with the put-and-take 
system that we use, we leave the cattle out there 
until that growth is all consumed and we don't waste 
feed. And so we're really converting all of this into 
beef. Those are the only things I can say about this. 
These cattle are a little larger then. I want you to 
tnderstand that had we been using two-year-olds 
we might have obtained a different result. These 
people want to take those calves dlirectly out of the 
wintering ration through a pasture season and put 
them on the market without going through the 
season. 
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131. 
Pasture Management and Beef Production in the 
Southern Piedmont 1 

S. R. Wilkinson and J. A. Stuedemann 

Southern Piedmont Conservation P -arch Center, USDA-ARS. Watkinsville, Georgia, USA 

The Piedmont region of southeastern United States 

a rolling upland plateau lying between
comprises 


the Blue Ridge Mountains and the Coastal Plains. 


It covers about 152810 kn' 
 with elevations of from 

90 to 305 m above sea level. Normal precipitation 
ranges from 114 to 140 cm/yr. and the freeze-free 
period is 200 to 250 days. Soil textures tend to be 
heavier than those of the Coastal Pllins region. 
Summer pc-rennial grasses inc:lude bermuda (Cyno-

don dacty*lon [ L.] Pers.). hahia (1ispaluin notaturn 

L.) and dallis (Paspaini dilatatiun Poir.). Winter 
(Festuca artindinaceagrasses include tall fescue 

Schreb.) and occasionally orchardgrass (Dactylis 
to theglomnerata L.). Perennial legunmes adapted 

region include white (lover (Trifoimn repens L.) 

and sericea lespedeza (Lespedeza 0cu1eata [Dumont] 
G. Don.). Both cool- and warm-season grasses pro-

duce well at different seasons, and year-round forage 

production is possible in some years. Annual (creal 

grasses such as rye (Secaie cetpaiet[L) and annual 

legumes, crimson clover (7Trifolimn incirnalurn L.), 

arrowleaf clover (T. vvsiculosurn Sayi) are used. 

From early Decembher to mid-March, low tempera-

tures severely restrict growth of grisses and legumes. 
Additionally. soil water stress is often a limiting 
climatic factor to the growth of cool-season, and 

particularly warm-season pasture species. 
The agriculture of the Southern Piedmont has been 

profoundly influenced by industrial developiment 
with its opportunities for nonfarm employment. This 

has promoted low-labor agricultural enterprises and 

increased acreages of permanent pastures aid 

expanded beef production. This area also supports 
a very large poultry industry - layers, broilers, and, 
to a lesser extent, turkeys. Many farmers have found 

that operations that include poultry, beef cattle, and 


limited row crop plantings have been profitable as 


well as enabling excellent use of Iand and climatic 


resources. 

Burns et a]. (1973) found that tall fescue pastures 


gave 94 kg calf weight gain and 24 kg cow weight 

gain over a grazing season from April 8 to September 


'Contribution from Southern Piedmont Conservation Research 
Res:h iCenter, Watkinsville, GA :0677. Agricultural 

USDA, in cooperation with the University of Georgia Agricultural 

Experiment Stations. 
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15. Inclusion of ladino clover to constitute about 

20"' 	 of the sward increased calf weight gains 29 
etkg/ha and cow weight gains 27 kg/ha. Gross 

al. (1966) reported that tall fescue plus Coastal 
bermudagrass resulted in a longer grazing period 

and more animal days peracre than tall fescue-ladino 
clover, although average daily gains on the latter 

wcre superior to those on tall fescue plus Coastal 
bermrudagrass. 

Lance et al. (1973) compared winter and sumnmer 

cow-calf systems in the ;eorgia Piedmont area, using 
common and Coastal hermudagrass permnanient pas

tures and annual winter pastures of wheat (Trilicun 
iestivurn [L.1 ), oats (Avelna sativa [LI ). and ryegrass 

(Loliumn iultiflornnLam.). Average weaning weight 

was nearly equal for the tw cow-calf systems (fall 

calving vs spring calving)-i194 kg/calf for the 

winter system end 191 kg/(:alf for the summer 

system. These resuos indicated that ways of reducing 

land requirements ot 0.81 to 1.21 ha per cow, is 

well as other costs sodc]ias hay feeding, were impor

tant aspects of beef production nee(ding further 

research. 
Wilkinson et al. (1968) founl that tall fescue could 

be successfully sodseeded into Coastal bermudagrass 
and m.intained by use of proper clipping height 

and N fertilization. Fribourg and Overton (1973) 
confirmed this compatibility of tall fescue and 

Coastal bermnud igrass. The tall fescue comnponent 
of the coinhinat.on is encouraged by N fertilization 
and moderate ;,razing during the cool season,
 

whereas the bermu dagrass conponent is encouraged
 
by N fertilization and close grazing during the warm
 

season.
 
Van Keren and Stuedemann (1976) reviewed the
 

for
literature on tall fescue in production systems 
breeding and lactating animais. The lack of data 

on cow-calf performance and the incidence of beef 

cow health l)roblhms on perennial grass pastures 
tall fescue and Coastal hermudagrassof Kentucky-31 

prompted. our investigation into the management 
of pastures containing these perennial grasses at the 
Southern Piedmont Conservation Research Center
(33' 52' N; 83' 26i' H). This rep~ort will p~resent 

(330r52'iNn on 2i' fTreot il presin
forage, botanical oposiinformation on available 

lion, cow-weight changes, and calf prodtiction on 

six pasture systems. 
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EXPERIMENTAL PROCEDURE 

Three Kentucky-31 tall fescue pastures, two Coast-
al iermudagiass pastures, and one Coastal bermuda-
grass past re interseeded with tall fescue were 
grazed wilh Angus cows from 1972 through 1975. 
The pre valent soil was Cecil sandy loam, a typic 
hapludult of the clayey, kaolinitic, thermic family. 
Slopes ranged from less than 2 to 151. The three 
fesc ue pastures, stocked at 0.4 ha/cow, were fertit-
ized at three N levels: high N (70i, 794, 483, 0 
kg/ha from broiler litter in 1972, 1973, 1974, 1975, 
reslectively) moderate N (224 kg N/ha per year, 
from NII. N) ,), and low N (84 kg N in 1972 and 
74 kg N/ha in 1973, 1974, and 1975, respectively, 
from NI.,NO,). The low-N bermudi(ar!ss pastures 
were stocked at 081 ha /(:ow and the moderate at 
0.4 ha/cow in 1972 and 0.27 in 1973, 1974, and 
1975. 'I'll moderate- and low-N bermiudagrass pas-
ures were fertilized al 280 and 20) kg N/ha per 

year from NI IN(),. respectively. The beruntlagrass 
pasture intersetedl with hill fescue in 1968 wits 
stocked itt 0. ha/cow anlt fertilized at 156 kg N/ha 
per yer frot NIl., NO,_ 

Broiler litter wits iipplied to the fescue pasture 
in ll truiary, June, and August in 1972, in January, 
May. Septllember, anl Decemnler in 1973, and in 
Augusl. Sept emtier, ind l)ecember in 1974. Dry 
mattrii inputs of )ri ilei litter were 1706(t2, 21 770, 

ind 12376 kg/ht in 1972, 1973, 1974, respectively. 
1otissiti inputs from Itroiler litter were 314, 439, 

and 218 kg/bit in 1972, 1973, inti 1974. respectively, 
The other pistures were fertilized with I) all(] K 
whemver soil tests for these nutrients were less than 
"miedium." Phosphorus aid K requirements to 
naintain the "medium" soil test levels for the entire 
1972-75 period were 41 kg/ha and 159 kg/ ha, 
respectivel v. for the noderate-N-fertilized fescue and 
12:1 and 157 kg/ ha, respetively, for the low-N-fertil-
ized fesutie. The luw-N-fertilized hermiudlagrass re-
ceived 11 kg/ hia of 1., but no P or K were required 
for the other bermudagrass pastures. line was a,1p-
plietd only when soil pA levels dropped below 
5.5. The only pasture that required lining was the 
Ctast-tescute :ombination, which recei-'ted one ap-
p1itaton of 2.24 metric tons/ha. 

All cattle were managed siilitarly. A 90-day 
breeting seitsonl bueginning in nlid-April was used. 
B3ulls were rotated at least twice during the breeding 
seistoln. All open cows, as judged t y rectal palpation, 
were routinely relplaced with pregnant cows that 
had calved at least twice. Call' proluction was esti-
mated hy Georgia Beef Cattle Improvement Associa-
tion procedures. Cows were weighed routinely at 

6-week intervals throughout the 4-year period. 
During periods of insufficient forage, cows grazing 

the high- and noderate-N-fertilized fescue received 
hay harvested from their respective pastures. No hay 
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was harvested from the other four pasures. In 1972, 
cows grazing the low-N-fertilized fest'ie were fed 
bermudagrass hay during periods of insufficient 
forage. In subsequent years, they received tall fescue 
hay harvested from a field fertilized at the same 
rate as the pasture. Cows grazing the other three 
pasture systems received goo(l quality bermudagrass 
hay (luring periods of insufficient forage. 

Available forage was estimatet on the high- and 
moderate-N fescue by harvesting forage above 2.5 
cm with a sickle-har mower, anld from ground level 
to 2.5 cm with hand clippers within each mower 
strip for all four years. The samples were collected 
carefully to minimize contamination with soil, de
composing vegetation, and feces. Similar sampling 
procedures were initiated in July, 1972, for the 
low-N-fertilized fescue and in January, 1974, for the 
moderate- and low-N-fertilized Coastal bermuda
grass and bermudagrass-tall fescue combinations. 
The available forage estimates were of total dry 
matter and were not separated into living, dead, 
or botanical components. 

Botanical composition was estimated from the 
frequency with which 20 points 10.16 cm apart on 
a 203.2-cm bar came in contact with bermudagrass, 
fescue, clover, weeds, bare ground, feces, etc. All 
tabulations of botanical composition presented are 
confined to the four categories of bermudagrass, 
fescue, clover, and "other." Botanical composition 
was estimated 16 times between April, 1974, and 
February, 1976, with a minimum of 36 estimates 
per pasture made with the 20-point bar described 
previously. The results are presented as average 
percentages of the total for three periods of the year, 
i.e., observations made from October through Febru
ary, from March through June, and from July through 
September. These periods correspond to the winter 
period, the spring flush growth period for fescue 
and clovers, and the period when bermnudagrasses 
grow the most rapidly. Visual estimates of herbage 
height and botanical composition were also made 
monthly. Since those estimates generallyagreed with 
lhe point method estinates, they are not reported. 

During this 4-year period, several animal health 
studies were conducted with cattle grazing these 
pastures. Results concerning grass tetany, fat necro
sis, and nitrate poisoning are reported in more detail 
ill Stuedemiann ef A. (1975) and nematode and 
coccidia parasitism are presented in Ciordia et 4l. 
('1976). Results for mineral element concentrations 
in forage from the high- and moderate-N-fertilized 
fescue are also presented in Stuedemann et i. 
(1975). 
RESULTS AND DISCUSSION 

Pasture species composition and forage availabil
ity. 'he bigh-N-fertilized fescue pasthne was nearly 
pure fescue, with small areas of common bermuda
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PASTURE MANAGEMENT IN THE SOUTHERN PIEDMONT
 

BOTANICAL COMPOSITION Of EXPERIMENTAL PASTURES 
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Figure 1. Botanical composition of southern Piedmont cow-calf 

pasture systems (each group of three bars represents results 

from sample periods 1, 2. and 3. respectively). 

grass near fence rows (Fig. l).The other cattgorv was 
predominantly bare ground and fece's. Percentage of 
common bermudagrass and legumes. mostly wild 
white clover, was slightly higlwr in the moderate-N-
fertilized fescue pasture. The most obvious veed 
in the high-N fescue (fertilized with broiler litter) 
was Spiny amaranth (naran thus s/finosus L.): on 
the moderate-N fescue. horsenetth (Solinumu: aro-

linense L.) was also apparent. On the low-N-fertilized 
fescue pasture, common berm udagrss, bitter sneeze-
weel (Ifelenium an,iruin) (Ratin.) H. Rock and 
horsenettle, and in later years. Canada thistle (Cir-
sium arvense [L.] Scop.). dog fennel (Eupalorium 
capillifolium [.am.) Small). and dallisgrass were 
apparent weed problems. Little or no bitter snee'ze-
weed was observed in the high-N-fertilized fesctue 
pasture until broiler litter fertilizalion was stopped 
in December, 1974. Very little legume was present 
in the low-N-fertilized fescue, although common 
lespedeza (Lespedeza striatia Thumb., lH&A), and 
white clover were observed, 

The mod erate-N Coastal bermudagrass pasture was 
predominantly berm udagrass during Ju l through 
February, but many annial cool-season grasses and 
weeds appeared during March to June. Species 
represented were Carolina geranium (Geranium 
carolinianumL.), weedy grass annuaIs such as little 
barley (-Iordeum pusilhtm Nutt.), annual bluegrass 
(Poa annua L.) and various olher cool-season weeds, 
The low-N bermudagrass pasture was actually a 
Bermuda grass-fescue-clover mixture, appearing in 

grass in this pasture was commnlon hermudagrass. 

The Coastal bermudagrass pasture interseeded 
with fescue contained the most fescue from March 
through June and the least from July through Sep

tember. Visual estimates ranged from as little as (3% 
e t75760f fescue in April. Bermudagrass 

reached its peak in the July through Ser, lemher 
period, and was dormant from November to late 
April. 

Crabgrass (Digitaria sanguinalis [L.] Scop.) was 
present during July and August in all pastures except 
the high-N fescue and moderate-N hermudagrass. 
Apparently, it was grazed as readily as the predomi-
IIant pasture species. 

Available forage above the 2.5-cn height was 
greatest in the high-N fescue and moderate-N Coastal 

erm udagrass (Fig. 2). Available forage above 2.5 

cm was greatest during April through September 

on the high- and moderate-N fertilized fescue. Rather 
large anmotnIs of forige available for grazing at:

cumuhatell oi the moderate- and low-N berm ti ila
grass and the bermi(tagrass inlerseede(d with fescue 
from July through frost. After frost, iu(ch of tl'-: 
bermudagrass remained on the pasture until March. 
Th( amotunt of forage in the 0- to 2.5-cim layer was 
fairly constant for the three hermudagrass pastures, 
bul varie(d considerably oin the three fesctue t)asturvs 
(Fig. 2). The moderate-N bermudagrass 1);stur( con
tained more forage in the 0- to 2.5-cm layer at all 
times than was available ol Ithe low-N fescue. Very 
little herbage ahove 2.5 cn was ever present on the 
low-N fescut, although the niaxinlitm iniouint of 
forage was present. generally, during iuly through 
October. lowe!ver, this was a period f reduced 
cow-calf performance beciise the forage available 
for grazing was of lower quality. Much of the avail
able forage was iefused forage around (lung and 
weedls. Similar observations can he mole for (lality 
of Coastal bermu(agrass pastures, in that poor
quality, stemriy material made up the bulk of the 
available forage on btermudagrass pastures from Sep
tember to February. Fromn mid-February through 
April. volunteer winter annual grasses and weeds 
contributed to forage available for grazing. 

In only one pasture systern, ile low-N fescue, was 
the quantity of forage considered insufficient to 
prevent soil erosion. Barnet t N al.(1972) concluded 
that heavy utilization Of tall fesciue forage through 
close grazing was as effective in controlling soil 
erosion as allowing the grass to reach a height of 
7.5 cm or inore. The low-N-fertilized pasture reached 
a maximum average height of 7.5 (m over the 1974, 
1975 period, whereas the tall fescue fertilized with 
broiler lilter fertilization reached a maximum average 

a ratio over the last two years of 40-40-2(1 (by the height of 29 cm. 
point method). All the weeds previously mentioned The closely grazed low-N fescue had less than 
were present in the low-N-fertilized Coastal her- 56 kg/ha avilable forage above 2.5 cm during seven 
mudagrass pasture. Roughly 50% of the bermuda- months of the year and less than 560 kg/ha of total 

734 



WILKINSON AND STUEDEMANN
 

AVAILABLE FORAGE ON COW-CALF PASTURES 

Moderate N Coastal (250) Low N Coastol(20) Fescue- Coastal (156) 

4000 ........................... . 

1 1 1111 1 1 1 1I1 

12 4 6 a 10 12 12 4 6 a 10 12 12 4 6 a 10 12 
0 

igr602v- High N Fescue(660) - Moderate N Fescue(224) - Low N escue b 7) 
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...... 


2000

a ~ T t l< 2.53 

1 2 4 6 8 10 12
1 2z 4 6 2 10 12 12 4 6 8 10 12 

Month of Year Sampled 
2.5 cm, and total by monthpasture systems partitioned into that below 

Figure 2 Available forage of southern Piedmont cow-calf 

of year sampled. 

available forage for six months of the year. There tance of defining forage growth rate potential with 
was little evidence for accelerated soil erosion in each season and using fertilizer N to maximize 
any of the pasture systems. growth potential during seasons when available 

Nitrogen fertilization increased available forage forage is naturally lower. The higher rates of N 
the most during the season of favorable growth of fertilization produced more forage than was utilized 
both tall fescue and Coastal bermudagrass. The at the stocking rates employed. 
increases in available forage at other seasons were Cow-Calf Performance and Production. Indivi
less in absolute terms, but were important in relative dual calf weight was highest on the low-N Coastal 
terms. For example, in January the high-N-fertilized bermudagrass pasture and lowest on the low-N tall 
fescue had an average of 1 549 kg/ha dry matter, fescue pasture (Table 1). There was a 23 kg/head 
the m,,herate-N-fertilized tall fescue an average of difference in adjusted 205-day weights between these 
9(1 kg/ha, and the low-N-fertilized tall fescue an two pasture systems. Adjusted calf weights differed 
average of 391 kg/ha. In May, these availaibhe forage by only 5 kg among the high-, moderate-, or low-N 
averages were 5756, 2852, and 437 kg/ha for the tall fescue pastures. Since the tall fescue pastures 
high-, moderate-, and low-N fertilized tall fescue, were all stocked at the same rate, adjusted calf 
respectively. These results emphasize the itpor- weights produced per ha varied little. The Coastal 
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TABLE 1. Weaned calf performance and production as affected by cow-calf pasture system, 1972-75 

Pasture System 

n 
Modera t N. tall fescut, 
Iligh N. tall fescue 
Low N. hormiudagriss 
Mti rate N, irniudagrass 
ii,.rmudagriss-tal ftsc ue 

Low N. tallfeset 

N Sto:king Cows/ 

level Riti Ilerd 

kg/ ha ha/:ow No. 

77" 0.4 1 16 

224 0.40 24 

660' 0.40 21 

2(0 0.11 2:3 

280 0.3O 16l 

156 0.40 24 

Nil N(, %%as 84 kg'hi in 1972 and 74 kg/ha ill1973, 1974, and
"Nitrogen f,,rtilizatitn with 

1974, and 1975.0.40 hl :ti,,tlri-ig 1973.,was 043 ha :t:w i 1972 anid 
w is703. 7N4. adtl 403 kg/hi for 197 -1, 1073, and 1974,

Nitrogen fertilization from hruihr litter 

was applied in 1975. 
during 1972 .ind 027 ha.,itow during 117:1. 1974, ani 	 1975. row"The slocking rate was 041) ha 

Adillst Ad ju'shedI i 

2105-day (,I[ 
Weight Production 

kg/calf kg /hl 

162 300 

167 3716 

165 :72 
165 225 
172 576 

433
17H 


1075, respetiiively. Stocking rate 

respectively. No litter or fertilizer 

ed with tall fescuebermudagrass pastu:re intterset 
iny o(f the otherproduced more beef per ha than did 

pastures except the mioderat(e-N-fertilizel Ctastal 

bermudagrass stocked at the higher rate. The l)w-N-

fertilized Coastal bernmdagrass pasture, produced tel 

lowest amount of (et' per ha because, of the !ow 

stocking rate. 
Mean adjusted calf weights on tit lw-N-fertilized 

fescue pasture for 1972. 1973. 1974, and 1975 were 
hi, re~spet(ivelv. Cow458, 410, 318, and 335 ki' 

weight patterns and internal pairasit( data (Ciordia 

et al., 1976) indicate that either ii cow '/t:alf nutrition 

effect, parasitism in calves. or an inter,c't Iion hetwee(n 

the two caused the lower (.,ilf theweights during 

last three years of the studv. Calf v,eights on the 

moderate- and high-N fertilizel .)asturi's tended to 

remain fairly constant over the 4-year period (datlt Contceptiion rates ((-diy exposure) were 

TABLE 2. Cow performance as affected by 	cow-calf pasture system, 1972-75 

not shown). The Coastal bermudagrass pasture pre

viotislv interseeded with tall fescu(e, fertilized With 

156 kg N/ha, and sto:ked at 0.4 ha/cow was consid
calf weight perered most iffective in producing 

unit of land and N. 
The cows grizing the high-N tall fescue were the 

heaviest. required the least antount of hlty, and lost 

a outl 81 kg of weight ('I'alihe 2). The cows grazing 

the low-N fertilized fescue wre the lightest, required 

the mrost aiount of hay, and underwent aboul the 

sale weight loss. Cows grazing the noderate-N

fertilized Coastal heriuttdtgrass were fed 51 kg less 

hay' than those grazing ltw-N-fertilized fest:ue. More 

hay was harvested from the high- and m hoderate-N
to cowsfertilized fescue piistur(es than was later refed 

oi these pastures. 
lowest 

Pasture Svstem 

Low N, tall fescue" 
Moderate N, tall fescue 
High N, tallfescue 
Low N, bermudagrass 
Moderate N. hermudagrass 

Bermudagrass-talI fescue 

'Minimum and maximum 
the entire year. Average cow 
dates. 

N 
Level 

kg/ha 

77 
224 
660 


20 
2(1( 
156 


cow weights are 
weights are the 

Colnception 

Sto:king Ily Minimunm' M,.iin1Il 	 Average" Rate (.0-d ay 

Cow wt. l'xposore)Rate Fed Co% wt. Cow wt. 

ha /cow kg/cow kg /cow kg/cow 	 kg/cow 

411 :175 815.01.41 416 33) 
4411 417 75.110.40 :14' 	 :72 

429 711.00.40 	 16' -101 4112 

:1:1 424 31)11 
 91.3
(.111 122 

:72 112.3414(1.30 	 3.615 33:3 
391 110.2(1.4(0 1t1 	 3,44 4:15 

pilrl
on the turthe ti!ans of individual cow weight minima ani 	 axitra for cows 

means of allcows on the 	pasture the entire year and are averaged across ill weigh 

"Footnotes with respect to N fe.rtilization and stocking rate from rlahle Ialso apply to Tatle 2. 
til festte and 511 kg/ ha 	 of ciured hay from the noderate-N 

911 kg/ha of cured ha, was harvested annually from the high N 

fertilized fescue. 
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on the pasture systems receiving the higher N rates 
and best on the low-N bermudagrass. Differences 
in conception rates were not statistically significant 
at the 5% level when only 1972-75 data were 
ionsid erei. IHowever, when the 1972-76 observa-
lions of conception -ate were analyzed, pasture 
syst ems effects on conception rate were statistically 
significant at the 5% level by F test. A statistically 
significant trend toward lower conception rates at 
higher N rates on tall fescue was noted when five 
years of data were pooled (Stuedemann, 1. A., 
unpublished data, 1976). 

Beef cow health problems of grass tetany, fat 
necrosis, nitrate poisoning, and fescue toxicity also 
were studied on the three tall fescue-based pastures 
from 1972-75 (Stuedemann el al., 1975). On the 
high-N fescue pasture, there were 1:3 grass telany 
cases that resulted in seven deaths among 45 cows 
not supple mented with Mg. On the inoderate-N 
fescue pastures, there were seven tetany cases that 

not supple-resulted in five deaths a[mong 41 (;ows 
There were no grass tetany casesientel with Mg. 

on the low-N fescue pasttres. Cows grazing the other 

three pastuore systems received Mg supplemlentatior, 
in the mineral box (luring January through April, 
an(] there were no cases of grass tetany in these 
pastures. 

The incidence of fat necrosis (hard fat) is deter-

mined by rectal palpation among cows grazing the 
increased with increasingvariulis fescue pastures 

levels otf N fertilization (Stuedemann 0t al., 1975). 
No fat necrosis was detected by rectal palpation of 
cows grazing the predominantly hermudagrass pas-
ures. Concentrations of NO,-N of :1300 Mg/g had 

been reported earlier in the tall fescue forage fertil-
iz(d wilh broiler litter (high N). No direct evidence 
of an effect of these NO0,-N levels on aimal health 

was observed. 
1974, two calves were slaughteredIn 1973 and 

frolm e~ach palstulre t wealning to [ain worm counts. 

Average tnumtbe!r of worms per calf for 1973 and 
1974 were i193, 17 773, and 37 197 for the high-, 
mloderate-, alnl low-N fertilized fescue pastures, 

respectively. Te level of gastro-illtestinal parasitism 

setmted nlore rllate(d to closeness of grazing than 

to the level of N fertilization (Stuedemann el i 

'1975: Ciordia el al., '1976). 

Problems possibly associated with fescue toxicity 
were incurred on the high- and moderate-N fertilized 

WILKINSON AND STUEDEMANN 

fescue pastures. These problems, and some alkaloid 
analyses of herbage from the high- and mo(lerate-N 
fertilized pastures, are(described by Stuedema nn el 
al. (1975) and publ icat ions cited therein. The overall 
appearance, i.e., haircoat anti alertness of cows was 
consistently poorer on the high- and moderate-N 
fescue than on the other four pastures. 
ACKNOWLEDGMENT 

The authors thank R. N. Dawson, G. A. Hillsman, 
j.D. Williams, and D. Hildreth, agricultural research 
technicians at the Southern Piedmont Conservation 
Research Center, for their valuable assistance in 
technical operation of this study. 

REFERENCES 

1Barnett, A. P., Beaty, E. R., and Dooley, A. E. 1972. Runoff and 
soil losses from closely grazed fescue, a new concept in grass 
management for the southern Piedmont. ]. Soil and Water 
Conserv. 27:16H-H{L 

hurns, . C., Goode, L, Gross, II.D., and Linnerud. A. C. 1973. 
Cow and calf gains il) Ladino clover-tall fescue and tall fescue, 
grazed alone ani wilh Costal huirmikdagrass. Agron. 1. 65:1177

tn. 
Ciordia. If., Ernst, 1. V., Stuedemann, 1. A., Wilkinson, S. R., 

and McCamnphell. 11. C. 1976. Gastrointestinal parasitism of 

cattleon fescue pastures fertilized with broiler litter. (Submitted 
to Amer. I. Ve. Reserch.) 

1. R. 1973. Forage production onFribotirg. II. A. and Overton. 
blernttlagrass soils overseedled with tall fescue and winier 
annual grosses. Agron. J.65:295-98. 

Gross, II. R., Goodi. L., Gilhert, W. If., and Ellis, G. L. 1966. 

ieef grazing systems in Piedmont North Carolina. Agron. I. 
5h:307- 1t. 

Lanc,, (;. C., Criffey, W. A.. and Calvert, G. V. 197:1. Economic 
comparison of cow-ca f and stodAer calf production systems 

in thi Georgia Pie-dniont ari. tinty. Georgia College of Agricul
lure Experiment Stalioln. Research Rept. 151. 

Stuedeman. 1. A.. \Wilkinson. S. R.. Williams, I). I.. Ciordia, 
If., Ernst, I. V.. Jackson, W. A.. and Jones, J. B., Ir. 1975. 
Long-term broiler litter fertilization of tall fescue pastures and 
health and performance of beef cows. In ianagiug livestock 

wastes. ASAE Pu. Proc.-275, St. Joseph, Mich., pp. 264-68. 

Van Keuren. R. V. and Stuedernann, 1. A. 1976. Tall fescue, 
lestuca arundinacaiShreh., forage-animal production systems 

for blreeding and lactating anilnals. In Tall fescuie, ed. R. C. 
Hucknerdil . Bush il press), Amer. Soc. gron. 

lackson,Wilkinson, S. R.. Wei:h, L. F., Ilillsman, G. A., and 
%V.A. 1961i1. (onlmlahility of tall fescue id Cosial hermuda
grass as affected hy nitro2 -n fertilization and height (if clip.
Agron. I. itu::t59-12. 

737
 



133. 
Pasture Performance of Beef Cows and Calves Grazing 
Orchardgrass, Tall Fescue, and Tall Fescue-Legume 
Herbage* 
V. L. Lechtenberg, W. H. Smith, and D. C. Petritz 

Purdue University, West Lafayette, Indiana, USA 

The relative merits of tall fescue (Festuca arun-
dinacea Schreb.). tall fescue-legune and orchard-
grass (Dactylis glornerata L.) pastures have been 
previously investigated ( Peterson et al.. 1962: 1tigh 
vt al., 1965: Burns et A.. 1973). In these and in 
most other pasture evaluation studies the tester 
animals have beenr young. growing animals. The 
results obtained with growing, animals may not be 
applicable to situations where the grazing animals 
are cows and their nursing calves. The herbage 
quality of a pasture is presumably reflected in the 
daily gain of the grazing animals md in the case 
of growing ainimals an increase in gain results in 
an increase in salable product. In cow and 

production, however, the amount of salable product 
depends on the size and number of calves produced. 
The cow accounts for the major port ion of the herbage 
consumed but her weight gain is of minor importanite 
as long as rebreeding is not impaired. Ilerbage quality 
in these situations may ')e reflected in :owv weight 
gain, calf weight gain, and cow conception percent-
age. Herbage quality may have relativelv little influ-
ence on calf gains early in the grazing season when 
the calves consume only a small amount of herbage. 
On the other hand, calf gains may be greatly in-
fluenced by herbage quality later in the grazing 
season when the calves are Iarge enough to consume 
a considerable amount of herbage anld milk produc-
tion of the cows has declined. 

Burns et al. (1973) compared the performance of 
cows and calves grazing tall fescue anol tall fescue-
ladino clover (7"rifolium repens) pastures during the 
early and latter part (,f two grazing seasons. Cow. 
and calf gains were greater on tall fescue-legume 
pastures than on tall fescue pastures during the entire 
grazing season. Calf gains were influenced more by 
the legumes during the late part of the grazing season 
than during the early part of the season. No animal 
reproduction problems were encountered, 

The present research was conducted to determine 
the relative performance of cows and calves when 
grazing orchardgrass, tall fescue, and tall fescue-
legume pastures under southern Indiana conditions. 

lournal Paper No. 6373, Purdue University Agricultural Experi-
ment Station, West Lafayette, Indiana. 

The specific objectives were to determine the effect 
of pasture species on the average daily gain of cows 
and calves and the conception percentage of cows. 

MATERIALS AND METHODS 
E'stablished stands of orchardgrass, tall fescue, and 

tall fescue-legurnes were grazed during the 1972, 
1973 and 1974 grazing seasons at the Southern 
Indiana Purdue Agricultural Center in Dubois 
County. This Center is located at 38.4' N latitude 
and 86.7" W, longitude, at an elevation of approxi
matel' 65 in. Predominant soils aro Zanesville (fine,
silty' lesic, typit: fragiudulf) and Tilsit (fine, silty,-alf 


mixed, mesic. typic fiagiudulf) with ti-12'. slopes. 
The region receives approximately 110 cm rainfall 
yearly and average temperature ranges from -2 C 
in vwinter to +24 C in summer. 

The legumes in the tall fescue-legume pastures 
consisted primarily of ladinri clover and red cloxer 
(Trifoliun pratense). All pastures were fertilized 
with P and K at aimaintenance level based on soil 
test recommendations. The tall fescue and orihard
grass pastures each received 112 kg nitrcigen/ha 
prior to the start of each grazing season. Each 
treatment was replicated twice on 10-ha pastures 
in a completely ranlohm design. During the 1972 
grazing season, 19 cows were grazed on each pasture, 
however, 11 of them were non-lactating pregnant 
cows. Eight cows were nursing calves. Each pasture 
was grazed with 19 cows and their calves during 
1973 and 1974. The grazing season began oilApril 
20 and ended on ()ctober 6 of each year. 

The stocking rate was selected to approximately 
match anticipaled summer forage productim. Each 
pasture was subdivided and the animials were re
,;tricted to only part of the pasture during the periods 
whon forage production exceeled animnal consump
tion. The excess prodlution was then harvested as 
hay. During the lattler pi!rt of le grazing season the 
aninals were allowed to graze ItIentire pasture oil 
a rotational basis. All animals were weighed at the 
start of the grazing season and at 2,-day intervals. 
Cows were bred during a 60-day breeding period 

beginning on May 12 of each year. Pregnancy was 
diagnosed at the end (if each grazing season and 
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non-pregnant cows were removed from the experi-
ment. 


All cows were wintered in one group on hay and 
fall-saved forage. Between calving time and the start 
of the grazing season, the cows received a ration 
ot corn silage and grass hay. The cows and their 
calves were randomly assigned to the pasture treat
menis at the start of each grazing season. 

Four cages were placed in each of the tall fescue-
legume pastures during the second year of the 
experiment. Clippings were made from the cages 
on three dales and the percentage of legume in the 
griass-legume pastture s estimated oni a dry weight 

) Is is. 
datil ',vere anlyzed statisticallyThe animal weight 

using analysis of variance tchniques. The signifi-

cance of d iffrveites between eantis was (etermined 
using Newm-an-Keils 'lest (Steel and Torrie, 1960). 

RESULTS AND DISCUSSION 

Botanical Composition 

the tall fescue-Thellpropotion of legumes in 
] fromnl otiMay•2231hegnnie l)iiSttlires intlriC tISe 12,2, Maylugullepasure inc~ww frm 1.... , oil 

to 39.8 and 35.8';. onl June 20 and July 12. respec-
tively (Tabhle I ). These lata inlicate that the legumes 
inthe tall fescue- legu oW pasture (onstituted a co:o-
siderable portion of the grazahle herbage luring jurne 
and July when animal gains on tall fescue pastures 
jire often ltw. h'leincreiase in the proportiin (f 
legume during the mihldhe an] latter part of the 
grazing may partly explain the greater ainial gains 

tift:n reportetd with tall fis:ui-hgunv Pasttul'es as 

compared to tall fesc:ue pastures ( Burns 0f A'., 1973). 

TABLE 1. Percentage legume in tall 

fescue-legume pastures during the grazing 

season (dry weight basis) 

1 ,,t,. . 

N',lay lune,20 Jill Av,rag,.IPsislire hidiio n -,:I 
"2 Avlegume 

11.4 37.2 44.11 :12.1 
42.4 27.01 26.6C.10.:1
2 

:5.11 29.4Average 12.2 3911 

Calf gains averaged 0.111, 0.58, and 0.83 kg/day 
for the orchardgrass, tall fescue, and tall fescue-
legume pastures, respectively (Table 2). The daily 
gains were consistent among pasture treatments 
during each year of the experiment. The differences 
in calf gairs between the tall fescue pastures and 
the tall fescue-legume pastlures were similar to those 

LECJtTENBERG, SMITH, AND PETRITZ 

TABLE 2. Average daily gains (kg/day) of 
lactating cows and calves and conception 

percentage of cows grazing orchardgrass, tall 
fescue, and tall fescue-legume pastures 

19 72 197:1 174 Average 

Calf gains (kg/uay) 
Orchardgrass 92a .74a .76a Ji1a 

Tall fescue .(71 .531) .551 .58tb 

Tall fcs;uc-legumne 
S. 

.93a 

.033 
.76a 
.027 

.79a 

.034 
.83a 
.0111 

Cow gains (kg/day) 

(rchardgrass 
Tall fescite 

.29a 
o8b 

.16a .33a 
-.101b .041 

.26a 

.01) 

sc .334 .013 .085 .041 

Cow Conception I! ) 

Ordhiardgrass 95 86 89 90 

Till fles(:ue
loll fescue-legume: 

83
911 

77
94 

54
814 

7192 

Means in a column within animal type followed by acommon 

letter ito nmt differ significantly at .05 level of probability using 

Newmn Keul's lest. 
Ptenotes significance al .1(1 level of probability. 

reported by Burns et al.(1973) when tall fescue 
and tall fescue-ladino clover were grazed. Calf dafily 
gain differences resulted in nearly a 40 kg difference 
in calf weight at weaning. 

Cow gains (Table 2) averaged 0.26, 0.01, and 0.26 
kg/day for orchardgrass, tall fescue, and tall fescue
legume pastures. Cow gains were considerably more 
variable than calf gains. The gains obtained with 
orchardgrass and tall fescue-legume pastures were 

considered acceptahle and compare favorably with 

those reported by Burns et al. On tall fescue pasture 

were low and during the second yearthe cow gains 
the cows lost weight (luring theof the experiment 

grazing season. 

Conception Percentage 

Cow concel)tion percentage averaged 90, 71, and 

92% for the orchardgrass, tall fescue. and tall fescue
pastures (Table 2). The considerable depres

sion in conception percentage with tall fescue pas
lures is of great economic consequence. The reason 

decline in conception percentage onfor apparent 
these pastures (luring each subsequent year of the 

experiment is not apparent since all animals were 

group and randomly assignect towintered in one 
pasture treatments at the start of each grazing season. 
Therefore, nutritional carryover effects from year to 
year should have been minimal. The poor conceltion 
percentage of the cows on tall fescue pasture is 
probably related to their low weight gains. This 
difference in conception percentage between cows 

grazing tall fescue and those grazing tall fescue
legume pastures is not consistent with the report 
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TABLE 3. Monthly average daily gain (kg/day) of calves grazing orchardgrass, tall fescue, and tall 

Pasture 

Or:hardgrass 
TalI fVS(uue 

Tall fi;scii,-l t,ui t, 

S, 


Mlans in i column followed 

"Test (Steel and ru ri,. 19tif). 

fescue-legume pastures (3-year average) 

4/20-
5/18 

5 ,;19-
ti/ 15 

Iil1(-
7/13 

7/1--
IIIto 

it/I1-

9/7 
1)/11--

1(1/li 
Season 

avile'!rg 

ila .70i .9i, .718a .8',l .74a .iia 

.t) 


.9'1 

.025 

by a 

.57h .581h .521) .51ih .41 .5111) 

*. -,I.i '1tla .117ii .JIM .tttl, 

.0315 .043 .073 .tr,1i .0t:ill .0iH 

coninion postscrip tit) not differ significantly al.05 levil (ifpotiahility iing Newinain-Keull's 

of Burns Pt lt. ( 1973). th-,wever. other resea rt:hers 
(Wiltbank it al.. 1964) reported that conception 
percentage vas great ly ieduced when cows did not 
co)nstlle enoug.th energy during the post-calving 
period to support body weight tin. 

Seasonal Trends in Animal Gains 
The, dtvr(qe dAily in f the, calves during each 

month of the, razing 3seon is shown in Table 3. 
Calf gairns on atl fescu, phisture were significantlv 
lver than ths. on i dguss or tall fescitue-

legune pastures durirg (ithmonth of the grazin, 
season. The diffrvnce in d,iilv gaitn hetweln thI, 
t:alves grazint tll SCue and those grazin tall 
fesciue-l,.gutme was .13 kg d,1 in 'Iy theand 
diffore.i ;e increas ,d to .:l kg'dnv during AIt."ust 
aid %p! tub r. These data sigest thai the qulity 
oJl:hle pasture had relatively less influence, on the 
caIf piius durinq the eirl portion ot the grtzing 
season when the ;alves were presumably consuming 
a relitively large amount of milk. During the: Litter 
part of the grazing seison, when the; calf gains were 
nmor! dpen(dtnt on herbage consumption, the 
difference in performwnle bet wen Inirnials oil 
tall fesc.,,t! tind those on tall fescue-legume becalne 
greater. The intreiasing lroportion of legume in the 
herbage ats the se;ason proiressed ('Tahle 1 ) milay have 
helped miaintain high calf gains on the tall fescie-
legumre pastures. Daily gains if animils grazing 

orchardgrass were similiar tithose grazing taill fes
t:ue-leguml pastures during each Iolth of the sea
son. 

The ngonl daily pins if hlie lactating cows 
are shown ill TAde -.The gains of (ows grazing 
till fescue pastures w%'ere sontw%'hat hower than those 
of (:ows g-raizing till fescue-h-unlgr pastures during 
each month of the season. Hl ver.er, the difference 
in gain was not statisticlily signiicarnt during the 
seto(ld, fourth aild fifth ionths ittd significant at 
only thl(, l hevel of probiltility during the third 
and last nlltnthi of the grazing setsoi. 

'hw differences in cmv in(cilf ins suggest that 
the inimal pierftrntilnte priolem iassocitiled with 
grazing till fesii is i staisori-long pl)rl)lini and 
riot confined simply to Ihe mid-summner ionths, 
illthough aninal gi irns on tall fes;uit nay be relattively 
lowest during those months. 

Lactating vs Non-Lactating Cows 

During the first year of tte experiment only part
of the(cows were la;ictaling. 'l'he reiining t(iws il 
each pasture were dry pregnant cmiws. Th ltrform
iif( of these t%wo groups is shown in Taile 5. Tall 
fescue resulted in sigriifi(;,illtl hlvr veril. daily 
gains than either orchartI iss or iall fescue:-legume 
pastures for each group of (ows. h'ledaily gain 
of non-lactating (;o%\ts averaged 0.21 kg/day Iore 

TABLE 4. Monthly average daily gain (kg/day) of lactating cows giazing orchardgrass, tall fescue, and 
tall fescue-legume pastures (3-year average) 

4/20- 5/19- 6/ i6- 7/14- it/I - !i/li- Season 
Paisture 5/11 6/15 7 /13 li/ Io 9/7 loi/i Average 

Orchardgrass .66a ,i7a .1 7a" .14a .2011 .o:I, .2tfi 

Tall fescue .12) .3lia --.21)l - Oia .Iia -. 11iI .o) ib 
"' ilfescue-legume .90a .47a --.1 91 .1 ilt .21.1 .tilt .2|ii 

S. .00)0 .147 .114 .08t2 .() 1 .117:1 .0.t1 

Mleans in a c;olumn followed by a comnon postscript dolinot differ significanilly ill .[15 level (if prolatilily using Newinili-Kiil's 
Test. 

Denotes significancelal10% level of proabiliy using Newman-Kenlt's Test. 
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TABLE 5. Average daily gain (kg/day) of 
lactating and non-lactating cows grazing 

orchardgrass, tall fascue, and tall fescue-legume 
pastures during 1972 

l.,1hing4 Non-hi;tating Weighted" 
Paslure C(Avs COWS ,av.mm 

()richulgrass .29;j .54a .43a 

Tall fescv .0fb .27b .t)h 
TIll f 'siAc-legumcie .3:3a .51a .43a 

Avvrae .2:1 .44 .35 
S, .064 .064 .045 

Weighled according to numer of lactating and non-lactating 
COWS. 

Means followed by a coinnion letii r do not differ significantly 
ill .05 levi ofiro.lbiliiy using Nvwnia n-K uIl's Test. 

than that of lactating cows, however, the trend with 
pasture type was similar. 

These results inlti:ate that cow andi calf gains on 
tall fescue pastures can he greatly improvetd by the 
incorporation of legumes into the pasture. The ani-
mea Iproluclion on orchardgrass pastures was similar 
to that of tall fescue-Iegume pastures. The reason 
for the difference bet ween orchardgrass and tall 
fescue is no i apparent. However, tall fescue is known 
to contain a number of alkaloids ( Bush et al., 1972: 
(;renz, 1975; (;entry el al.. 1969). 'These alkaloids 
have been shown to affect the digestilbility of the 
gri ss anl may influence animal acceptability and 
intake. Nitrogern fertilization increases the (;,n-
:entliiitinn of these alkaloids in tall lescue and thus 

may funrher accentuate the animal performance 
probleih l oi tall fescue pastures. 
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DISCUSSION 
1. Washko (Pennsylvania, USA). Dr. Lechtenberg, 
how much nitrogen were you applying to these 
grasses? 

Lechtenberg. The grass pastures received 112 kg of 
nitrogen per ha the spring of each year-one ap
plication in early spring, early April or late March, 
somewhere around there. 
Washko. Well, I was just wondering because it 
looked like the orchardgrass got the same as the 
others.
 
Lechtenberg. Orchardgrass and the tall fescue re
ceived the same amount of nitrogen. The fescue
legume received no nitrogen, and all the pastures
received about 60 kg P. O, and 120 kg of KO to 
the acre. 

W. Moser (Oregon, USA). Have you clone any work 
on protein content of the forages that are involved? 
In other words, tall fescue vs tall fescue-clover vs 
orchardgrass on protein content? 
Lechtenberg. During this sttcy we did not. In some 
previous work we have assessed the protein content 
and particularly tall fescue during the grazing season 
and as long as we're sampling green material we 
have seldom gone below about II%. 
Moser. What is the tall fescue-legume running? What 
is the orchardgrass running?
in 
Lechtenberg. The orchardgrass in sin, ar studies 
would run 10 to 12% also. It would be vet, ompara
ble under similar fertility situations. I hesitate to 
say on the tall fescue-legume: it's going to depend 
on how much legume you happen to have in it. 
We did not analyze it. I'm guessing tha, it would 
probably run 13 to 15- under situations where we 
had 30 or more percent c;lover. 
Moser. Did you utilize most of the pasture or were 
the animals selective in what they ate? 

Lechtenberg. During the first two months of the 
grazing season we did have very uniform grazing
of the material where the animals were confined. 
We had them confined to half of the pastures; they
(lic a good job of taking the material down quite 
evenly. Of course on the other half of the pasture 
then we harvested hay so that regrowth was fairly 

evenly (onsumedl and V'e feel that we had pretty 
uniform and even utilization of the material that 
was available. 

We gutesse d at the s(t;oking rate initially and we 
did quite well, I think, until we got down into (he
late! part of the grazing season and particularly during 
two years of this study, we had a quite dry late 
snmmer and fall and our grazing pressure got fairly
high during late October. If you recall, the calf weight 

gains tended to tail off during the last month of 
the grazing season when, based oin the nutritional 
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characteristics of the grass, you might have expected 
that they would go up. I think that's because we 
were probably overestimating the grazing capacity 
a little bit. 
K. lnskeep (West Virginia, USA). On these concep-
tion rates for 60-day periods that you've reported, 
and I assume the ones that Dr. Wilkinson reported 
are similar, these are really pregnancy rates which 
result from a combination of variables over that total 
period. ltm wondering if alny of you can dissect that 
a bit. How much of it is doe to a lengthened 
postpartum interval and how much is dtue to concep-
lion rate p'er so in cows that (1o cone in heat and 
are bred? Do you know which of these components 
of reproduction is really important? 

Lechtenberg. I understand your question, but I would 
have to say that I can't inswer [e(caus, we have 
not really tried to assess an\y differences in calving 
dates as a result of the treatment or ithe pasture 
treatments that these cows wert, on. 

SAs a reprouctive phsiologist Iwoud 
C, rat 

like to ask those of you working in tt agronomic 
area to keep in mind that reproduction his several 
components. I think these componentsre something

of in futurea betler mieasurethat ou need to get 

work. 

Lechtenberg. I agree: I think that's a very good point, 
like toWilkinson (Georgia, USA). I would just 

comment-ours is a 90-day breeding season. We 

use three different bulls. What is it you're referring 
to as increased postpartum interval? 
Inskeep. The postpartum interval is the interval from 
calving until the back into estrus so that she can 
he bred is oplposed to conception rate, which is 
the percentage of cows that conceive of those that 
are bred. 

Wilkinson. We did not see an increase in calving 
date as you might expect and we were watching 
it )ecause we were studying these cows for grass 
tetany and calving date is pretty critical for grass 
tetany, 
J.Baylor (Pennsylvania, USA). In your stu(lies these 
animals were continuously on one of the three 

species. Is that right? 

Lechtenberg. No, they were not. They were on one 

of tilt three pasture species during the pasture 
grazing season only. Tlhey were all wintered together 
as a group on some fall-saved aftermath and then 

calving time aout half corn silage and half hay 
and then they were reallocated to the pasture treat

across previous pasture treatment.was stratified 

Baylor. 	Then based oi your data, what would you 
to be the place of tall fescue as a componentassume 


of a total pastre system?
 

Lechtenberg. Anything but during the summertime.
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134. 
Management Systems for Sheep and Lamb Production 
on Hill Land 
J. M. Lewis, F. C. Hinds, H. A. Cate, M. E. Mansfield, and G. E. McKibben 

University of Illinois, Dixon Springs Agricultural Center, Simpson, Illinois, USA 

The University of Illinois Dixon Springs Agricul-
tural Center is located at 37 30' N lat. and 88 0 40' 
W long. on the southeast watershed of the Ozark 
uplift on 2023 ha of Shawnee National Forestland. 
The unglaciated soils, predominately Grantsburg, 
Zanesville and Millstone silt loams, are sloping (land 
capalility Class IV and VI with a p1-I of 5.5 to 5.3) 
ad subject to, severe erosion. The growing season 
is approximately 200 (lays. The average annual 
precipitation of 114 cm is 50% more than that 
received in the grain belt of central and northern 
Illinois; the excess falls during the winter and early 
spring. 

The res .ircn area was established on eroded, 
unprodu( 'tive abandoiled land. and the decision was 
reached that emphasis would be placed o the 
pro(luction of forages. Fertility deficiences-prin-
cipally calcium and phosphorus-were corr,,cted 
aild adapted grasses and legumes were establishe,.' 
Iorage produ ction was increased significantly to 
lroduce 336 to 560 kg of animal gain per ha per 
year (In many areas andi a high of 764 kg (Cate, 
1951 ) on one well-managed plot with sheep and 
cattle grazing together. 

This increased forage production with increased 
carrying capacity made effective grazing manage-
ment more difficult. The noml)er of lambs with 
a(lequate finish for market produced per ha did not 
always keep pace with the improved yields of 
forages. The selective grazing halhits of the sheep 
often resulted in poor forage utilization, when coil-
sidered in terms o)f total production, and may have 
reduced the popIlation of the more palatable plant 
species. Van Keu ren and leineinann (1958) reported 
that lat(ino clover ini a mixture with orchardgrass 
was selectively grazed to a point of stand reduction. 
Grazing studies at the Dixon Springs Center indicat-
ed that this was equally true of other legumes in 
a inixture with some of the more vigorously growing 
grasses, such as the tall fescues, and resulted in 
a recommendaltion that pure stands of grasses or 
legumes be used for pastures grazed exclusively by 
sheep. 

The efficient grazing of these more productive 
pastures required an increase in animal units per 
ha and often resulted in forage wastage through 
trampling and contamination. High stocking rates 

an 
area while at low stocking rates higher individual 
gains occur. 

usually result in greater total animal gains from 

Heavy stocking rates, such as those made possible 
by increased forage production, in our warm, humid 
environment encouraged the rapid buildup of inter
nal parasites until usual grazing management and 
available anthelmintics did not provide adequate 
control to allow for high levels of performance in 
growing or fattening iambs grazed with ewes. Ad
mittedly, Cameron and Gibbs (1966) reported little 
or no relatiouship between stocking rates and the 
level of parasitism, but this work was with weaned 
lambs not grazed with an adult population. Shaw 
and Muth (1946) and Moles et al. (1958) reported 
that irrigation and increased fertilization resulted 
in greater carrying capacity but also with higher 
mortality due to increased parasitism. Mansfield et 

a). (1967) reported that lambs could be produced 
free of gastrointestinal parasites by management 
alone. McKibben et al. (1959) reported an increase 
of 71% in carrying capacity of irrigated pastures 
grazed by yearling steers as compared to non-irrigat

wased pastures, hut the increase in animal gain 
only 461. Since this work reported success in 
maintaining palatable forage species such as ladino 
in a pasture mixture at a 23% level after seven years, 
it Would appear that irrigation may have potential 
if the forage is grazed by early weaned lambs. The 
lambs would need additional concentrates to furnish 
some of the energy required to reach market grade. 

Even though forage yields had been increased, 
the l)roblems associated with parasitism anti preda
tion prompted the initiation of research in 1959 to 
study various traditional as well as new systems 
of lamb production. The systems were studied over 
a period of years and the initial systems are presented 
in Table 1. 

In all studies, native spring lambs sired by Suffolk 
and Hampshire rains were randomly assigned to 
outcome groups by sex, age and type of birth. The 
groups were then randomly assigned to the treat
ments listed in Table 1. The ration in Table 2 was 
fed in a creep to all lambs before going on trial 
and to lambs in those management systems in which 
lambs were fed. 

Ewes and lambs were confined to drylot until 
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TABLE 1. Systems of managing ewes and lambs had been randomly selected at the beginning of the 
study. Strongyloid nematode egg counts were made 

System l-amtis weanid, self-fed on legume past ure by the Whitlock flotation method (Whitlock, 1948). 
System 2-l"arnbs self-fed in dr yulot, u''.ss ol legume pasture Fecal samples from the early-weane(l lambs did 

during tw diLIInd rtrnetrd to the lambs during not reveal Strongy'loid nen(atode eggs until Juie 22 
the night (Ii-aml-(iu) and then in very small numbers (Table 3). Parasite 

System 3-Lamhs w.emed ind self-ftd in drylot infestation as measured by fecal egg count was also 
System 4-lanbs iand e,%%s till lgume pImtutrt' Ituutis very low for lanbs that renmained in (Irylot but were 

with the ewes in drylot at night (it-and-out system).wus in leg ii msture no creepSystemSystem 5-Lamisd il hrgue s , ()e5--la.nhs ,ind| iowv's le sp t irvlit 

System 6-l~nsree d ewes on oruhardgruss pasture, it TABLE 3. Evaluation of gastrointestinal 

System 7-Lanbs and evwes on orthlrdgriss Istmure. limis nematode infestation of ewes and lambs under
 
,.reip-fiid various systems of management in 1960
 

Syqtem 8-iitiis we ,ined,self-fed .n -rss pasture
 

System 9--Linmhs sulf-fed in dr lot. ewes oil orchardgrass Avirigi- FIt
 

plasture during the li% tl roturntl to the limbls f ,g

of Fecal SI pl

during the night Iln-a -. utits 

System 10-Approimaitely hilf )ftl limIns in s,,stems 4. 5. (i System 4-Itt 5-11 (i-22 7-12 

alid 7 were \\Itult l intl slf-It'd in tlrvlot ater 28 

d,uvs on pastur, wvith thvir ,iurs No Creep lilhs (1 0 5 8t02 655. 

System li-Ewes siparatled rotn tie ltndhs till. gria.'-d ol Ewes 7465 5711 25 0t
 

fes:ue pasture and rotiurr,-i to the linbs at niiht. Creep landlls 195 20 16321 475
 
Lambs confinedltii shlhr \ith sulf-feeder Ewes 2 06) :16112 544 56t3
 

System 12-Ewves mnuged i, outlind ,iuo . limis tivin Weaned (4 /1i) Lambs 0 0 17 35 
aucucss to high quilhtr "Il , Istlill i dition ll-aild-utu Lalbs 0 75 3(10 1 HM3i 

to sf-If-feder Ewes 2265 2067 42(0 120 

System 13-Ewves separjtd "l'.gri'd -i hgilume lstirtl. Weanled ( 5/ 16) Lambs 1) 1350 25 
returnetd to till, lhnahs 11111,01. Ildlhs~~g(d 'is
itn S 12tSIhil im niEggs ptr gran of feces by Whitlock (Whitlick, l.1411) flotation 

method. To shorten this table, lamhs wire groupeil accoiriling 
"Orchardgrass pastures rui:eiu.d t-ll. sirinis rpplication of 211( to the feuding 'programidisregarding the type if pamsture. 

pounds ammonium nitrate. 

Fecal samples :ollected on june 22 from lambs 
pastured with their mothers, showed a rapid and 
serious increase in internal parasite infestation. Fig-TABLE 2. Lamb ration 
ure I illustrates the: interaction of parasite infestation 

Amount and lamb gains. These data, although from only one 
(kg) year, are similar to data collet:ted for three yearsIngredient 

on studies of similar systems of management and 

272.2 provide evidence that internal parasites (:ln le (:oi-
Ground shelled corn 

trolled effectively without anuthemintics where Iambs113.4Ground mixed hay 
68.0 are not permitted to graze with an infected adultSoybean meal (44% C.P.) 

4.5 population.I onemeal 
I eding grade limestone 4.5 Although overall gains of lambs on nitrated grass 
Salt 2.3 were'generally as good as those by lambs on legume-
Premix f grass pasture (Table 4). this relationship was largely 

the result of superior gains of lambs on nitrated
t2205 LU. Vitamin A per kg oi ration, 

grass from mid-April to mid-line. Subsequently,441 1.1. Vitamin D., per kg of ration, 

22 mcg Vitamin B, activily per kg. during the critical finishing period from mid-june 
22 mcg terramycin .cti'ity per kg. through July. lamb gains oi nitrated orchardgrass 

decreased below those for lambs on legume-grass 
pastures; thus, more lambs of market grade and 

placed on the various treatments. While in drylot, weight were produc(ed from the legumte-grass pas
all ewes were drenched with 35 g of fine particle ture. 
phenothiazine-lead arsenate. The ewes and their Creep feed on pasture did not consistently increase 
lambs were individually weighed initially and at gains but did increase the percenlage of lamhs 
approximately 28-day intervals until lambs were reaching market weight and grade. The in-and-out 
marketed or the study terminated, system consistently produced Ile most rapid gains 

Fecal samples were collected each weigh day from and the most lambs reaching market weight aInd 
five ewes and five lambs in each lot; fecal donors grade. 
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0.35 Each of the following variations of the in-and-out 
3 500 

system were studied for two years.a 
0.30 System 11. Ewes separated from the 	lambs daily, 

3000 
on fescue 	pasture and returned to the lambs 

_X_ _ ,.grazed 
0.25 	 at night. Lambs confined to shelter with self-feeder. 

2500 
12. Ewes managed as outlined above, lambs 

2System 

2000 0.20 	 ., given access to high-quality legume pasture in addi

" o tion to self-feeder. 
System 13. Ewes separated (laily, grazed on legume 

to the lambs at night, lambs man
0. 

* 	 pasture, returned 
aged 	as in System 12. 

1963, lambs allowed access to legume pasture 
5In 

005 	 gained more rapidly (22.7% ) and required less con

centrate per unit of gain (44.7 % ) than lambs confined 
In 1964, the lambs confined 

12 to drylot (Table 5).Y3i 6/,9 
to shelter and self-fed gained more rapidly than 	the 

Data c.. lvc tig d.itv 

lambs with access to pasture in addition to being 

Ix-l ,,,' 	 t ...... .h,-- --- [--- , , gra vd with .es self-fed (14% ), but the lambs with pasture available 
gained morerequired less feed (16.811 ). Both lots 

-x -X-X l .w.. th ... 
a sim ilar m anner inlambs handled inrapidly than 

__ o t.- ,, ,,-,...... li.....- .t graz:d with ewes 	
factors contributed to 

years. At 	least two 
Ipreviousi t o th cwc.-	 (1 ) half the lambs were rams, andthis 	variation: 

(2) the crude protein content of the diet was increased 
a -, Lambs grazed with ewes were drenched on June 19 with 

from 15 to 	17% as indicated by the results reported 
fine particle phenothiazine-lead arsenate mixture. 

by Hinds et al. (1964).
Figure 1. Parasite level and lamb performance. 

TABLE 4. The effect of four management systems on lamb gains, feed cost, death loss and lambs sold 

191611901959 
Legunle

lltlnlit' Nitrali'ul ligolll' Nitralmd 
NitratedMa. l ent 	 GrassGrassGrass GrassGrass GrassSysein 

.23.19.17.24.111.111AI)(G 	 311.5 71.4 
37.5 25,0 59. 1 40.0 

, Sold 00 

Fet-d / gain ratio 4.11 0
 

-
6.36.3110)ealh loss % 

---------------------------------- .13.19.23.24.19.212 AI(; 	 66.6 71.463.655.03 1.375.01%.Sold 	 2.2 1.0.6 1.5t f
Feed /gain ratio 	 9.5 03.1 6.30 0
Death 	loss % 

.20 tt ft 
.20 .20 .19 

:1 ADCG 
5(0.0 41.9 47.0 72.0 

,;, Sold 2.33.0 
Feed/gaill ratio 	 tt 

06.2
1)Al loss % 3.1 0 

--------------
------------------------------------------------------------------------------- .23.25.25.26.22.244 ADCG 	 13.0 80.014.4 17.562.5 59.4

% Sold 	 4.6 5.34.24.3f t
Feed/gain ratio 	 2.4 06.3 06.2 0
li'ath loss % 

f al);l not available.	 program disregardinggrouped according to the letding 
.1is yshsun was not ihcluded in 1961. To shorlen this taile, lambs were 

Iwi IYipe f pasture.	 wcailned and slf-I'ed onl-Lanmbsewes cre 

Syst eis: 1- lllntus past ured with 
 ewes, no creep 2-Lmbs pastired w ith + ) 

paisture ,4-1-a-ni-Ou7 
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SHEEPAND LAMtI PRODUCTION ON HILL LAND 

TABLE 5. Feed and gain data for lambs 
managed under variations of in-and-out systems 

System IiI S%,m 1- S-vs11,11 

1963 1964 1963 1964 1964 

Averagt initid 
weight, kg 2(1.8 24.7 19.1 24.0 213.0 

Avrage daily gin, kg 
4/24-5/22 .:t0 .38 .36 .33 .37 
5/22-(6/20 .23 .21 
5/22-6/1(W .32 .24 .a 
6/20-7/25 .18 .24 
0/10-7/19 .25 .21 

Avrge .22 .32 .27 .21 .34 

kg fled per kg gain 4.11 3.63 2.84 :1.02 2.119 

47 dayvs (n tril -dat a for 47 dys.Syvste m 1:1 trm i,,,hed 

In-and-out management produces a rapid-gaining, 
high-quality lamb. Allowing the lambs access to a 
high-quality legume forage reduced the concentrate 
feed needed to produce lambs of market weight and 
grade. The system adequately controlled internal 
parasites without anthelmintics. A major disadvan-
tage is the labor requirement. The shepherd must 
be present twice daily. The time involved will vary 
with the operatir, equipment, and size of the flock, 
but 30 minutes per day should be adequate for a 
flock of 40 ewes after they are trained.floc of40th~' westain~l.TABLEfte ae 

Subsequent work has indicated that lambs weaned 
at eight to nine weeks of age and fed a high energy 
(75-90% concentrate) high protein (16-18% ) diet 
gained as rapidly and efficiently as lambs managed 
in the in-and-out system with less labor. Thus. when 
feed grains are relatively cheap, labor is scarce 
andi/or expensive, predator losses are high and the 
lamb producer is interested in developing an accel-
erated lambing system, early weaning and confine-
ment feeding may be the most profitable manage-

ment system. 
Some operators of forag.3 programs in hill land 

are limited in area and do not have sufficient ewe 
numbers to provide adequate income. Early weaning 
and confinement feeding could provide the opportu-
nity to increase ewe numbers on a given area. Dr. 
1. B.Outhouse, Purdue University (personal c:ommu-
nication), suggested an excellent forage program to 
supply the forage needs for 100 ewes and 150 lambs 
for a year on just 12.14 ha. To obtain such a high 
carrying capacity and fat lambs, it is necessary to 
seed one-third of the area to cereal crops and a warm 
season grass for temporary pastures. However, if 
lambs are early weaned and it is assumed that one 
ewe can graze in the place of three lambs, ewe 
numbers can increase by 50%. Thus, under fe .d 
and lamb prices usually existing in the Midwest, 
income per ha could be increased by $30 to $50. 

Further, the added equipment cost and risk of soil 
losses that may occur in the establishment of tempo
rary pasture may be reduced by replacing temporary 
pastures with a wintering pasture (fescue) and/or 
a legume-grass mixture which should be adequate 
for maintaining dry ewes. 

Finally, the interest in early weaning as a manage
ment practice to control larasites, to reduce prelator 
losses and to expedite accelerated lambing prompted 
studies on young lamb diets. Scientists thought that 
this very young, rapidly growing lamb need(ed more 
protein than that usivilly recommended for typical 
feeder lambs. Copenh-Wer and Carter (1968) stated 
that 15% protein was adequate. linds ot al. (1964) 
found that the rate of gain improved when lambs 
were fed a diet containing 17% crude protein. Work 
at the Dixon Springs Center has inlicated that forage 
levels in complete, self-fed diets should be between 
10 to 25!', for most rapid gains. When forage is 
limited to 10, of the diet, quality of forage seems 
to have little effect on rate of gains (']'able 6). If 
cereal grains are co ,'y in relation to lamb prices, 
lambs will gain relatively well on diets of 50 to 
60% forage, but high-quality forages will be neces
sary. Studies on protein levels of early weaned lambs 
(6 to 8 weeks) indicate the level necessary for 
maximum performance is approximately 17% of the 
diet. 

6. Feed and gain data for lambs fed 
AriousFoe atg d% ohr died 
variousforagesat_10%_oftheirdiet 

AM; Average Daily 
Forage Component (kg) F/t Intake tkg) 

Alfnfa .22 5.43 1.25 
Legume/grasspastur. .24.27 5.47 1.2a1.27Feus(;Lii clippings' 4.71 
escueant rsiduie 4.71.27 .27
 

Sobaeiu".23 5.117 1:133Corn smilk' .20 0.00 1.2(0 

Sawdust .24 5.34 1.24 

Slacked over winter. 

In discussing management programs using early 
weaning and confinement, it was not intended that 
this should detract from the value of sheep I as a 
grazing animal. They are very efficient in converting 
forages to a high-quality car(:ass that can be very 
valuable in providing the protein badly needed in 
diets of many in the world. Lambs aire capable of 
producing carcasses of market weight and grade that 
will command top prices on forages alone. In the 
United States, sheep numbers should be increased 
in relation to beef cattle numbers for most efficient 
forage utilization (Van Keuren (.,.. 1967). 

The overall purpose of this paper has been to 
outline several programs which may apply under 
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various environmental and economic conditions. 
The choice of a system in the total sheep management 
program is of less importance than a clear apprecia-
tion of the modifications that can be made. 
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Potential of 

Co. Galway, IrelandThe Agricultural Institute, Sheep and Mountain Land Research Station, Maam, 

EXTENT 


Tile National Soil Survey inits classification of 
the total land area of Ireland shows 1.4 million ha 
(21% ) as mountain and hill soils and 0.5 million 
ha (7%) as organic soils (Gardiner and Lee, 1969). 
'his gives a total of 1.9 million ha of rough grazing 
in Ireland. Unfavorable climatic and geographic 
features anti a (lecreasing population seriously affect 
the agricultural utilization of this area, and farming 
systems are relatively undeveloped. Hill land in 

Ireland occurs mainly incoastal regions an( between 
150 and 300 in altitude. 

CLIMATE 

Ireland has a wet maritime climate, and mild, damp 
weather occurs in any month of the year. Hill regions 
have a mean annual rainfall of 1500 to 2500 mm. 
Snowfalls or severe frosts are usually of limited 
duration ancd are a serious problem in exceptional 
years only. 

HILL LAND USE 


There is a concentration of population in farming, 
and this in many cases is at subsistence level. Hill 

farms account for about 12% of all farms in the 
country and they sustain 0.4 million livestock units 
or 8% of the national livestock production (Walsh 

areand Lee, 1972). Store sheep and cattle the 
long-established and traditional industries with the 
hills acting as a source of store animals for lowland 
farms where the production process is completed. 
Cattle are reared on practically all farms and sheep 
on approximately 50% of farms. Farm sizes and 
consequently flock or herd sizes are small. and 

further problems arise from fragmentation of hold
ings and communal grazings. 

THE SHEEP ENTERPRISE 

Distribution 

The hill sheep population is calculated as 0.8 
million breeding ewes. State subsidization has led 
to substantial increases in recent years. The hill sheep 
distribution pattern, calculated from the 1974 Moun
lain Lamb Subsidy returns, is shown in Fig. 1. 
Stocking densities vary greatly and are influenced 
by several factors. In many areas, under existing 
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Figure 1. Hil sheep distribution in Ireland, 1974. 

systems of management, stocking is limited to what 

can he carried (uring the winter months. This 
imposes constraints on output. particularly,;olleagkeson farms 
with it limited rea of land suitaile for fodder 
conservation. Sheep prod ct ion is also affected by 
the traditional syst em of giving all con servedI feed 
to cattle. 

In the west of Ireland, sheep are reared almost 
exclusively on the hill Under an extensiv- manage-
ment system. It is, therefore, possible to examine 

some of the geological, edlaphir: and botanical factors 
affecting their distribution in coo nties G~alway and 
Mayo (Fig. 1 and Table I). 

The highest stocking densit of .i6ha/adult sheep 
is achieved on the dry central on it extending to 
both sides of the Galwaw-Mayo border. This is com-
pose mainly of Ord ivician and Silrian sa ndstone, 
schist and gneiss. The soils are brown podzols 
and peaty podzols. and( these stupport at vegetation 
comprisedr ainly of Agrostis on ins, Nard s strict , 
Anthxanthun odoram, Sieglingia(necombens 
and Festuca vivipara (OSullivan, I96B). Further 
South in county Gaway a very low stocking rate 
of 2.5 ha /gsheep deepis found on wet peat overlying 
granite. Iere the vegetation is composed mainly of 

soil and vegetation types 

To different 

Geology Soils Vegelitlol Shiel) 

Brown podzoli: Agrostis ltmis 
S"d-o e Narus strict,ay podzols olinia vaclrlvai 

riophoruniGranite Deep peat , '_g stih o li n 

CUhuoIvulgaris
Quar, .it "Shallow peat

Skeletal peaIt Aboliosa ;awiulea 

chophorurn caiespilosurn. Schoeius lligricalis antd 
Narrthecizrn o)ssifnig uin. Dleep peat in north Mayo 
also( supports relatively low sivei) numbers. In parts 
.- Mayo andr alway, me taniorphi quartzite forms 
rough mountain peaks with shaillow ad1 skelIetal 

Soils and peaty gles. The dominant vegetatiot 
Callum i vlJ tis olini,i (:atqiJr ea iid N,.i.rdls 

stricta. Ani intermnediatei stockinig density' of 1.3i 
use. V; na\' : nlh(thef armo { a lnaniul)hnumbrs arywit

is found o these hills. 

Nutrition and Management 
Breeding ewes graze onl the hilIls for most of the 

year with limitedi to fields near,ccess improved
tfaru s e d l numers varth 

winter climatic conditions and usually average 70
75,. Store lambs of approximately 2: kgl iveweight 
are produced. Inputs into sheep are low with very 

little su pplemntary feeding practiced. 
Peart (1967 ) and his at the I] ill Farming 

Research Organization in 520t land have shown that 
hill sheep are performing far below their prod uction 
potential. To realize this potential, imniproved levels 
of energy intakeS are needed in all seasons of the 
year: at decrease at any one( time c;an have serious 
repercussions onl prod(uoctivity at other times ( Rus
sel, 1971). The full enefi of supplement ary feedig 

during late pre!gnaincy would( be obtained only in 
a situoation where energ intake dusring lactation was 
adequate to support high ni lk yields and lambi 
growth rates. 

At the Sheep anol Mountajin Land Research Stat ion 
at Ma, supplementary feeding of hill ewes luring 
preg7ancy gave the best economic return when given 
to the section of the flock in poorest cond(it ion. This 
helped to maintain body cond]it ion at at miniimomn 
level above which the flock could survive anl 
produce viable lambs. These lambs wouldod then 
respondg to forther supplementary feeding or im
proved pasture if such were avail ble. Table 2 shows 
the cumulative effects of extra energ, when fed 
before and after lambing. S ottish Ilaktiace ewes 
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TABLE 2. Effects of supplementary feed on lamb 
performance 

Supplementary Feeding 

Control 	 Pregnancy 

(no extra Late Post- and Post-
Lamh at: feed) Pregnancy parlum partum 

kg
Birh 3traditionally 

Ilirh 2:1.42 24.60 1.42 29.67 
2:1.46 24.83 211.21 29.67 

were given 20 kg of a barley/beet pulp mixture 
(a) before lambing, (b) after lambing, and (c) before 
and after la.0hing. Feeding during pregnancy had 

only a very marginal effect on lamb weaning weight 
in a situation where postpartum nutrition was ob-
viously inadeluate. With hill sheep farming carried 
out largely under a range system of management, 
mainly single lambs are produced. Such a system 
scarcely justifies the costs of concentrate feed inputs,
If they are in good condition at mating, ewes earing 

single lamhs can withstand a fair dtegree of under-

nourishment by utilizing body fat reserves, thus 
producing a vial,le lamb. This lamb will perform 
well to weaning if ewe milk yields and pasture
qualityare adequate. With pasturi improvement, ewe
body rweights also increase, giving an improved 
labing percentage andir higher energy requirement 

during pregnanc:y the following year. The first point 

in the annual cycle for impro)ving the standardl of 
nutrition would, therefore, appear to center around 
summer nutrition for the lactating ewe and her Iamb. 
At this point, also, returns on the increased invest-
ment would be imniediately \idtlt,-v 

THE CATTLE ENTERPRISE 

Statistics on hill cattle are difficult to obtain. Some 
good quality land within hill regions is devoted 
exclusively to cattle. Also, on hill fairms, one some
times find(s sheep confined to the rough grazing land 
with tihe better land and all conserved feed ia;ailable 
to cattle only. In some areas surveyed, sheep and 
cattle were farmed on a 50:50 livestoc:k equivalent 
basis. This ratio, if applied to all hills, would give 
approximately 0.1 million :ows. These are mainly 
beef ani mals, except in the southern part of the 
country whore dairying is the main cattle enterprise. 

MIXED STOCKING 

Low herbage utilization on hill pastures has been 
des(:ribedby Eadie and Black (1963). Sheep are 

selective feeders-both as to species they graze and 

in the tpart of the plant eaten. Less desirable species, 
aerileaand Nardus stricta, are tosuch as Molinia 

a great extent avoided by sheep, except in the very 
early stages of growth. But they are well utilized 
by cattle. Mixed stocking of plant communities 
dominated by these species resulted in improved 
utilization and consequently increased production
(O'Toole and Kiely, 1972). Greater sheep grazing 
activity was observed on areas previously grazed 
by cattle, and mixed grazing systems gave higher 
animal production than either sheep or cattle alone. 

When single suckled cows were introduced to a hill 
grazed by sheep, liveweight gains of 

the calves averaged 0.7 kg per head per day. There 
was no decrease in sheep production. 

However, there is a limit to what can be achieved 

with mixed stocking and increased utilization of 

hill species. Hill soils generally are low in fertility 
and stable plant communities have adapted them
selves to these conditions of low nutrient balance. 
In some cases, the survival of the individual species 
is dependent on low utilization and a return of 

nutrients from the decaying herbage. This is particu
larly true of wetland species at the lower end of 

the fertility scale. Table 3 shows the botanical change 
over a five-year period brought about by increased 

grazing pressure on a bogland community dominated 
by Molinia cacarlea.Utilization, measured as ingest
ed herbage, was increased from 17% to more than 

50%. The rate of deterioration is apparent from the 
increase in bare ground and Sphagnum species.
These effects, due to acceleration of the nutrient 
extraction process, could be counteracted by small 

fertilizer inputs. 

FARMING SYSTEMS 

It would be inadvisable to generalize on hill land 
farming systems because of the variation in soils, 
vegetation and land use limitations. The system best 

TABLE 3. Percent contribution by plant species 
in a bogland community subjected, to different 

grazing pressures over a five-yoar period 

C.rdzin g Pre,. sure 

(;r,izd hbySheep. Grazed by Cattle. 
Sp-i:ies 17% ltilizatiol 521%, Utilization 

Alinia caerihe 31 	 25 

21aigustifolimn 291 
"Fricophorurni 

i;espitos wm 17 13 
Schoenos
 

nigricuns 8 
 7 

Aturtheciun 
0ossifriagui 6 

Sphagnumn species 4 	 13
 
15
are ground 5 
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suited to each farm is an individual matter, although 
some general principles do apply. 

With traditional hill farming in Ireland based on 
a range system of management, animal density over 
the years adjusted itself to climatic conditions and 
feed supply. Inputs were low and returns were also 
relatively low. To some extent this position is likely 
to continue. Inputs will remain relatively low and 
these will have to be injected into the system at 
the point of greatest return. This should be in the 
form of increased fertilizer usage for improved sum-
mer grazing and conserved feed for the winter, 

The potential for increased sheep production on 
Irish hills appears large. This should be aimed at 
improving output per ewe rather than increasing 
ewe numbers. Cattle also present great possibilities 
for pasture control, better utilization and increased 
production. Plant species, such as Molinia and 
Nardus, poorly utilized by sheep. predominate on 
Irish hill soil types. It would be unrealistic, however, 
to suggest mixed stocking for hill land in general. 
Cattle are restricted Iy slope andi increasing altitude 
and would have to be grazed mainly on the foothills. 

LAND RECLAMATION 

It has already been pointed out that the major 
limitations in hill farming are poor quality of summer 
grazing and scarcity of conserved feed for winter, 
Newbould ( 1974) has shown the amount of thought 
and effort put into hill pasture improvement in the 
past. The integration of improved pasture with the 
open hill is of utmost importance, an(i the farming 
system and level of output achieved is largely deter-
mined by the quality and quantity of this pasture. 

Many of the drier hill slopes in Ireland, supporting 
Agrostis and Nardus, are suitable for fertilizer ap-
plication. Unfortunately. most of these are slopes 
of 20-30' which cannot be traveled by ground 
machinery. Aerial fertilizing is now a definite possi-
bility following very substantial increases this year 
in tm price of annual products from the hill. Parts 
of the foothills can be negotiated by specialized 
ground machinery, and improvement of these should 
be the first consideration. For fodder conservation, 
the flatter, wetter areas may have to be reclaimed, 
Costs are then higher and can only be justified if 
the developed area is used in such a way as to have 
maximum impact on animal performance on the hill. 

Rough grazing with the greatest potential is Cal-
hima dominant land of 5-12' slope at low elevation, 
This is being very successfully plowed and reseeded. 
The soils are usually peaty gleyed iron pan podzols 
and peaty podzolized gleys. Plows capable of plow-
ing to a depth of 60 cm or more are used to break 
the impervious layers and mix them with the shallow 
peat layer at the surface. Greatly improved structure 
and permeability results from this plowing and 
mixing. 

SOCIAL AND ECONOMIC FACTORS 
The human population of any area is its most 

important resource, and the rate of social and eco
nomic development is greatly influenced by the 
demographic situation. In mountain regions in Ire
land, the demographic characteristics of the present 
population constitute a definite obstacle to develop
ment. The vitality of a community is influenced by 
the age composition of its population. Poor soil 
resources and the concentration of the majority of 
the population in farming with little alternative 
employment have provided lhe ideal emigration 
situation. The younger, more active andI better edo
cated sections of the community lend to migrate. 
leaving a residual population with a very high 
proportion dependent on working members and on 
the State. There are few employment opportunities 
for girls in agriculture or otherwise. This adds 
momentum to the female emigration rate and de
creases marriage prospects for young farners staying 
at home. In the west of Ireland, Scully ( 1971 ) found 
that 59% of hill farmers were over 50 years and 
only 17% less than 40 years of age. 

The major problens affecting hill land use in 
Ireland are, therefore, social and economic rather 
than lack of technical data. With a preponderance 
of older people in agriculture, it is unlikely that 
new ideas will be readily accepted or implemented. 
On the other hand, the small size of enterprise fails 
to generate sufficient capital to enable the younger 
and more energetic farmer to develop and expand. 
Present incomes are far too low in the majority of 
cases to give any hope of elevation to the level 
envisaged in the European Economic Community 
Directive 159. Also, assuming that retirement 
schemes could be implemented and that land re
structuring obstacles could be overcome, there still 
would be insufficient land to give farmers under 
55 years of age the desired level of income. An 
increased flow of people out of agriculture is, there
fore, inevitable. This necessitates the relatively free 
availability of off-farm employment. Solutions to 
many of the problems must be sought outside agri
culture, such as in tourism. This is a developing 
industry in an unspoiled area which has many 
cultural, scenic and recreational attractions. First 
class fishing, game, hill walking, mountain climbing, 
pony trekking, beaches and cliffs are all available, 

On the brighter side, the organizational structures 
for economic and social development of mountain 
regions are gradually building up. Several hill farm
ing cooperatives are now in operation. These are 
engaged in land reclamation, marketing, social and 
cultural activities. In my opinion, this involvement 
of people in solving their own problems is Ihe only 
base on which development structures can be built. 
In the long term, it should have lhe desired effects 
in mountain region development. 
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DISCUSSION 
J. Eadie (Scotland). The question, with respect to 

those situations in which you get no response to 

sUpplementary feeding, is this an extensive hill 
there is a good deal of cottonsituation in which 


grass? This may. in fact, provide the reason why, 


in what is in other respects a very extensive situation, 

you get no response with supplementation because 


I wouldn't expect in olr circumstances you would 


gt much of a response with supplementation if 


significant areas of that particular palat were present. 


0 'TOOLE 

The comment is that we weigh, as you know, very 

great stress not only on the need for improved land, 

but also on the management strategy. If I had time, 
to consider this managementI Woulo( have gone on 

strategy in more detail. 
Implicit in the argument, however, is that if you 

improvementaddress this limited amount of land 
to the problem by developing an appropriate man
agement strategy, you will, in fact, maximize the 
response. And I think this relates to a comment that 
you made earlier in your paper. 

O'Toole. The first part (f your question, in relation 
to the type of situation you're in, is important if 

you're in a cotton grass situation; you do find feed 
there all the winter for the sheep. However, in that 

situation, as you very well know, you'll get a low 
stocking rate. Very much below one ewe per acre. 
So in our situation, it's to some extent on the green 
hill. What I found most interesting about this is 
that this requirement for feed in pregnancy on the 
single lamb system seems to be a ewe characteristic 
rather than a pasture feature. Where we did get 

response, it seemed to be in a small percentage of 

the sheep, which would suggest that a lot could 
be done in selecting sheep for this situation. The 

figure would go from 10 to 151% of the total flock 
and the better ewes in the flock. The problem also 

you know, by sheep pickinggets complicated, as 
out better areas of the hill for themselves, and these 
will tend to take thc winter better. All I can say 

on the last comment is that I agree with you in 

that management strategy is very much a part of 

this anti you have such variations between hill farms 

that you just cannot generalize at all about what 

you want to do on any hill farm in our situation. 
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136. 
Responses in Output Achieved from Improved Systems 
of hil Sheep Production 
J. Eadie, R. H. Armstrong, and T. J. Maxwell 

Hill Farming Research Organization, Penicuik, Midlothian, Scotland 

PART I.
 
IN THE EASTERN CHEVIOTS
 

Hill sheep farming in the United Kingdom takes 
place in a wide range of hill envionments that differ 
in climate, soils and vegetation. The output per unit 
area from hill farms is low due to low stocking rate 
and poor to moderate levels of individual sheep 
performance. Pasture production also is poor, and 
this is accompanied by low levels if pasture utiliza-
tion that occur as a consequence of the traiditital 
.'ear round, free ,raizint, set stocked svstem of 
management. Because pasture growth is greatly 
uder-utilized, there is an accunulation of dead 

herbage. which leads to a poor cyclical pattern of 
nutrition (Eadie. 1971 ). Poor individial animal per-
formance is generally a consequence of poor nutri-
lion. Information on the relationships between nutri
tion and hill sheep performance has been sum-
marized anti discussed by Russel ( 1971 ). 

The synthesis of an improved system of hill sheep 
prodluction has been described by Eadie ( 1971 ) and 
Eadie and Maxwell (1975 ). 

The basis of this synthesis is the improvement, 
by one or a variety of means, of a proportion of 
the natural intligenous vegetation. The improved 

levels -f nutritionpasture, which provides higher 
than the indigenous hill pastures. is used at limes 
w.hen its impact will be greatest on animal perform-
alice. It is grazed during lactation to improve milk 
production, early Iamb growth rates and early ewe 
body weight recovery. It is used again during the 
pre-mating and mating period to further enhance 
anti rnaintain ewe body weight and condition, and 
thereby increase conception rates. Improved nutri
lion at other times of the year leads to a need for 
improved nutrition during late pregnancy, and this 

is met by the use of purchased cereal /protein sup-
pIe rnents. 

The provision of improved pasture not only gives 
a better quality feed but a greater quantity of feed. 
This leads directly to the possibility of increasing 
stock numbers and indirectly to the possibility of 
art increase in the utilization of the indigenous hill 
pastures at appropriate times in the production cycle. 

The synthesis has been tested as a whole produc-
lion system. Scale of operation and its biological 
anti husbandry implications, diversity of vegetation 

and the fact that no twoi hill grazings are alike are 
just some of the factors which preclude the use of 
the classical "treatment and control- experiment. 

The method adopted is essentially one in which 
inputs in the form of fencing for grazing control, 
pasture improvement and feed are applied through 
time, and the response is measured in terms of 
individual animal performance and total output. 
Since total output is a function of output per animal 
and stocking rate. stock numbers are progressively 
increased to the point at which output per ewe 
declines and the change in total output is measured 
(Mott. 1961 ). Figure 1 demonstrates theoretically 
and diagrammatically the approach adopted. 

Inputs I Inputs U 

(Fencing. Reeed, (e.g- More Reseed) 

"0.- Management) 

E a 

0 

o 

" 

Total Output (Wt. Lamb Weaned) 

Figure 1. Theoretical responses relating individual output, 
stock output, flock output and stock numbers. 

The limitations of the approach might be regarded 
as serious if the changes it) output were to be in 
the region of 10-20%; much larger changes in output 
may, however, be assumred to result from system 
and input changes. 

The study is at the Organization's research station 
at Sourhope situated in the eastern Cheviots in the 
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south Of Scotland; the hill grazings are typical of 
the Southern Uplands. The soils on the lower slopes 

to be acid brown earths carrying an Agrostis-tend 
fistuca vegetation. The higher slopes and plateaux 
are Nardlus and Molinia dominant on podsolic and 

peaty podsolic soils. The Agrostis-f. stuca pastuires, 
which are often bracken covered, amount to some 
25-401% of the grazings. 'The average annual rainfall 
is 90() mm. Substantial snowfalls can occur between 

rnid-Novemher and late April, but there is great 
year-to-year variation in the frequency of snow 

stornis ;nti in the extent to which grazings are 
Covere(l hy snow. 

The application of the synthesis at Sourhope C:en-
on the use! of improved indigenoushretl initially 

hill grazings. Eadie and Black (1968) demonstrated 
that t he more intensive grazing of Agrostis-festuca 
jIast ores in if system of controlled grazing would 

but also theirnot only improve their utilization 

(luality by re(lu(:ing theitamount of dead, poor quality 
herbage normally (:arrie(l oi such pastures in the 
tra(titi()nal free grazing system. 

The area chosen for the stu(ly extends to 283 ha, 
ratnging in a*titu(e from 250-450 in. Approximately 
,40% of the area carries an Agrut.is-fest tca or bracken 
co()ve;redl Agrostis-h~stavegelation. The unit carried 
398 Cheviot sheep at the start of the study in 
Novenmher. 1968. Previousy, in addition to she'ep, 
beef cows had grazed the hill, but theste had varied 
in number and seasonal inidence of grazing. It was 

cows on(leci(lte(l t graze 24 spring calving heef 
it perimient basis frotI Maty to Ithe end of Deceitller. 

Initially tw,'o !rs (Iffgrstis-festtc, pasture, eac~h 

(if20 ha, were enclosed and heavily gritze( i% cattle 
and dry :;heep during the suniner of 968. Much 
of the dvend herbagte was retnovel, and the regrowths 

were ready for use by the ewes luring the pre-niatitng 
anid mating periods. Three further areias of 20 ha 
were enc(:os',! and treated in a similar mianner in 
1969, 1970 antlt 1972. 

To insure an effective removal o)f the (lead herbage, 
it is importinlt that tihe size of the area enhclosed 
is such that the numher of aniimals )vailible for 
grazing per unit arit is high enough for short perio(s 
of time (10-12 ewes per ha). 

The strategy wits to integrate the Agrostis-!estuica 
the open hill in thei manner alreadypaddocks with 

described: th sUpplenient winter feed during pe(rio(ls 
of slur'rn with hit\ or sugar beet pulp anid during 
the six-week period1 fore lanibing with it cereiI/ 
irttein hasetd con;entrate and to increase ewe 

nournbers to Ithe point at which individual ewve pe(r-

formian:e beIgan to decline. 
The first phase of Ihe study tok place between 

1911iland 1974. )uring this perio(l, ewe nunmbers 

were increased from 398 to 600. Figure 2 shows 
how output of Inaih per ewe and total output of 

lamh changed together with the increase in stock 
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Figure 2. Sourhope-Hairney Law Auchope. Output of lamb 
per ewe (kg), total output ot lamb (kg) and stock numbers. 

numbers. The lotal output of lamb increased by over 
80% within three nears; this was obtained from both 
increased individual ewe output and from a stocking 
rate increase of 30%. 

Output per ewe increased from 19.8 kg of weaned 
lamb in 1969 (398 ewes) to 28.0 kg in 1971 (514 
ewes) and 27.0 kg in 1972 (529 ewes). Thereafter, 
a fall in output per ewe to 24.9 kg in 1973 (573 
ewes) an( 24.2 kg in 1974 (597 ewes) took place.

The lecline in ewe performance in 1975 is ac

counted for partly 1y a fall in weaning percentage 
to 100 from 105 in the preceling year. In addition, 
mean lamb veaning weight declined from 26.6 kg 
in 1971 to 25.4 kg in 1972 and to 24.9 kg in 1973. 

Weaning percentage fell markedly to 92 in 1974. 
This followed a substantial fall in neian pre-mating 
bodl weight from 59.3 kg in 1972 to 53.7 kg in 

1973 (Fig. 3). 3y 1973, the increase in ewe numbers 
had reached a point at which summer nutrition had 
becone inadequate to promote the levels of ewe 
hody-weight recovery experienced in previous years. 

An essential element in these studies is to increase 
stock numbers to the point at which individual 
animal performance is significantly depressed. This 

had been achieved by 1974, and it further set of 
inptuts was made during that year. Two of the 

Agrostis-festuca areas were limed and fertilized with 
ground mineral phosphate, and bracken spraying 
was carried out oil one of them. Two reseeded areas 

totaling 18 ha, which had been created many years 
for the mainpreviously, were also introduced 

purpose of grazing ewes rearing twin lambs. 
'Tile effect of this second set of inputs is seen 

clearly in Figs. 2 and 3. Pre-mating body weight 
increased from 53.7 kg to 55.3 kg, and both the 
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BLANKET PEAT IN SCOTLAND
 

output of lamb per ewe and total Iamb output have 
increased. The study continues. 

60 
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PART I1.
 
ON BLANKET PEAT IN THE WEST OF SCOTLAND
 

J. Eadie, T. J. Maxwell, and D. C. Currie 

The second study is located at the Organization's By 1968, knowledge had improved to the point 
research station in the west of Scothnd at Lephin- at which the synthesis briefly described in this paper 
more, on land rising from sect level to around 500 provided the basis for a rather different emphasis 
m on the eastern shore of Loch Fvne in the Cowal to the objective, in terms of grazing management, 
district of Argyll. The average rainfall is 2000 mm. outlined by Nicholson and his colleagues (1968). 
Most of the hill is covered by blanket peat and the The significance of utilizing improved pastures dur
vegetation is dominated by heather (Calluna vul- ing lactation, and again after a mid-season rest, in 
garis), draw moss (Eriophorwn v'aginaitun), deer the period prior to and including malting, suggested 
grass (Trichophorun caespitosurn), with sorme Mo- a substantial change from previous management. It 
linia. The blanket peat vegetation is broken by flush had been the practice during 1957-61 to return 
areas carrying a Juncus dominated grass' pasture. lactating ewes to the abundant, but poorer quality, 
Some of the steeper slopes are peaty podsolic, but indigenous hill pastures during late June, July and 
the afforestation which took place on this station August when these pastures were growing rapidly. 
in the early 1950's effectively removed most of these The improved pastures tended to be undergrazed 
better areas from sheep grazing. during this period. 

The Midhill unit on which the study is based In 1968 the land available on Midhill (444 ha) 
extends to 444 ha and rises from near sea level to was as follows:
 
500 m. It includes asubstantial amount of "downfall"
 
left at the time of afforestation, as access to the higher (a). Two enclosures totaling 69 ha, 20% of their
 
grazings. area being improved as 1-2-ha patches distributed
 

A previous study on Midhill began in 1956; land throughout; 
improvement and enclosure began in 1957. Prior (b). 14 ha of enclosed, permanent but improved
 
to this, output was very low and ewe performance grass fields;
 
was poor; weaning percentages were around 50-60 (c). an improved area of 7 ha used also as a lambing
 
and stock numbers around 230 ewes. paddock.
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The remainder was unimproved indigenous hill 
vegetation-approximately 350 ha. 

In an attempt to arrest the decline in performance 
(luring the first study (shown in Fig. 1) (230-372 
ewes) and in response to the relationships between 
stock numbers and pre-mating ewe body weight (Fig. 
2) and] weaning percentage (Fig. 3), flock size had 

been reduced from 384 to 330 ewes in 1968. 
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Figure 2. Lephinmore-Midhill 1962-1968. 
weight and stock numbers. 

70-weaning weights. 
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Premating body 


During 1969, the change in management strategy 
was effected. The effec:t of this change of ewe 

became quickly apparent:l)re-mating body weipht 
for example, pre-mating ewe hody weight increased 
from 44.0 kg in Novvnber, 1968 to 49.3 kg in 

November, 1969. Consequently. the process of in-

creasing ewe numbers was begun again. This was 

done so that the effect of the changed strategy could 

be effectively tested by means of a comparison of 
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Figure 3. Lephinmore-Midhill 1962-1968. Weaning percent
ages and stock numbers. 

the relationships between ewe numbers and individ
ual ewe performance. The range of ewe numbers 
in the "new" situation had, therefore, to overlap 

and go beyond the maximum stocking rate achieved 
in the "old" situation. 

From 1969 to 1972, ewe numbers were progres

sively increased from 339 to 384. The maximum 
stocking rate previously attained in 1968 (372) was 

in 1971. 
Total output of weaned lamb increased from 7200 

kg in 1969 to 10268 kg in 1971, and it remained 
at around this level until 1974. 

Weaning percentage increased from 85 in 1969 

to over 103 in 1971, at which level it remained until 

1972. Output of weaned lamb per ewe increased 
from 22.0 kg in 1969 to 27.5 kg in 1971 after which 

it declined in 1972, reflecting a reduction in lamb 

The relationship between stock numbers and indi

vidual performance for each of the phases (Fig. 1) 

shows that the changes in management strategy 

initiated in 1969 had a considerable beneficia effect 
on both total output and individual ewe performance. 

Data in 1972, however, suggested that ewe body 

weight recovery between marking and weaning had 

been appreciably less, and that (luring the mating 

period of that production year (1971-72) ewe body 

weight loss had been significantly great,!r than in 

preyious years. Pre-mating bod% weight had de

cli ned. 
)odyThe relationships between ewe pre-maling 

weight and weaning percentage and output per 

ewe which have been obtained from data from this 
4 andflock from -1963-1974 are shown in Fig. 
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Ewes were entirely dependent on indigenous pas
28 - ture from the end of December until mid March 

0 until 1972. Since 1973, in response to storm cundi
110 ,. 26 , tions and to lower absolute body weights, pre-lanib

.. ing feeding has commenced somewhat earlier, and 
1100, 24 3 body wcight losses have not increased during this 

period.
90 Th)us the evidence strongly suggests thatt he (lde

. * cl ine in performance (if the flock since 1971 is 
o o8 associated%with inadequat levels (if nutrition (uringo~05i,,=ooo, - the sum mer while ewes are grazing the improved 

r, 0 E
7 "aM 	 pastures. There aliso is i suggest ion that stocking 

rates are approaching i lvel at which grizing 
pressure oin the indigenous hill iarea during lhe 

40 42 	 -4 46 48 50 52 54 period from wean ing toimid Septenlher is beginning 
Premating Body wt. CR91 to depress rates of vwe body weight gain. 'lhe 

Figure 4. Lephinmore-Midhill. Premating body weight, wean- in portan(:e of estihlish ing clearly tile stocking rate 
ing percentages and Iamb output per ewe. at which ressur:, onl i idigoIrs pasture leads 

to a significant declile it) tile rlle of ewe hody weight 
recovery is discussed in inore detail elsewhere ( li

indicate that performance in the Scottish lllackface die, 1976). Briefly, within thet currenlt ianagement 
ewe is very responsive to cha nges iln pre-maing strategy, there is a point (whi:h will var' from oil! 
hody weight. The next phase of the study was kind o(f hill pasture to inother) Ireyond which furtlier 
initiated and four ha of previously improved pasture increases in stocking ratei, hrought about by further 
was utilized for the first timt in the autumn of 1972. increments of improved pasture, will lead to a 
During 1973, another eight ha of ildigeno'rs pasture deterioration in rate of gain or exiacerbate ia loss 
was improved within the enc:losures which already in weight during those piriods when shlep re oil 
contained the mosaic of improved reseeded patches. indig(nous piasture. From thait point ii, ianagentlivl 

In anticipation of the contribution of these further strategy must be t:hariged to ilei ie! sitution. 
improvements, the stocking rate was in creasetd from At present, (n to whichucertainty (;louds lhe e(xtent
384 to 422 ewes in the autuminn of 1972. to 43:3 in such i point has Iben reai:he(d in the current study,
the autumn of 1973, and to 434 in the autumn of and in an alenipt to clarify the mailer the stocking
1974. Although total output reached a level of 10870 rate was further in(;rease(l to 460 ewes in the aurtuir 
kg in 1974, anti output per ewe hd shown some of 1975. 
improvement compared to 1973. there was a marked In concllusion, the response s ill output in this sludy
reduction in both total output aind output per ewe and that outlinid in Pirt I demonstrate that the 
in 1975. Pre-mating body weight continued to de- svnthesis outlined by Eiidie ( 1971 ) provides i ineans 
cline slowly during this period 11972-75). (if increasing suhstant ially the out put of lamb from 

A delayed response to the inclusion of an addi- rany of the hill and mountain araiis of the United 
tional 12 ha of improved pastur ivoul'.1-nrot have Kingdom. The ecu nuini: aspe:ts of increasing pro
been entirely unexpected, as improved pastures are du ction from hill sheep farms are discuss(d in a 
slow to come to full production in this environment. companion paper (Maxwell, Eadie and Sibbald, 
But by 1975, there was no evidence that any reversal 1976). 
in the decline in bodyvweight re(overy during the 
summer and autumn had occurred. REFERENCES 

A more detailed examination of this de;lile shows F.,div. I P1t71 tHll sht,,) pt iwmi sVOstinis fieIvelopelhwn.
that from marking to weaning, when the e,,wes are It FR () Ripl. 5. 14(7-70. 
on the improved pastures, ewe body weight gains --- 176. ,%niine riductioin sysihilns front hill country in 
in 1974 and 1975 vere akalf of those achieved in ith, I lnii-t Kingdom. Pro. Ill. Hill Lanof,idj'in., W.Va. Ihiiv.,
 
the first two years of the study (1969 and 1970J). Morgantmr.
 
The ewes are again on the improved pastures from Maxwell. T. I , Ealiv. I.,and Sihbald, A.R.1976. SoeneIcllii(nllic


implirations inl th applicatimo (if new techniques to hill Sheepthe end of September until the end (f the mating farning in the rhniled IK;ngdon. Ibid.
 
period (towards the end of December), bill the ten- Nicholson, . A.. Crre, 1). C., Paerso, 1S.. and McCreaih,
 
dency during this period is for a slight improvement 1. lI, lofn. Ilill grazing inli grn eni andllincre(ased producti)n.
 
to have taken place over the years. Scot, Agr. 47.
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137.
 
Grazing and Pasture Management Trial of Coos County,
 
Oregon, USA
 
L. Cannon 
Oregon State University Extension Service, Coos County, Oregon, USA 

The 81 000 ha of hill land in soot hwestern Oregon 
has the capacity to produce more than 5000 kg of 

forage per ha annually when soil nutrient deficien-
cies are corrected. The application of phosphorus. 
sulfur an( molylhdenuin fertilizer has madhe it possi-
he to reach this level of produ ction from subclover-
grass hill pastures within a few years. 

The climate of the area is mild, allowing 12montihs 
grazing with a minimum anount of livestock sup-

plemental feeding. inimproved hill pastures 
Support less than I sheep per ha. Improved pastures 

producing 5000 kg per ha air dry forage shou ld 

he capable of sulpporting 7 to 10 ewes per ha if 

grazing management systems to utilize this forage 
are developed and demonstrated. 

About two-thirds of the forage Iroduction occurs 

from April 1 to July I in this area of Oregon. 
Livestockmnen, after observing the results of phos-

phorts, sulfur and molybdenun fertilizer al:,plica-
ions to subclover hill pastures, were unsure how 

to manage grazing of improved pastures to ttilize 

the increased forage production. 
The need for a grazing management trial and 

was dis-demonstration in Coos Cooutnty, Oregon, 
cussed with Dr. M. D. Dawson, professor of soils, 

Oregon State University: Dr. McGuire, farm crops 

professor, Oregon State University: ;md Dr. E. 

Gardner, extension soils specialist, Oregon State 

University. After developing plans for the trial, local 
ranchers R. C. and . 1.Geaney volunteered to provide 
land and livestock for the trial. 

Four ha of undeveloped red hill soil (Dement silt 

loam) on the Geaney ranch were selected for the 

project. Located at 124' 10' W and 430 15' N the 
area averages 150 cm of rainfall annually. Average 
annual temperature for the area is 11.8 C. Soil 

are listed in Table 1. Seedbedchemical analyses 
prepatration on one-half of the area was made with 
a crawler tractor and a disc plow working the soil 

30 to 45 cm deep. The other half of the area was 

prepared by disc harrowing to a depth of 7 to 16 

cm. The area has a 20% slope to the south. The 
disc harrowed area was seeded October 16, 1970 

and, due to equipment breakdown, the disced 
plowed area was seeded October 29, 1970. 

Both areas were seeded to subclover Trifolium 
suberraniurn and perennial ryegrass Lolium 

perenne.Following seeding, the area was subdivided 
into four one-ha pastures. Phosphorus and sulfur 

were applied to the pastures at two rates-an average 

and a high rate. Each pasture received 420 g Mo/ha 

at seeding time and again in the fall of 1975. Table 

2 lists fertilizer treatments and stocking rates. 

The grazing intensity was applied at two rates
low (3 to 4 ewes per ha) and high (6 ewes per ha). 

The grazing rates were arranged so each grazing 

TABLE 1. Summary of chemical analysis of soil samples from pastures 

Patutre 

Total ilrei 

I 

3March 

1 

2 
:, 
4 
I 
2 

4 

cehtuti 

('.Acricmitil .Aut 
'lutt Acid-Fiorid 

SCurcuilln Method.
 

Date pI-
I) 

ppin 

K" 
M'q / ItOg 

Cal" 
Ntq / 100g 

Mg 
Muq/ 1(Og 

Sept. 70 
March 71 

71 
Murch 73 
March 73 
March 7:1 
March 73 

lunte 74 
jime 74 
•une 74 

re: 74 

5.4 
5.6 
5.7 
5.4 
5.4 
5.3 
53 
5,1 
5.2 
5.0 
5.0 

13 
3 
3 
7 
7 
9 

10 
8 
7 
7 
9 

1.24 
95 
.90 

1.02 
1.31 
1.18 
1.23 
.831 

1.15 
.78 

1.07 

4.1 
4.4 
4.4 
3.8 
7.0 
6.4 
7.3 
2.9 
6.8 
5.8 
3.8 

2.0 
2.2 
2.4 
1.6 
3.0 
27 
2.7 
1.1 
2.9 
2.6 
1.8 

(Bray), 
Method. 
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GRAZING TRIAL OF COOS COUNTY, OREGON 

TABLE 2. Grazing trial map fertilizer treatments 
and stocking rates 

Stocking Rat,. 
Pastt re Fertilizer Rate per ha Ewes per ha 

p s Nlo 
1 40kg 5(kg 420g 3 
2 20kg 25kg 420g 4 
3 40kg 50kg 420g 6 
4 20kg 25kg 420g 6 

GRAZING TRIAL MAP 

I 	 N 
I 

rate was applied to both levels of fertilizer applica-
tion. 

The grazing was delayed after seeding until May, 
1971, to allow pasture establishment. The pastures 
were stocked with grade Romney ewes and grazed 
year around. The ewes received a small amount of 
supplemental feed in January and February. 

Lambs were weighed individually from each pas-
ture in 1974 and 1975. Lamb weights for 1971 were 
based on an average weight for all lambs from the 
plots. Due to loss of lambs late in the season to 
predators, it was necessary to average weights of 
lambs from the pasture based upon the weights of 
surviving lambs, 

LIVESTOCK PERFORMANCE 
Animal performance was not measured the first 

year due to loss of all the lambs to predators during 
May and June, 1971. All 18 lambs and several of 
the ewes were killed by predators. In 1972, 18 lambs, 
with an average weight of 31 kg, were sold from 
the four pastures on June 28, 1972. The gross return 
per ha was $59.08 at the three ewe per ha grazing 
rate and $118.16 at the 6 ewe per ha grazing rate. 
In 1972-73, predator losses again were severe and 
no lamb weights were obtained. 

Grazing was resumed for the 1973-74 year and 
in early July, 1974, lambs were weighed individually 
from each of the pastures (Table 3). Predator losses 
made it necessary to use iverage weights for the 
lambs for the four pastures. At the lower grazing 
rates, 124.5 kg per ha of lamb was produced with 
152.4 to 240.9 kg per ha of lamb produced at the 
high grazing rate. Income per ha ranged from $107.84 
to $209.49. 

Production in 1975 ranged from a low of 136.2 
kg per ha to a high of 207 kg per ha (Table 4). 
Lambs from the higher stocking rate pastures tend 
to weigh less, but total production per ha is much 
greater. The ewes in the trial maintained better 
condition and produced heavier lambs than ewes 
on adjacent grazing areas outside of the trial pastures. 
FORAGE GROWTH 

The heavier stocking rate has the advantage of 
controlling weeds which invade pastures where the 
forage is not completely utilized. Complete control 
of bracken fern, Pterdiumn aquilinum var. pubescons, 
and wild blackberry, Rubus inacropetalus, was 
achieved in pastures 3 and 4. The forage was corn
pletely utilized and all areas of pasture were grazed, 
preventing the invasion of weed species. 

In pasture 1 and 2, some forage was unused and 
wild blackberries and bracken fern competed for 
growing space. Sheep grazed areas heavily between 
clumps of weeds bIut left forage growing in conjunc
tion with bracken fern and will blackberry un
touched. S{;lective grazing by the sheep in these 
two pastures allowed the weed sp.,cies to gradually 
take over. 

After five years observation of the trial, it is 
apparent four to six ewes per ha can be carried on 
hill pastures in southwestern Oregon if proper fenc
ing and pasture fertility are maintained. At the 
stocking rates used, there was no apparent advantage 
of applying more than 20 kg of P an(] 25 kg of 
S per ha annually once the subclover and grass were 
established. 

The heavier stocking rale has Ihe advantage of 
controlling weeds which invaded lightly grazed 
pasture. Blackberries and bracken fern were well 
controlled in heavily grazed pastures. 

Losses to pred a tory animls, mainly coyote, proved 
to be a serious problem in the trial just as it is 
a very serious problem to sheepmen in southwestern 
Oregon. The growth and development of the hill 
pasture resource and the sheep industry to utilize 
it are held back primarily by predatory animal losses. 

DISCUSSION 

W. Moser (Oregon, USA). You showed a shot on 
one farm where you had very good production of 
forage. Would you comment about the comparison 
of that particular area versus where you have these 
trials. 
Cannon. Yes, I think what you're pointing out is 
that where we had this particular trial the potential 
production in that area is much lower than it is 
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CANNON 

TABLE 3. 1974 lamb weights and values 

No. of No. of Dollar Dollar 
No, of Lambs Lambs Av. Wt. Total Adj. Wool Income 

Pasture Ewes Raised Weighed (kg) Wt. (kg) Value Per ha 

1 "3 3 2 41.5 124.5 12 108 
4 4 4 39.2 15.11 16 137 

:3 6 6 3 40.1 240.9 24 209 

4 6 6 1 25.4 152.4 24 141 

TABLE 4. 1975 lamb weights and value 

No. of No. of 
No. of Lamhs Lambs 

Pastu re Ewes Raised Weighed 

I 3 " 1 

2 4 4 2 

:1 6 6 3 
4 6 6 6 

in these other areas. So we would actually be able 
to reach much higher levels of stocking and produc-
tion in some of the other areas of the county. 

Moser. l don't really tuite agree with Lynn. I thinkthat the real probem that's involved is tht at this 

point we have not grown sulclover really success-
fully on the site that's involved. We have some other 
areas ares i te iciit grownin the general vicinity where whvegon 

it quite successfully. I think that one of the problems 
ts itnoculation. Istressedl this in my talk, ,md I think 

gneal whrewe have 

weineedsto o into addiional workin inoculation 
we need to gte into addi otenal work ioction t 
to be sure that we get the p rtential production out 
of the plants were putting there. The main thing, 
I think, is that obviously lambs produce as wel 
at the high stocking rate as the low stocking rate, 
so we probably haven't anywhere near reached the 
top. 

Cannon. I agree. I think the important thing to our 
ranchers was that even with this problem that you 
were referring to, we were able to get these levels 
of pro(uction. 

L. Ainsworth (Ottawa, Canada). Is anything being 
done, particularly in the western states, with respect 
to coyote control? 

Dollar Dollar 
Av. Wt. Total Adj. Wool Income 

(kg) Wt. (kg) Value Per ha 

45.4 136.2 9 110 

38.6 154.4 12 125 

34.1 204.6 18 166 
34.5 207.0 1f 167 

Cannon. Yes. There is a strong effort going on in 
Oregon and throughout the nation to bring about 
improved methods of controlling coyotes. Dr. Jim 
Oldfield from Oregon State is on the Western States 
Committee, which is working on predator research.One project that we're trying on this grazing trial 
One p ttha predtryin on i We al 
will be putting a predator fence around it. We are 

goingat Oregonto putState;in aitfence,,viii bethat has proved successfula 72" high fence; it will 
at Ore d Stat e t aa 72" h fee, it 

be tilted out at the top away from the fields so it 
will prevent jumping; it will have an apron at the
 
bottom to keep them from digging under. In the
 
areas where sheep production is most productive

in our country, there is a lot of predator resistant
 
fencing that is a great tool to help the government
 
trappers that we have in the area trying to , atrol
 
predators. It's a similar type of construction
 
Ainsworth. I might like to add in this context that
 

the province of Alberta has been doing quite a bit
 
of work over the last three or four years using the
 
New Zealand electric fence, and this appt.,:-S to be
 
very efficient and effective in controlling coyotes.
 
Have you tried this?
 
Cannon. There was an attempt to use it at Oregon
 
State and they said it was unsuccessful.
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Strategies for the Management and Development of Hill 
Land-Summary of Discussion Workshop 

Editor's Note: The workshop was held the evening of October 6, under the chairmanshipof R. 
Koppelman, Provost for Research and GraduateStudies, West Virginia University. 

E. DeVries
 
University of Pittsburgh, Pittsburgh, Pennsylvania, 


What alternative strategies can be deduced from 
our observations and studies? There are three main 
possibilities: 

Neglect 

It is possible 
struggle of their 
most likely will 

to neglect the hill lands and the 
people to survive. Because they 
lose in the market place, people 

will leave, especially the young and the energetic. 
After a century of neglect, the "Massif Centrale" 
in France had become almost a stonv desert. 

Absorption Into National Life 

A 	nation may wish to spend large sums to 'assimi-
late" and "absorb" the mountain people' into the 

main streams of nation-il lift. Very often this ten-
dency is seen in cases where the ethnic background, 
the language, the culture, perhaps even the religion 
of the hill land people are different. These efforts 
then may become oppressive, dominating. Almost 

they will be rejected by the proud andcertainly ther tinkng)mounainpeole.indeendnt (i 
independent (in their thinking) mountain people. 

Enabling Strategies 
These strategies would inv'olve efforts to assist 

the mountain people in self-determninat ion, self-help 
evenand progress- recognizing and allowing or 

promoting the special character of the people in 
their environment. Admittedly, this is a difficult task, 

butth smpsim ee-eimifsu mgeas
but the symposium has been-evn if submerged 
under technicicallocal, anm environmental 
problems-practically unanimous that this would 
be the appropriate strategy. This then leads to q': , 
tions of: 

FOLLOW-UP 
Members of the discussion group and other parti-

cipants made a number of valuable suggestions: 

Research 
Almost all the scientific contributions indicated 

that many avenues of researc,, need further explora
tion before we can establish sound and valid advice 
for the users of the land. This also applies for the 
interesting but complicated issues of environment, 
including under-utilization and over-utilization 

USA 

(overgrazing, etc.) which leads to erosion of re
sources. 
Communication 

There is need for continuation of the channels 

of communication-inernational, interagency, and 
interdisciplinary-which were established at this 
symposium. We felt that we know too little; we 
certainly do not know enough of other peoples' 
problems and progress. 

Comparative Analysis 
Every participant learned so much from others,

that a more syste:natic comparative analysis is need
edl. 

Thesub-arcticand cool temperate zones may suffer 
from insufficient sunshine, low temperatures, short 
growing season. On the other hand, in tropical and 
sub-tropical areas, drought, rapid decay of organic 
matter due to high temperatures, but ample sunshine 
are problems and a different "cliniate" prevails. In 
temperate zones, like many parts of the Appala

chians, South Germany and the like, the micro
climate has enormous influence on the potential land 
use. Whereas many problems of hill land are universal (small rural (;ommuinit ies, relative is',la tion, cost

so ltion a t l 	 (rallprtative 
transportation of means of production and of 

poucts) some feat ures of the nat ural environment 
(slope ancd climate) make for great dlifferen tia tion. 
Adaptation of ideas from other areas may lead to 
a variety of techniques for greatly improved econom
ic and social conditions. 

Population 
A warning was given that all hill land is relatively 

overpopulated, even at low absolute densities. They 

all are net out-migrating areas, and often earn a large 
part of their income from emigrants. Thus, unless 
population policies are assiduously pursued in hill 
land (difficult because of isolation and traditions) 
relative overpopulation may worsen. 

Land Ownership 
Perhaps one of the most critical deterrents to 

positive strategies is land owns,'ship. There may be 
absentee ownership over large areas, with tenants 
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too poor to be interested in investment. Alternatively, 
where the people cling to their land as their only 
hope, excessive subdivision may stand in the way 
of improvement. 

Absentee-ownership also may be the result of 
out-migrants holding to their traditional property 
as a safeguard in case of failure in mass-society, 
or as a home to which to retire. 

It should he kept in mind that all three adverse 
situations may exist side-by-side over a long period, 

Integrated Approaches 
Mr. Nepali from Nepal made a strong plea for 

an integrated approach, doing away in the field and 
in contact with the families with traditional function-
at divisions and subdivisions of services, 

SUMMARY OFDISCUSSION WORKSHOP 

International Cooperation 
For the U.S.A. new legislation favors the develop

ment of ongoing contractual arrangements between 
American institutes of higher learning in the area 
of food and agriculture and higher institutions in 
other parts of the world. 

Taken together, in the view of this reviewer, the 
Symposium clearly showed the way to more con
certed and coordinated research and action. Regret 
was exl)ressed that the International Consultative 

group (with World Bank and FAG participation) has 
as yet no programs dealing with the specific issues 
of people and land in hill land. 

re-Therefore, the immediate problem of strategy 
volves around the question: What institutions and 

what categories of people will keep the ball rolling? 
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