
SUMMARIES OF PAPERS
 

$NtGR4 

1981 * 

JUNE 14-24 
LEXINGTON, KENTUCKY, U.S.A. 

UNIVERSITY OF KENTUCKY
 
COLLEGE OF AGRICULTURE
 



Summaries of 472 papers presented at the
 
14th International Grasslands Congress.
 
held at the University of Kentucky,
 

Lexington, Kentucky, June 14-24, 1981.
 



0 

SUMMARIES OF PAPERS
 

' 

* 1981 * 

JUNE 14-24 
LEXINGTON, KENTUCKY, U.S.A. 

J. ALLAN SMITH'. L Editor
 
VIRHGI. W. I lAYS, (Chirnman,
 

towll;
I'llifli(ca Commit Iv'e 

UNIVERSITY OF KENTUCKY
 
COLLEGE OF AGRICULTURE
 



GREETINGS 

rhe American Forage and Grassland Council and the College of 
to co-sponsorAgriculture, University of Kentucky are delighted 

the XIV International Grassland Congress. We welcome Congress 
of*theparticipants and encourage them to savor tile amenities 

Bluegrass State. 

Grasslands constitute a great national resource in the U.S. and 

have been especially appreciated in the Commonwealth of Kentucky 

from before its official founding. Owing to the long history 

and continuing importance of grassland agriculture in tile 
and 'ts College ofCommonwealth the University of Kentucky 

Agriculture have given strong support to research, teaching, and 

extension activities related to usa and improvement of forages 

and grass lands. 

The history of the American Forage and Gra!sland Council and 

its parent organizations (lates from L944. Membership is open 

to any person, firm, orgonization, or representative of a public 

agency with a sincere interest in forages. Currently, members 

are from the U.S., Canada, and a few other countries. Seventeen 

state and provincial Affiliate Counc[ls are an integral part of 

the organization. 

We wish success for the Congress and a pleasant and profitable 

visit for participants and their families. 

Charlese'. Barnhart, l)uan 
College of Agriculture 	 President
 

University of Kentucky 	 American Forage and
 
Grassland Council
 



PREFACE
 

It has been nearly 30 years since an International Grassland Congress
 

has been held in North America, and we look forward to meeting the many
 

scientists and practitioners from all over the world who will be in
 

attendance at the XIV International Grassland Congress in Lexington,
 

Kentucky.
 

The importance of the world's grassland resources in meeting the in

creasi~ig demand for food and fiber is receiving renewe2 -cention. We
 

are confident that the Congress will contribute significantly to further
 

strengthen the forage-livestock production systems of the world and 

improve the environment in which we live. 

This collection of summaries of papers presented at the Congress provides 

a ready source of i'formation pertinent to the improvement of the world's 

grassland resources. We are pleased with the excellent quality of the 

papers and wish to thank all those who have contributed their time, 

effort and research results and ideas.
 

Robert F Barnes, President Walter R. Childers, Chairman
 
XIV International Grassland Congress Continuing Committee
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Forage Quality: Assessing the Ilant-Ani'sal Complex
 

). J. Minson
 
Senior Principal Research Scientist, Division of Tropical
 

Crps and Pastures, C.S.I.R.i. Brisbane
 

At the Sixth International Grassland Congress held at 
Pennsylvania State Cotlege in 1952, the late l)r. C.P. McMeO"-n 
reviewed the many probesms associated with the plant/animal complex. 
Great stress was placed on the need to accurately measure forage 
intake as a prerequisito to an understanding of the plant/animal 
complex. 

Progress in the devlopment of more accurte methods of 
est imating t he forage intake of grazing a ima I s is reviewed 
including tIh introduction of different methods of administering 
chromic oxide, the oesoplhageal fistula for obtaining samples of 
selectively grazed material, the iin viLro teclnique for estillating 
the digestibility of the forage eaten and the use of gr zing 
behaviour and hiLt size data. Many different methods of measLring 
forage intake are avai lable nit none of these has a high deri ce of 
accuracy. 

The alserice of i'cu rat meLthods of measuring forage intake ias 
led to use of other approanches to study the plari/animal complex. 
The existence of a critical bite size below which intake will be 
depressed is cunsidred. It is shown "aL the critical bite size 
will only be achieved whiui the yields of desired forage exceed about 
1000 kg/lha. Grazing animals prefer green leaf and in many cases 
rejcet ion of the stem arid d,2ad materiat is so great that only green 
leaf should he cansidered when deerrining if sufficient forage is 
availahl for the grazing animal to achieve the critical bite size. 
In mixed pastLure animals will tend to prefer certain speciLes aind the 
yild of these species will dutetermine whether maximum voluntary 
intake of forage wil I , achieved. The p~ssihi I ities of using 
fertilizers to change this preference rating iii favour of a plant of 
higher nitr!Livt vi lii is discussed together with problems 
associateld withi tL low iitaki of the stum fraction. 

It is concl,d tht major advances htave been made inr our 
knowleudge of the, pla,./ali Ial complex ;itndt most of this has been 
acli ieved wi lhout using accurate metlods of measnring the forage 
intake ly animals. This progress was achieyed by bringing together 
the skills of many differint disiplines and there is a continuing 
need to tuav, individual scientist!; who have trained in both the 
plit and ani mal scieces. 

Key words: intake, grazing behaviour, chromi c oxide, fcces, 
fert ilizer, odor, leaves, stum, preference. 



Use of Genetic Resources for Improvement 
of Forage Species
 

J. R. Harlan 

Professor of Plant Genetics, University of 	Illinois, U.S.A
 

The use of genetic resources of forage species poses some 

of species involved, thespecial problems because of the number 
the fact that they are ofteninadequacy of our knowledge about 	 them, 

evaluated in terms of livestockused in combination and should be 

product, and so on. Collections shotIuld he as comprehensive as 

possible at the outset of improvement programs, otherwise there may 

be 1mCh use of inferior material and much waste of time and effort. 

Most of the forage species in use come from: (a) Europe 

(excelud inmugMed iterranean zones), (b) Mediterranean Basin and Near 

East, (c) ,\frican savanas (mo,.Vly tropical grasse), :ind (d) tropical 

America (maos tly tropical le'gumes). They tend to be members of 

or plants with weedy or colonizer habits. 
development of

grazing subclimax 
Utilization strategies depenti on stage of 

unintentionally,research prog.rams: (a) useful species are 	 introduced 

(b) a range 	 of materlals is assembled, tested and selected entries 

utld, 	 (c) a breecuing program is developed using extensive hybridiza

scale team is developedtion to identify elite parents, (d) a full 

with patloloist- , entomologijsts, biochemists;, animal scientists, 

soil scientists and so on. Such areteams unlikely to develop in the 

Third World without international 	 cooperation. 
should be encouraged, and theInternational coop,.-ration 

is tile International Boardlogical coordinator at tie present time 


for Plant Genetih Resources.
 

Key words: 	 germ plasm, collections, centers of origin, plant 

breeding, biosystema tics, international cooperation. 

2 



Potcntial Productivity of Temprate and 
Tropical Grassland Systems 

G. 0. Mott 
Professor of Agronomy, University of Florida 

Grasses of temperate regions of the world belong primarily to 
the subfamily Festucoideae and tropical regions are populated by tribes 
of the Panicoideae sutifamily. Temperate grasses have a biochemicalC3 

pathway of photosynthesis in contrast .u tiopical grasses which have a 
C4 
photosynthetic mechanism. Both trnpia l and temperate legumes are C 3 
plants. Compatible mixtures of legues and grasses have long been 
successful in many temperate regions but combining grasses andC4 C3
legumes as mixtures in the tropics has been only moderately successful. 

1lax imumi net primary productions of temperate and tropical 
grasslands ire in the ord.r of 25 and 80 tons/ha/yr respectively. Thirty 
tons/ha/yr is considlred an exceptionally high yield in the wet-dry 
tropics and no more than I0 to 15 tons/ha/yr can be expected at 400 N 
latitude. Breeding of new ciItivars has a much longer history in 
temperate specie.'P than in the tropicals. Development of improved 
evaluation techniques for studying factors which affect sward per
formance and quality should result in rapid progress in release of new 
cultivars which are more productive, persistent under grazing, com
patible in mixtures and higher in quality. 

It is apparent that rates of conversion of net primary pro
duction in temperate and tropical gra,;slands to animal yield are quite 
different. Even though net primary production in tropical grasslands 
may be L veral times that of the most producti've temperate grasslands, a 
much smaller proportion of the production may be recovered by the grazing 
animal. Animal yields/ha/yr on high producing cultivated temperate and 
tropical pastures .eldoin exceed 1000 kg. Failure of tropical pa;tures to 
give higher yields of meat and milk commensurate wit their greater net 
primary production can he partially accounted for by much greater losses 
in the grazing process. Other factors are lower dai ly intakes of energy 
abov( main reliance which results in a much larger proportion of the energy 
consumed per hoctar, to be expended for maintenance rather than 
pe r -ormance . ligher fiber contents, lower protein levels and mineral 
ileficiencies are only a few of the factors responsible for low conversion 
efficiency in tropical grasslands. 

It is concluded that more nearly maximum yields of animal 
product for any particular environmental circumstance will be attainable 
when management ch,eme. are devised to match feed supply with demand, and 
recover saximom net primary production mutually beneficial to both 
pasture and animal. Other strategies are to improve the quality of 
consumed forage by genetic maniipalation, development of legume and grass 
culrivars which will coexist in mixtures, conservation of forages and 
supplying the mineral relquirements of the grazing animals. 

Key words: production, animal yield, nutritive value, voluntary intake, 
grasses, legumes, cultivars. 



Forages to Worldwidv Food Production:Contributiun of 
Now and in the F.uture 

&, F. Whood I] 

f TrO l ical 'op;; and PAs ire.;,;CSIROC ieif, I)iv i (n o-

1970's estimate{provided during th an 

in Asia and Africa compared
llerbivorous livestock 

minimum 7-17% of the total diotary protein 
and juLst over 30% in the developel

about 	 30% in LaLin America 

Cattle iccounted for approximate ly 70% of the
with 

world' 
countries. 


w.i ghteWl for sie), buffaloes
lomestic animalIs (calcu liated in rilts 

About 69% of thes- ,.,iinial units 
for 10,% and sheep od goats for 11%. 

in the dlveloping countries, but- productivity was higher ;n tie 
were ebroadly to include all edib 
dove loped Countries. Forages, doefined 

anil protein leals, provided more Liol 
plint materials except grains 

the foil energy consueiid by herb ivorou' livestock. Most of tie 
9',/ of 

uied in leveloped countries. 

Forages cii iake in important conitrilititon to future world
leedgrain wis 

food 
dairy products alt 

stip)li,is by pirovililg greater ,iisOunts of meaLts and 

also help to increase slplies of' plant
actceti)Labi prices. They can 

gra ins and other potential liuinl
titl 1 1) roeplac ing 

grown mii
foods 	 for Ivby 

foods now led to hiibivores, 2) allowing food crops to be 


for forage production (tirough increasend

tihe ,arable land noiw used 

yield of forages on non-arahl lanld) ,3) impjroving the fertility of 

iii tile ise of" fuel and nitrogenols
a rihile land, 4) a llowing econoumi es 


fortign exchange to pay for food imports.

fertilizer, and 5) earning 

l imiteil by tile
liinl)rovmntn. of forage productivity is likely to le 

and biy Lbn tlecreasing quality
aviliiiilty of laioir and capital 	 of 

alone 	 will sulstantially ihcreaS
grizing land. Population growLh 

I 'rigin by the year 200. IL will also 
tiledeiu.nd forl}ods oft mitis 

w	 tihin pu}rchasing 1 o e'r, espe cially among 
herbivore

be increiased Ibyany growl 

plwolp If the dlveloping coinriei's. lih' failuire of dlomestic 


the human iopiul tion diiring the 1970's

nuierisi to kiep pace wiLi 

forago scientists are lacing a major
indicates that the world's 


chaIl elige.
 

prot 0 ii1 foods, hierbi ivoroUs livestock, pStures,
Koy words: 


fodlder!;, feedgrains, economic development.
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Practical Livestock-Forage Systems: jodel to Manager 

R. W. Brouglham 
Department of Scienti fic and Industrial Research, New Zealand 

The deve lopment of pract ;cal lI vestock/forage systems research 
during this century is out I in0d and present day approaches are dis
cussed. Re;ul t; are also proe-ntLed for some different regions of the 
world imlicati p that LI vestock product ion le Is obta ied from 
li.ves tock/ foraro sys t ems research rem a in apprc i ahly hi ,h thanplr 
Iev.lsIF he ing obta ined from the bost farrm:eris . This type of r,,;iult 
has henCOIIobtaJ ed iop a olmhl r of diffrent research approaches. 
'Ih. valuoe of thee dIi f ferent approaches is commented pon ; is tie 
si ;nificance of the research to extenm.,ionists and managpors (farmers). 

The nted for di ffrnt love ls of research approach and exten
ion in the developm,,nt of practicail Iivestock/forage systems in 

''developin a~"asopposed to "doveloped" agpriclftura] ecollonmies is 
stressed. Th, dependence of thi!, on further research at all levels 
(specially in providing more hard factual data for all regions is 
.Ilso str,,s;eil. 

Key words: live'stock-forage systems, research inithods, systems 
research, research needs, research/extension, research/ 
fa rie r. 



Nitrogen Relationships in Grassland Eceaystems 

Alec Lazenby 

The Grassland Research Insttutite, 14ry, U.K. 

findings affecting nitrogen (N)-cycling in grass

discussed and mention is made of the increasing
 
Some recent 


land ecosystems are 


importance of modern techniques for such studies.
 

soil organic matter is followed
A brief description of the N in 

some
 

by an account of 	symbiotic N-fixation by legumes, 
including 


consideratiel of estimated levels of fixation 
and factors affecting
 

presented on N-transfer from legumes
the process. Data are 
to
 

and on the level of its availability for plant growth,
soil 

(DM) yields on unfertilized all-grass swards.
 indicated by dry matter 


grt.ss can attain its
 
Studies on nutrient uptake indicate that 


rate with very low N-concentrations in solution,

potential growth 


for
 
provided they are maintained, thus suggesting a 

possible role 


selection for more efficient conversion
 slow release fertilizers; 


by grasses of N to DNI also appears a possibility. 
Simple models
 

presented suggesting likely levels of N-recovery and N-balances
 
are 


in cut and grazed grass swards.
 

relative importance of the
 An evaluation is 	attempted of the 


grassland. The most significant pathway is
 pathways of 	N-loss ia 

levels of which are
 volatilization of ammonia causing losses, the 


to the pasture

indicated, both from excreta deposited directly 

on 

are
 

and from slurry. Losses from denitrification and leaching 


can be signififrom volatilization though they 


cant under conditions which ale described.
 
gererally less than 


as sources of N in grass-

Legumes and 	fertilizer are compared 


land ecosystems. Further quantification of 	processes and pathways
 

order to improve our
 of the nutrient in grassland is necessary in 


is,.of N in practice.
undtrstanding and enable more efficient 


Prblems are suggested for research and de,'ulopment in an attempt
 

to achieve these objectives.
 

Key words: 	 nitrogen, grassland ecosystems, fixatton, fertilizer,
 

recovery, transfer, losses, animal utilization.
 



Nultiple Use of Grassland Resources 
(Grasslands to Provide Natural Resource Conservition 

and a Quality Environment for Mankind) 

P. J. Edwards 
Ilead Pasture Research, Natal Reg ion, Dept. Agriculture 

and F islieries, Rep. S..\. 

The grasslrd ds of the world (and communities closely 
akin to them such as shruh and savanna types) provide not 
only a very effective mantle for the protection of the 
soil of the earth, but als the main source of feed for 
herbivore and cater For many other needs of mankind. In
creasing population results in competition between types 
of grassland us;e for specific sites. Sound planning in 
necessary to resolve this conflict in the way most bene
ficial to mankind. 

In order to plan logically it: is necessary to make an 
inventory of the resources;, to consider the various uses 
to which grasslands can he put and to matc the resources 
to the uses with the least- disruption of' the grassland. 
The inventory of the roesnurces should identify the main 
characteristics of the climate, soil, physiography and 
vegetation at each grassland site. Tile uses to which 
natural prasslands can be put are divided on the basis of 
the extent to which they nre disrupted. Those which main
tain the natural grassland are prazing land, habitats for 
wild animals, recreation areas, genetic pool reserves, 
water source areas; and s-everal other direct uses. The 
group of use; which result in drastic alterat ion include 
improved grasslands for grairinp and sap extraction, crop
ping and sffore;tation, and urban development. 

Thei inageieat of naturrl irir:i a vaandstt sub

ject but, one which is critical for tile ulaintenance of 
this steadily ,..terioratlng vegetation. It: is very dif
ficult to restore degenerated na,ural gra;fi]arid to its 
original composition and productivity. It i:n .suggested 
that t he most useful st;rt;i,ief available to the manager 
of natural gr;;sluriand ir frencirrr) cont ;rol of' ntckig 
rat~en, fire, stcking derintity :ind rotartion of grazing, 
and by long periods of do f'eriet fro;,, praszing. 

Tro tnaint iari ie "o x , whJi ngr;is. land ti i ni',i;! 
condition htiontit rilkei irocedlerice over reclira;ion. Tie 
reclamation off are;rn where ;,)il ioins in not excessiye 
should be catered for tefor, attention i:; give to 
severely d(egrail',d lirean. 

Three gri1,ps are idenitified in the planninP, of grass
land. Ihee ire ;rsl si scientis:, p lariner. and policy 
makers-. It. if; t.he rinpiraiiil 1it gr . and iuierti;ts 
to acquire tih nie(!!;f;;iry dtt i iand to ;ir lorint it ill an 

accepitable fton f, tehor proup:;. Ile eaifst al!o ensureto 
that hi:, voice if; toarrd when hi!; ita ti ve teinen ,loredha i 
"n the planning priic( ;:-. 

Key words:; groIsslm ;rriditilvivntorr graisl.1rllId rises, ianagement, 

riclaul t ion, planning. 
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PhjlyS; oogic(. 11d +Irphololical AIv:11m:n 1; 

for Forg,o, I iIIm)rvemo iit 

.1.1. {Co{pol,*
 

Univcrs'ty hg oktl wales, Abervswyth, 1.5. 

Forage production basically involves the conversion of en

light energy, C02, water and soil
 vironmental inputs such as 


nutrients to provide digestible energy and other nutrients 
for
 

co 
improve this conversion,

ruminant livestock. In attempting 


conconsider the seasonal inputs or 

the plant breeder needs to 

straints in his particular environment, the efficiency of the
 

factors, those physiological or 
crop in responding to these 

plant which contribute to this
morphological features of the 
efficiency, and how far they can be modified by selection and
 

breeding.
 
climatic variable determining crop photosynthesisThe primary 

and production Crcwth is the seasonal input of light energy, but
 

or even survival of the crop
in vcost grassland environments growth 

whilst shortage of 
can be limited by temperature or water stress, 

important

soil nutrients, particularly nitrogen, is usually an 


limitation.
 crop will De influ-
The net photosynthetic efficiency of any 

the individual leaves, by

enced by the photosynthetic rate of 


in relation to light interception and by the
their arrangement 

Inforage crops, the harvestable
 extent of respiratory losses. 

yield including regrowth under different defoliation 

regimes and
 

persistency, is also influenced by the partition of assimilates
 

between shoot and root development and between 
flowering and
 

Response to seasonal limitations

continued vegetative growth. 

often involves two conflicting
of temperature or water stress 

growth under moderatethe ability to continue activerequirements, 
extreme conditions, often involv

stress, and/or survival of more 


ing a degree of dormancy. Furthermore the physical and chemical
 
is important in determining


constitution of the harvested material 

intake, and hence animal production.
digestibility and 


Considerable genetic variation is available within forage
 

species for many physiological or morphological features, which
 

of to the above input, cr con
influence the response the crop 

to make use of this variation, the plant
straints. In attempting 

are most important in
breeder has to consider which features 

field, and how far rapid
determining seasonal production in the 


reliable selection criteria can be developed ,ihich compare

i.nd 

favourably with the stanoard methods of field assessment of breed

screening techniques can be of particular
ing material. Such rapid 

one major but unpreictablevalue where production is limited by 
climatic factor such as low temperature or water shortaqe, or 

assess
where rapid laboratory techniques can be developed for 

the 

At the present time the potential


ment of nutritional components. 
benefits of screening for the varijus components of crop photo

rate of the individualincluding waximum photosyntheticsynthesis moreand leaf arrangement are rathelleaf, photorespiration. 
though selection for reduced respiratory losses
speculative, 

has shown promise. 
' l 111 , 

I,-v w, rI;: ;i i IIIit i I I ( eiin : .i I :V1 ':1 , Iltl'il iw 

i on,
r'iI i '. r ;! u}%litlii it; I 1 i I i U' r•s )i 
T11 m tn t*r It r s tr~i" IIP 

Rt
 



Resource Allocation for Animal Grassland Systems 

erald W. Thoma;s 

Pres ident
 
New :-.xico State Universi ty
 

Tihe production of animal products from grasslands is dependent 
upon an adequate resource base -- particularly the availability of 
land, water and energy. In addition, range and pasture production 
systems mist be des igned to adjust to climatic variations and to 

minimize adverse environmental impacts. 
There are several new developmieua; which will have a 

significant impact oi the future atllocation of resources for animal 

agr icultu re: 

I) 	 increased competition for land and water which is leading 

to transfers from agriculture to non-agricultural uses. 
(2) 	 increasing costs and availability of "cultural energy" 

(particularly fossil fuels). 
(3) 	 More pressure to divert grains and feed concentrates 

from animats to direct hulman food, thus increasing the 
dependence on roughages. 

(4) 	 Regional and world-wide changes in types and classes 
of livestock and systems of production. 

(5) 	 A greater env ironmental awareness and more recognition 
of the role of wildlife and other multiple-use aspects 
of g ross laud, . 

(b) 	 Impacts of fast-food chains, new grading sta Jards, 
more concern for hunan health and approprin te diets 
with less animal fit. 

(7) The emerging role .,f th. Less Developed Countries as 
they attempt to offset substantial poptilation increases 
by producing more food, noving toward "appropriate 
technoloy," and utilizing new innovtions for animal 
disease control and production. 

Key ..ords: 	 natura l resources, etvironmen t water, lanl, energy, 
clt !Iat-, vegetation, animal agriculture. 
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Grassland Development in Japan
 
and Other Asian
 

Countries
 

I. Nikki 
Professor of Grassland Science, tMiya'aki University, Japan 

It was not till World War II that attention was first directed 
to grassland in Japan. Forage crops began to be grown oln dairy
 
farmers' fields for feeding cattle. Their acreage has increased, 
being equivalent to 15% of the total area of the fields. Now forage
 
is the second major crop, next to rice. On tile basis of the New 
Grassland Law which was approved ix. 1950, the "grassland improvement" 
was started and developed into the establishment of sown pastures. 
Japan, situat2d in the most northern part of the Asian Monsoon Area, 
is warm as a rule and has much rainfall. Miscanthus sinensis Steud. 
and Zoysia japonica Steud. are the representative, dominant species 
of natural grassland. Host of the ,rassland soil, supposedly improved, 
is of volcanic ash. Red clover (Trifolium pratense L.), orchardgrass 
(Dactylis glomerata L.), etc. have been settling in the sown pastures, 
%hile such temperate weather species as bahiagrass (Paspalum notatum 
Flugge) is found more in warmer regions. Because of tne Japanese 

climate, silage is preferred to hay. Making silage of high quality 
and high calory content is most important to grasslandmen. Research 
organizations have been established over the past 25 years. 'ie 
National Grassland Research Institute is one of these. As to higher 
education, the Department of Grassland Science was established at 
Obihiro University and Miyazaki University. In Japan, there still 
remain large areas of mountain land that can be utilized by grazing 
by cattle after some improvement. According to government survey, 
1.29 million ha of land is regarded as suitable for grassland. Japan 
imports huge tmcunts of feed grain, constituting a grave problem from 
the world food viewpoint. This is also the most essential problem 
concerning Japanese national security. Although the climate of Japan, 
as a rule, is favourable for producing forage, there still remain 
various problems to be solved. Most of them could not be resolved 
without systematic research. Turning to Asia, out of tile many coun
tries China, Outer Mongolia, Tli Philippines and Thailand were se
lected as examples in the present paper. It is, however, a recent 
tendency that in ITmost Asian countries the demand for milk and rmeat 
has been increasing remarkably. Thus grassland farming is attracting 
great interest in those countries. Judging from bygone experiences 
in these countries, grassland farming must be promising. The grass
lannd farlming,, in Asia probably has unique character is tics due to the 
peculiar environment of Asia. There are many difficult problems to 
he solved. To those of us, on cihe way to developing grass land 
farming, nothing ccald be of greater help than tile international 
exchange of knowledge and information. 

Key words: 	 grassland development, Asia, Japan, Mongolia, Philippines, 
Thailand. 
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1-1-1 Seealing Traits as Possible Selection 'Tools
 
For Improving Seedling Emergence of Astragalus cicer L.
 

C. E. Townsend
 
USDA-SEA-AR, Colorado State University, U.S.A.
 

Cicer milkvetch (Astra galus ci cer L.), a ,onbloating legume, 
has many attributes of a desirable forage species. Relatively poor
seedling vigor, however, has limited its Ise. Our objectives were 
to determine the variability among selected progenies of cicer 
milkvetch for seedling vigor traits in the laboratory and for 
seedling emergence in the field, and whether these seedling traits 
call be used to predict seedling emergence in the field. 

A total of 112 palycross progenies from three selected popula
tions were evaluated for seedling vigor traits at a 15/25 C temper
ature in the laboratory and for seedling emergenre at two field 
locations. IlIIall instances thre experimental design was a ran
domized complete block with four replications. 

Differences among populations were relatively small for all 
seedling traits. Mean radicle length, hypocotyl length, hypocotyl 
diameter, total seedling length, and seedling weight ranged from 36 
to 37 am, 25 to 26 rmrl, 1.19 to 1.27 nmui,61 to 64 rm, and 3.29 to 
3.88 mg, respectively. Within populations the progenies differed 
significantly (5% level) for all seedling traits. 

Progenies within populations differed significantly for 
seedling emergence at both locations. Seedling emergence at one 
location was about twice that at the other location. 

Of the 30 possible correlation coefficients between the five 
seedliug vigor traits arid seedling emergence at the two locations 
for the three popul;tions, only four were significant and they were 
of low predictive value. Therefore, seedling traits as developed in 
a 15/25 C laboratory environment were not suitable for predicting 
seedling emergence of cicer milkvetch under field conditions. 

Key words: icer milkvtch, Astragalus cicer L., seedling 
emergence, seedling traits, seedling vigor. 
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1-1-2 Germination and Seedling Est.ablishment of 

Bromus unifoloides Kunth, I.olium multiflorum Lam. 

and Fustuca arundinacea Schreb.
 

M. J. lill and C. J. Pearson
 
University of Sydney, Australia
 

is an imtxertant factor in increasing
Papid seedling establ ishnt'nt 

winter product ion of r pastures in temnperateirrigated da ir' nd ibeef 
areAustralia. 'lbis is particulaxly vo when tunperate species sod

so0i into suo)-tropicul sulner pastttUl'.. in late stulnher 01 early autulln. 

to actLive eXAnlpetition frc,n the ,trxnent ofSeedlings, a, 	subjected 
ised aillnal ryegrawsses, having

(inergence. Our aim s to c.npal'e cimnly 
to their 	suitability 

1 severi seedling vigour, with perennial species test 

for sod-sowing practices. 
Germination and seedling e.;tablislnnt of prairie grass (Bl]rus 

Italian ryegrass (Iolit multi florum I-am.
tuioloides Kuoth, 2 lines), 

and tall fescue ( Festuca ar/idi narca Schreb., 4 lines) from
2 1ines) 

the U.S.A. were e.aunined in tcnperatuireNew Zealand, Australia and 
and 30/250Ccoiit-lclcd gla.;shouses at 15/10, 18/13, 21/16, 24/19 

(cay/ni ,it). Radicatl enurgence and "field enurgence" - %Oien the shoot 

wLs greater than one centinllatre long - were recorded every txo days on 

s0eds inrpetri dishes. Seedling dry %%eightproduction (top only) was 
plants growing in fertilizfed[stL-Ulred after twnty days from sowing on 

sand. 
= 	 ))), where P is the percentageCUrv2s of the 	 formn P A(.t-exp(-k(t-t o 

at tiny- t, to is tine to first geimillation, k is a
of s(.ed geiviinated 

1Ypulation of 	 the tine to germination and 
una.,sure of tile :spread ill the 

A is tie genninability, weure iitted to the germination data. 0 
Spread of the tine to geimination was greatest at 15/10 anu 30/25 C 

21/1b amd 24/19°C for all lines. Germinability tended to
and least at 

and 'T'atna Italian ryegrasses %Qre
decline at !M/19 and 3D/25°C. Ucivex 
cosistentlv the fa stest geruilinators, While aingaroo Valley prairie 

than all other lines,gra;s (uncertified) %t.Sappreci.ably slower 
' and all tallpu.t icularly at 15/1O and 18/13(cX . .atua prairie grass 


sii lar in tine to first gernination under all

fescue Iine- were very 

tetjn4
erattue regl is.
 

for all s-pecies and lines occurred at
NL-Lxinutn seedling dry weight 

at all tnperatures.24/190C. 'l'Tau 	 ryyegflss wa- the nst produc tive line 

lines and U-ivex ryegrass were coxparable in yield
'lheprairie grass 

- AF5 and AFI 	 (Alabanni), Kenhy
from 15/10 to 	2.-/190C. 'lle tall fesues 

and were
(Kentucky) :uid Fm~eter (Australia) - had slow seedling growth 


not signit icantly di ffferent under, any tc)erature regine*. Growth
 
- pattern as 

ratos, calculated frun first cwargene , tollox.d the sane 
a - ..
 

dry 'wigit of 	 tops, with howeve, the iprairio. gr ses clearly second 

to 'l'a. ryegrass at. 15/10, 18/1, and 21/160°C
 
'Tal fescue with a stanll 
 seed and slow seedling g)%wtih is unsutable 

with a largefor rapid production fron sod-sowing. latua prairie grass 


Ce lat i vel y qdick growing seedling eoul ci prochice fc' mlquickly after sod

sow,,ing despite a slower gernination rate than Italian rvegrasss, "le
 
edling vigomu of the iryeg-asses nay be
etwen the 


attributed to Tanu being tetraploid.
 
diffeen'ml( x 


Key orcls: prairie gra.ss, Branus unioloides. Kutl, Italian ryegrass,
 

If)l iuminmlti lorum Lain., tT-cs tca arunhinacea Sclreb.,
 

germination, es tabl ishinent, temperature. 
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Dist ribution , (;ermnat in and Emer gence
1-1-3 Seed Size 

World Bluestem Strainsof Five Diverse OldCharacteristics 

C. 	 L. Dewald, R. iAhring, and T. L. Springer 

Research Station, U.S.,.
USDA,SEA-AR, Southern Plains Range 

The Old World bluestems (OWB) are a complex 
of highly diverse
 

grasses with the genetic potential to substantially increase beef
 
However, OWB mature seed
 

production throughout the Southern Plains. 


unevenly and when harvested, the chaffy seed units contain caryopses
 
to being well-filled and
 

which range from being immature and small 


large. Gemination rate and seedling emergence 
influence seedling
 

The objcctives of this research
 
establishment in semi-arid climates. 


determine the distribution of caryopsis 
size (seed classes)
 

were to 

within five strains of Bothriochloa and to measure the effect of seed
 

classes on germination rate and seedling 
emergence.
 

removed from their subtending ap-
Caryopses of each strain were 


pendages and separated into five seed classes 
with wire screens (26,
 

30, 33, 38 ard 47 sieve openings per cm square) 
and with the South
 

Dakota seed blower (air valve settings of 14, 20, 25, 30 and 400).
 

Germination studies utilized a randomized 
complete-block experimental
 

design. Replications consisted of five OWS strains and five seed
 

size classes on moistered substrates in an alternating (16 hr. dark,
 

20 C, and 8 hr. light, 30 C) environment. Greenhouse seedling emer

two seed size classes, three
 
gence -tudies included fiv 	 OWB strains, 


series and three (5, 1) and 15 mm) planting depths. Seed size
 
soil 

classes were large (caryopses which passed through a 20 and 

retained
 

on a 33 sieve openings per cm square) and 
small (caryopses which
 

passed through a 38 and retained on a 47 sieve 
openings per cm square).
 

a randomizeo complete-block

Treatments were arranged factorially in 


experimental design with eight replications.
 
size distribution in all 


Seed classes displayed a unimodal 	
five
 

OWB strains with larqe differences in distribution patterns among
 
seed classes ranged
Average caryopsis weight in the small 


from 0.10 to 0.25 mg per seed compared to 0.36 to 0.54 mg per seed
strains. 


Three to 32% of the pure seed content of
 
in the large seed classes. 


in the small seed classes. 	Germination of
 the strains studied were 
 38;;) in comparison
seed classes was low (0to 

caryopses in the small 


,arge seed classes (48 to 87%). Seedlings from the large seed
 to 

five strains emerged at a significantly 

faster rate than
 
class of all 


seed class regardless of planting depth or
 seedlings from the small 

Three of the OWB strains had significantly higher total
 

soil series. 

seedling emergence from the large seed class; whereas, seed size did
 

seedling emergence from a particular
not appreciably affect total 

in the other two OWB strains.
soil 

Seed class distribution was highly variable among the strains.
 

The distribution pattern of 	seed class, 
by strain, influenced the
 

The distribution of seed
 
rate of germination and seedling emergence. 


classes, germination, and seedling emergence characteristics of a
 

particular OWB strain should be considered in estimating the planting
 

quality of these grasses.
 

Old World bluestems, Bothriochloa sp'., caryopsis,

Key words: 


germination, emergence.
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1-1-4 Selection for Bluegreen Aphid Resistance 
in Subterranean Clover 

D.J. Cillespie and J.D. Sandow 
Department of Agriculture, Western Australia
 

Bluegreen aphid (D.G.A.) 
(Acrythosiphon kondoi Shinji) has
recently arrived in Western Australia and poses a serious threat
to some 7 million hectares of 
legume based pastures, 93 per cent
of which is sown to subterranean clover 
(Trifolium subterraneum).

Two experiments were conducted over 
the summer of 1980 to
investigate the resistance of commercial cultivars and breeding
lines to B.G.A. In 
the first experiment, 18 commercial
 

subterranean clovers, three commercial medics 
(Medicago spp.) and
one serradella (Ornithopus compressus) were tested 
as seven wpek

old plants. 
The second experiment tested a total 
of 67
selections, breeding 
lines and commercial cultivars as 
seedlings.


Plants were grown in 
aphid proof cages in controlled

environment conditions with 
]8oC/]0oC day/night temperatures.

Aphids were applied at the commencement of each experiment and

plant damage was monitored at 
weekly intervals. After four weeks
almost 80 per cent of 
the varieties tested showed damage symptoms

ranging from some dead 
leaves to death of all 
plants. Symptoms
did not develop at the same rate on 
all varieties. 
One commercial

cultivar and one overseas introduction showed 
a high level of
 
tolerance to B.G.A.
 

The relevance of these screening experimonts to D.G.A.

effects in the field is discussed.
 

Selection for resistance among the 6,000 genotypes comprising
the National Subterranean Clover Collection requires rapio
easily repeatable assessment criteria. 
and
 

The techniques used in
these experiments are based 
on both plant damage and survival and,
when used for seedling screening, are well 
suited to handling

large numbers of 
test varieties.
 

Key words: bluegreen aphid, Acyrihosiphon kondoi Shinji, resistance,

subterranean clover, T'ritolium subterraneum. 
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1-1-5 A Study of the Breeding Potential of a
 
lopulation of Al fa I f (Oledicago sativa L.)
 

S. R. lBowley 
University of Cuolph, Canada 

improve. culttvars are the goal of all forage breeding
 
programmes. in 
 alfalfa (Mledicago sativa L.), large improvements 
have been made !n pert resistance and stabliIty of performance but 
very little 	 in yield potential. This lack of improvement in yield 
potential may be jue to yield aelection under non-competitive 
condittons. The objective of thllaS tudy was to evaluate the 
breedtng potential of -!n alfalfa population when selection was 
based on performan:e tnder competitton. 

A hetorozygoti. alfalfa population, consisting of F, 
families from crosse:' between synthettcs BWI. and BIW9, was used in 
the study. 	 The F 1 fan, I ies and tolyros-a progetnies of random 
plants from 	within each FI family were evaltated in a simulated 
sward uinder 	 growth room conditions. Dry matter yield was measured 
over three harvests. Tile additive and digenic variances and the 
narrow-sense hertabIllty for dry matter yield of the F 1
population were estimated from the analyses of variance. A number 
of six clone :,ynitetics were developed from the population toF1 
determine the rospon se to soleL.on. 

The esti 't of additive variaice were significant for dry 
matter yield at the seond harvest and for the total yield. None 
of the di genic varfiance estimntos were significant. This 
Indicated that the genretic vatrice fi this population was mainly 
additive, with a narrow-sense beritabity for total dry tmtter 
yield of 15%. 

Tile genetic coefficient of vnriation uas greatest within tie 
original plpulation of Fl families. Significant, positiye 
correiat Lea i betweeti the F, pOptll'ation ald polyeiroas 
progeny hid; ;tttd Lite signi ficart additive variance present
indIcatd a potential to inprv( the F1 population throuigh 
pheno typic ittisss se Iec Lion. 

Compiariioats hotwoen the oxptr inontal. synthetics and an 
unselectod bullk of ;allFi ;'amilies indicated that no re:ponse to 
selection wma obtained. Although the mean yield of four 
ryntheti(-s, att the Syrt-3 genera tlon, was 7, above that of the 
bulk, Lthis difference wa;s tot signifficant. Further cycles of 
selection or a change it the exlortmental des ign may be required 
to do torL dii feroeites. 

:sood tipotI these, restul ta, o;electlott gins for yicld coitid le 
rimdo in this pptilt ion of illfalfa. Further cycles of mass 
selr tiou, cottllI:cLd tilet(fr ;ward rottd tions, is warranted. 

Key words: 	 alfalfa, Mledicago uativa L., syntittics, yield, 
so cLiot, ,V~r lances, 
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Cultivarsof New Subtirranean Clover 

for South West Spain 
1-2-I Selection 

and Alvaro Ramos MonrealPitera 

INIA - CRIDA 08, Badajoz, Spain 
Carlos Gomez 

the present situation of subterranean 
This paper describes 

done to
the research that has been 

cl.over based pastures iii Spain, 
needed 

date, and the Spanish Progranmne for selectingand producing the 

clover.
adapted varieties of subterranean have been sown to subterranean

half million hectaresMore than a 
greater. Several

potential is considerably with anin Spain but the in South West Spainclover are devoted to grazing
illlion hectares 


hectare. Meanwhile,
 
average stocking rate of about 1.5 sheep per 

clover have
their land in subterraneana offarms which have part 

commercial 
up to 4.5. Nevertheless sowings using

stocking rates Studiesin many cases. 
Australian for this. 'he patternhave failed to persistcultivars 

the reasons 
have been conducted to investi gate 

theiii the open, 
of hard seeds under sunIuner temperat tires 

of softenian ver.mus Australian envi
differences in maturity gradet under 

types and the potential of
Spanish 

locally adapted
riximts, the maturity of 

have been studied
of T. Itrochyraycinum
the alfinost fori;ottotn specie'; 


in lladajo, Spain. 
for a selection pro

ben made availablebani.k hasA i,orinplastl 
a wide genotype
havino
introductioinsgramle, with nearly 2,00) 

I was 
te for Subterranean Clover
Pro'ramm
Select ion 
representat ion. A 

source of material to
 
"plasm tark ,isa 


in 1977 using our ,er-r
started for perhave been selected 
pure lines. Specific criteria 

screen out 


s istency and quality.
 
in field olivenza,e:tch ear the at 

lundreds of line; are ;own 
plants


soil with irrig.ition facilities. Spaced 
Spain, in a proper 

t separating;
oil by' ott to ,,istir purity and 

of each litie are chtlk'.d 
if ;Ich linie ar recorded durilg

whell nc ;slr. Dataof sublineis and agro
the whole life cyclI spec iI, l r l to its morpholog ic 

c ' ar, so%'m ill ;mal1c s,,lectionseristn s. i'ira;tpit, rat ito
nomic chara to becontinue 

;ll, agritooi chiarac trs 

plots to 
 !th andincre.ase 

'I in these plots.
is ag, in care fully theelrecordld. Purity 

be tested in pure and 
of soclected lines wi ii 

A limited number 
testing and
places for final 


mixed swards undor grazing in various 


will be selected for commercial testing.

varietiesprecommercial 

adaptability,
suitte rranean clotver, stocking rate, 

Key worIs: 

morphologi characteristics, agronomic

selection, 
characteri:; tic;.
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1-2-2 Breeding for Disease Res is;tance in Red Clover 

R. I. Smith
 
USDA-SEA-AR :tn! Univrsity of Wisconsin, U.S.A.
 

Diseases incited by fungi and viruses cause substantial annual
 
lc.ses in the production and quality of red clover 
 (Trifolium pra
tense L.) The most
forage. feasible means of controlling red clover 
diseases is to incorporate genes for disease resistance into agronom
icaily acceptable cultivars or to develop new germplasm with disease 
resistance. Phenotypic recurrent selection was applied to red clover 
populations to germplasmdevelop resistant to northern anthracnose
(causal agent-Kbat iela cai ivora (Kirch.) Karak.), powdery mildew 
(causal agent-Erv'sipl-e p_._oniDC ex St. Amans), target spot

(causal agent-Stemphiyllum sarciniforme 
 (Cay.) Wiltshire), leaf rust
 
(causal agent-UroLvmces tr-if--- DC) Lev jar.
oli--(itetdrow. f. ex fallens 
Arth.) and clover rot caused by Fusar iUm spp. The s|,-cific st-ps in 
re procedure are outlined, and the methods of preparing and apply
ing the respective inoculum are presented. Aftc:.r five cycles of 
selection for resistance to northern anthracnose and leaf rust, 100 
and 85Z of the plants were resistant to the respective diseases. 
The population was improved for resistance to tariet spot after two 
cycles and to powdery mildew after one cycle. For those diseases
 
for which resistance is controlled by dominant genetic factors, 
progeny testing within each cycle would result in more rapid pro
gress per cycle. In addition, potental selects could be evalup-,ed
for agronomic performance while progeny testing is being conducted. 

Key words: forage breeding, Trifolium pratense L.., Phenotypic recur
rent selection.
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1-2-3 Genetic Resistance to Kabatiella caulivora
 

in Trifolium subterraneum
 

P. E. Beale
 
South Australian Department of Agriculture
 

scorch caused by the fungus Kabatiella caulivora is a
Clover 

in southern 	Australia on subterranean clover (Tri
serious problem 

a problem in
folium subterraneum). The disease is particularly 

areas mm annum) and there is an urgent
higher rainfall (>500 per 

aim of this 	research program was
 need for resistant cultivars. The 


to examine variability in resistance to clover scorch in subter

ranean clover, to investigate its inheritance and to determine
 

strategies for breeding resistant cultivars.
 
The pattern of disease development was studied in detail in the
 

field and three disease parameters, Total Disease Development (TDD),
 

Several genotypes exhibited levels
 Rate and Delay were calculated. 

ensure minimal losses in pasture producof resistance adequate to 


in the pattern of disease deve .,ment

tion. Considerable variation 


highly correlated with
in different genotypes was observed. TDD was 

a single measure of disease resistance taken in the middle of the 

epidemic. 
of the fungus was observed, but

Some variation in pathogenicity 
of the fungus and host genotypesbetween isolates 

was detected. 
no interaction 

tehhnique for screening seedlings for resistanceA glasshouse 
to have potential

to clover scorch was developed which appeared some 
not sufficientlyin predicting field resistance. The technique was 

precise, however, to allow selection for resistance to be carried
 
useful as an initialout solely in the glasshouse, but it may be 

screening prior to field testing.
 
infection over a range of environments
Comparing responses to 


showed that the relative levels of resistance of most genotypes were
 
var

fairly stable. An analytical technique, based on analysis of 


process, was developed which permits

iance followed by a ranking 


between environments utilizes
and quanti
a comparison of rankings 
tative varia'.ility to determine significant rank order. The results 

over a range
show that potential new cultivars need to be evaluated 


of environments.
 
Diallel analysis of F2 swards indicated that variation in dis

resistance are dom
ease resistance is heritable and that genes for 


inant. A study of F, and backcross populat ions, measured as single
 

plants in the field, indicated that there is a single major gene
 

which dominance. Differences in resistance
for resistance exhibits 
between moderately res istant and susceptible lines appeared to be 

genes of rinor effect. I- was concludeddetermined by at least four 
could best be combined with superior agro

that ,-ffective resistance 

nomic characteristics by backcrossing.
 

scorch, Kabatiella caulivora, subterranean clover,
Key words: 	 clover 


Trifol ium subtorraneum, res;itace.
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1-2-4 SutobeLrr;lacall CI over hup rovement 

An AistIraI a ni llro ramtiie 

W. R. Stcri,, Ulnive~rs; t , (){"I' ,;lt~l'j i tl¢~~[ ;; j. S. (;ladlstonies, 

C. M. Franc is, It. J. Collins, ). L. Cha:tel, I). A. Nicholas, and 
1). J. GiIll p je, lestern Aut; t lia D)lpartmuert of Agriculture; 
F. C. tolfe anid C. R. ,ouLthrwood, Now South Walt,% Department of 
Agriculture; I'. E. ,LeI, Souti Aus;tralian Iepartment of Agri
culture; B. C. CUrmaw, 1Victorian (ir'partmeneu of Agriculture,
 
Auis t ral ii
 

At the eleventh International Grasslands Congress we
 
reported on a subterranean clover improve,ae-t programme being
 
dev,-lped jointly by 
the University of Western Australia, the
 
Western Australian Department of Agricultur! and the CSIRO,
 
Division of 
Plant Industry, Canberra. Since. 1970, the programme
 
has grown to become the National Subterrar.,an Clover Breeding
 
and Improvement Programme and collaboration now also extends to
 
Departments of Agriculture in the states 
ot New South Wales,
 
South Australia and Victoria. The programme is supported by the
 
wheat, wool 
and meat producers with contributions from federal
 
and state government sources.
 

Since 1970 the objectives of the programme have berome
 
sharper as 
a result of agronomic and physiological studiess
 
and farmer experience. Factors 'lot armjiung the adaptatiooi of
 
strains can now be better defined. 

In addition to the major selection criteria of environ
mental adaptation and low formononetin, further criteria have 
been incorporated including tolerance to Kabatiella caulivcra, 
root rots and aphids.
 

Research to support the breeding programme is being under
taken on a wide range of topics. 

A gene bank of over .1000 lines has 
been developed. Obser
vations are maintained in accordance with the practices of the 
International 
Board of Plant Genetic Resources.
 

Since 1975, three crissbreds (Esperance, Nungarin and
 
Trikkala) and one selection (Larisa) .lave been released as
 
commercial cultivars and several 
lines are at an advanced
 
stage of testing.
 

Key Words: 	:aubterranean clover, Trifolium subterraneum, 
ssp. subtrranoumn, brachycalicinum, yanninicum, 
breeding, genetic resource, EXIR, formenonetin,
 
clover scorch, Kabatiella caulivora, aphids, 
root rot.
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1-2-5 Evaluation of Aphid-Resistant Lucernes from 
the U.S.A. in the Queensland Sub-Tropics 

F. Lowe 

Department of Primary IndustriLs, Queensland, Australia 
D. Gramishaw, D. L. Lloyd and K. 

The occurrence of the a;otteil :if:ilfa ('Dherioaphirs trifolii 

(1onell) F. maculata) and blue-gr(.n ( rcyt!o:;iihon kondoi Shinji) 
fieimportation of :a.hid

aohids in Australia in 1977 led to 
Csva L.) from the U.S.A. Our(:.
resistant lucernes edicaro 

evaluate the relative productivity, winterto 
dormancy, persistence 
objectives '..,ere 

ana dineuse reeistarice of 2!, American and 

rwe:o ipnicidil treatoent.Ia ,i' without5 Atustrali-an tye 
7 	

,e 

tihen;eetin! year from two 
resault: obtained urin 

7itton, 17°,5-i) and two 
sumrarise 	 '
 

irrigated (diloLin, I:at. 140 ' and 

i'oomwoia, ?703 ) represeritative of 
rajifed sites (iiloela' ind 

lucerne g]rowing area!3 in ,ueei.slaid. 

winter 1V,? :ilad all treat:eats were protected
Planting; :i,s in 

first surmier,
against aphids in tne suediinl rpnase. ourinf- the 

to the stand debilitting pathogens whytoahthorareactions 

var o and Colletotrichum trifolii, causing root rot 

measerma 
"and ntracoe own rot reectivly, 	 were ases.;ed. ?elative
 

yield of tnree consecutive
from cnnulativedormancy wan deter:i jned 
winter hairvest5.
 

ina hid nimbern; duriia ortaoiimlent , only minor

.iespite hi 

/ eriotypes either treated
infestations occurred sulbe ient ,i. 

or- p erformed :;imilairly. rirst year dry
with a ihicide untreu 


irriation rarin'ej amona 
-enotypes
matter rrodtacton :athi leia 'ti 

from 19 - ho t ha- (10 harve:;ts) and 4ln; correla ted r =O.92) 

with winater aorc::,nc. Austral!in and Amerci i genotypes belonging 
ced yields. At 

to equivalent dor:.an' classes 	arod nimilar 
-


t harvests') i itil yield
Gatton the yield ran.'e wan o -	 16 ha " (9 

and relttivepartially correlated with dormancy (r = +0.71) 

-0.70). At thi" site the
 

susceptibility to h'hytohhor'a 	 (r = 

poorLydue to their hIn a


Aurstralian cultivar:;;err'ormed 
Annual yield; at rainfed sitese'hyto ,hthora.susceptibility to 

where there-77--tIha- harvests) at Biloela, 


wan no obvious relatio,;nip a itw' eenotyic 
t 1
 

varied between 5 	
 enyield aid -

Cly between 11.5 - 14.5 ha 
ani non-sienifi'c:characteristic;, 

ei - and non-dormant imported
(6 hrven ts) at i'oowoomi.,i. ,1] tiie 


nad inferior rtoi*'ace 
 Ca Colletotriciiwm coi:.pared with 
_enotypes 

iiunter :diver.
 

renults cornfirmin, "r ',oo;,torn-rc;;i.ant 
 enot ypest 
ho

Our earl' 
are adwitaceo fcr lucerne prod,ction, ii the troiin. IN-


of ,rcian i-,erioty'e: to *olletotrichum :'iso

suscentihility 

'u,.atn tan il;n .ved lonr]-term .rsi:;teace
andl prodiuction of 

diPn'denit on the development of 
lucerne in our envirorn;ent remir 


multiple di;eas; ano neat r'e.aiatat .e:.ot'/,es.
 

;;t'."' a)roduction, dormtancy,
Key words: 	 lacerne, ehic." an L., 


Pi Co: tnora', olletotricium, aph ids.
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1-3-1 Second Generarion Frogeny Tests for Forage Breeding 

R. P. illl, Jr. 
U.S. Regional Pasture Research Laboratory, U.S.A. 

Second generation progeny tests were defined as the evaluation 
of polycross progeny of plants from a set of first generation

families. 
 Selection would be done in two steps; identification of 
first generation families with superior average second ,eneratio'l
 
family performance, fol owed by selection of superior second
 
generation parents 
within tile superior first generation families. 
1,emnant seeds of superior first generation failies could be used 
to initiate improved populations and cultivars. Second generation 
progeny testing was studied as part of a continuing search for
 
selection methods that have the following 
 properties: (a) are at 
least as effective as polycross progeny test selection for all 
levels of heritabil ity; (b) do not require production of large 
quantities of seed by hand pol Ii nation; and (c) permit storing much
of tile germplasm as seed instead of clones. 

Theoretical changes in gene frequency with second generation 
progeny tests were computed for diploid and autotetraploid 
populations in which the first generation families were polycross 
progeny (h'xh'x) , fii l]-sibs (FSPx) , and sel fed famil ics (Slh'x) . The 
methods used were an extension of those that appear in the 

uanltitative genetic literature. 
Theoretical response relative to that of the single generation 

methods commonly used in forage breeding depended on the number of 
parents used per first generation family. Theoretical response
with PxPx and FSPx selectioi was always greater than that with 
polycr.ss progeny test or full-sib fimilv selection, respectively, 
when the number of parents per first generation fam5lv was greater
than six. Differenceq in relative theoretical responses for PxPx 
and FSIx select ion were smai I. The required minimum number of 
parents per first jgeneration faiily could not be computed for SlPx 
select ion. 

Key %,ords:	progeny test, breeding methods, :etitabilitv, forage 
breeding. 
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Alfalfa
1-3-2 The Problems and Future 	of Hlybrid 


Breeding by Use of Male-Sterility 	in Japan
 

K. Suginobu
 

National Grassland Research Institute, Tochigi, Japan
 

bv using male-sterile plants is one of the way's to 
Hybridization 

without e.asculation problems. The purpose

of this paper are tr discuss the 
utilize heterosis di ' ctly 

problems and to visualize a future 

sativa L.) breeding by use of male
of hybrid alfalfa (MI 

sterile plants in Japan. 

Based on the apparently different segregations of the Fl s 

plants with cormnon paternal plants, three types of 
of male-sterile 

Among them, cytoplasmic male ste

rility is most promising for hybrid alfalfa production. Expression
 
male sterility were identified. 


sensitive to environmental conditions such as
 

therefore.
 
of male sterility is 


growth temperature. identification of male sterility, 


different conditions.should be carried out repeatedly under 

in seed size, early growth and forage yield

Apparept heterosis 


seems to be 
wer found in F1 hybrids. Ileterosis effect on seed size 

Suffi
very important to subsequent early growth and forage yield. 


of male-sterile plants crossed with 

for the higher cost of seed production. 
cient heterosis among Fl hybrids 

normal plants will compensate 

(GCA) in riany characters was more


Ceneral combining ability 
(SCA). Selection for SCA

important than specific combining 	ability 

therefore, should be based on the


in heterosis breeding in alialfa, 

From the results, it is


ronsideration of additive gene action. 


evident that !election for 
 GCA would be carried out first and sub

be carried out in the re
sequencly ti.e selection for SCA should 


stricte-' :,-pulations.
 
Bee visitation on male-sterile 
 plants was not inferior to that 

However, seel yield of i,-,nle-sterile plants was 
on normal plants. 


plants. Effici,ncy of bee

generally inferior to that of normal 


seem to be of greater significance than frequency

visitation would 

seed fertility among maleof bee visitation. Great variability of 


sterile plants suggests a need for effective selection for this 

character. 
serious problem in the utilizationCost of seed production is a 

upon ever-seas ptoduction
of hybrid alfalfa in Japan, which has relied 


Hybrid seed production from pa
for multiplication of hybrid seed. 

and inappli
rental clones propagated vegetatively is too expensive 

o normal parents should therelines of male-sterile 


fore be utilized for production of sced of alfalfa 

,atole. Inbred 

hybrids. 

hybrid seed production,
Key words: alfalfa, Iledicago sativa L., 


male sterility.
 

22
 



1-3-3 
 Root Diameter, Nematocdos, and Soil Compaction

Affect Forage Yield of Two Tall Fescue Genotypes
 

C. Bruce Williams, C. B. Elkins, R. L. Holland, C. S. 1loveland
 
and R. Rodriguez-Kabei~n
 

USDA-SEA-AR and Auburn 
university, U.S.A.
 

The effect of soil compaction and nematode infestation on both a
large- and small-rooted tall 
fescue (Festuca arundinacea S'hreb.) 
was

evaluated. 
 A factorial 2 x 2 x 2 randomized-block experiment was
conducted in 
a soil with a 
tillage pan and a nematode infestation.

The large- and small-rooted tall 
fescue genotypes were planted in two

soil treatments 
in four combinations: conventional tillage (plow [20

cm depth]-disk) without 
fumigation; conventional tillage with methyl

bromide fumigation; deep tillage (subsoil [38 
cm depth]-disk) without

fumigation; and deep tillage with methyl bromide fumigation. 
 The
 
genotypes exhibited no differences for water loss 
(leaf diffusive

resistance) or soil-water extraction ability. 
On a tillage pan, the

large-rooted genotype had superior root penetration, forage yiid,

persistence, and sward cover. 
 Nematodes preferred the large-rooted

to the small-rooted genotype. 
These data indicate that forage yields
of tall fescue can be increased by b. ceding for specific root system

characteristi 

Key words: tall 
fescue, Festuca arundinacea Schreb., 
root size,
 
forage yield, nematodes, tillage pan.
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Pooling the Genet ic Resources of ti1-3-4 s -
Crested Whietgra Species-Complex 

K. II. k, ;ay and 1). R. Dewey 

Utaih ,qt:it, 1njivrsi ty, U.S.A. 

Gaertn.,
The crested wheatgrasses--Agropron cristatum (L.) 

Link), and related taxa--comprise a series
 A. desertosum (Fisch. ex =
= 
 28). and hexaploid
of diploid 2n = 2x = 14), tetraploid (2n 4x 

(2n = 6x = 42) forms. Dewey (1974) concluded that the same basic 

genome, modified mainly by structural rearrangements, occurs in
 

the three ploidy levels. Hc has proposed that breeders should
 

expand the genetic base of their breeding populations 
by treating
 

species in the complex as a single gene pool.
 (N4x)all 
Gene flow to the 2x level from tetraploid A. desertorum 

to produce

has been restricted by the failure of N4x-2x triploids 


(1971) found that triploids
functional reduced gametes. Dewey 
from crosses between colchicine-induced tetraploids (C4x) and 2x 

A. cristatum produced a higher proportion of functional reduced 
Dewey (1977) successfullythan their N4x-2x counterparts.gametes 

used these triploids in a backcrossing scheme to transfer a 
from the 4x to 2x level. The procedure lends 

recessive marker gene 
the highly


itself to introgression of other agronomic traits to 


uniform 2x level. 
to convey germplasm
Several approaches apparently can be used 


from other ploidy levels to the 4x level. Dewey (1971) 
concluded
 
(N4x-2x)-l4xthat stable 4..populaticns could be derived from 

The most promising int-rploidy breeding
backcros progenies. 

Dewey and Pendse
rrosses.
populations have stemmed from C4x-N14x 
 sub. tantially more

(1968) found that many C4x-N4x hybrio were 
Also, the C4x-N4x hybrids
vigorous than their parental clones. 


were relatively fertile and preliminary ri-ults indicate that 

selection for improved fertility would be effective. Dewey (1969)
 
from

reported that stable 4Y populations could be obtained 

6x-C4x and 6x-N4x pentaploids through selection and hybridization
 

with 4x derivatives. Dewey (1973) and Asay and Dewey (1979) 
crosses
 

found that 6x-2x tetra'loids could successfully 
be used in 


from three ploidy levels
with N4x tetraploids to combine germplasm 
at the 4x level. 

Fully fertile 6x progenies have been obtained in first 
(Dewey 1969, 1974). Results

generation Ex-4x backcross progenies 
studies also indicate that 5x-5x crosses will

from Dewey's (1974) 
is agronom

yield fertile 6x progenies. However, the 6x material 

ically inferior and probably does not warrant a major breeding 

effort. 

Key words: Agroprop 
ox l~i o 

n cristitunt (L,.), 

rass,; broeg i 

Agropyron des rtorlm (Fisch 

tg,i ,trogr.ss ion, pol ypl oi dV 

atnpolyploidy, sterility, interspocific hybridization, 

cytogen t i Cs. 
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1-3-5 Breeding for Higher Magnesium Content in Orclardgrass
 
(Dactylis Iomerata L.)
 

C. G. Currier, R. L. llaaland, C. S. Itoveland, 
C. 1B. Elkins, and J. W. Odom
 

Auburn Univesity, U.S.A.
 

Grass tetany, a metabolic disorder of lactating ruminants caused 
by low blood serum Mg levels, occurs most often during the winter and 
spring months in the southeastern United States. During these months, 
pasture soils are generally wet or flooded and air and soil tmpera
rures are low, so evapotranspiration rates are low, resulting in low
 
soil oxygen concentration (less than 1% 0 .
 Flooded soil conditions
 
generally affect the relative amounts of Mtj, Ca, and K present in the 
soil solution, and also reduce cation uptake by cool-season perennial 
forage grasses. 

Orchardgrass, an important cool-season perennial forage grass,
often contains concentrations of cations which are suboptimal for 
animal reluirerment:;. An experiment was conducted to (a) determine 
Mg, Ca, and 	 K uptake by orchardgrass cultivars when -,rown in nonflooded 
and flooded 	 soil, and (b) determine if a selection proTram would be 
effective in isolating genotypes capable of high Mg uptake under 
these conditions. live clonal prop igules of 80 genotypes were grown 
in flooded and n inflooded soil in a glasshouse. After 6 weeks, the 
top growth was liirve ;ted md the forage MI, Ca, and K contents were 
determined. 

Flooded soil rduc,nl Mg and K content and increased Ca content
 
in the orchard'jra.;s forage. Dry weiquts w' re lower and root numbers
 
were higher 	on plant:; 'trown in floode soil thin in nonflooded soil. 
Signi ficint 	di ff,!rnee..; ,:,e obtninad among th, cultivar meaos for Mg 
and Ca in non flood,.,d soil , and gi, Ca, and K in flooded soil. Root 
number wa; correlated with Mq and Ca in flooded soil. This correla
tion indicatedi that root number may be: important in the uptake of Mg 
ind Ca by a rchardgrass pli.t!; gro'm in flooded soils. 

Broadsense estimates of heri tability were high. Heritability 
estimates coupled with the ranqe in cation content values indicated 
that selection progress could be made in the improvement of Mg and Ca 
content of orchardgra;s*;. Selection for Mg would increase both Mg and 
Ca, and to a lesser extent, K content. 

Selected e :notyp ; we:re placed into polycross blocks based on 
high or low levels of cation uptak'e. S;eeds were harvested ftom these 
selections and are now being oval riiat.od in an experiment similar to 
the one described above. The se],: tion of high Mg-containing genotypes 
and their eventual syntnt!si!; into a cultivar should help alleviate the 
grass tetany problem from orchardgjrass; pastures with high soil moisture. 

Key words: 	 orchardgras;, Dactyl is qlomerata L., rjrass tetany, 
magnesium, hypomagnesemia, flooded soil, broadsense 
heritability, oxygen.
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in Swards as aSpaced Plants 
resting Procedure in Grass Breeding

1-4-1 

G. 	 E. van I)ijk 
I'lant Breeding (SVP)f Agricultural 

'Tle tethe r l and s 
Foundat -on r 

]ikesto ol,!;erve plants separately and
The grassbrL-der 

he makeal -,se of wide spacing. A procedure is described
therefore 

plents are 	 spaced in -i sward of in'ther grass. In 
in which the 

be assessed sparately thrcughout the
this way the plants can 

test, while growing in aidense crop. 

plants are testes under wide spacing in the sward ofWhen 
another species, the differences that ,xi.st between slants and 

and more pronounced than under 
tetween progenies show u.. earlier 

. performers 	 in the
non-competitive spacino Plants that are weak 

When testing timothy (Phi eumpratense L.)
sward, will disappear. 

pLlnt'3 in a sward of perennial ryegrass (Lolium perenne L.) root 

comnpetitian.competition 	 is more important than shoot 

of assessment depends on the suppression by the com-
The ease 

height and colour. The comp,-.ion crop
panion crop and on its 

has a greater influence on the production level than on tne 

of the objects, the latter not Luing substantiallysequence 
changed as c rule. 

through selecting perennialExperimental. varieties obtained 
of cocksfoot proved to 

ryegrass plants in swar(da of timothy and 

be highly persisten . They showed good regrowth after cutting, 

with few olants disappearinu. As a consequence the swa-d renai ned 

to sward deterioration is
dense and productive. Such a resistance 


very importunt at high production levels.
 

swards of another crop is a siLmple proce

able to survive and produce in
Testing plants in 

dure for finding plants that are 

and thus promise the continued production desired forswards 
perennial (rasses. The management is easy and it can be applied 

at all stages of the breeding scheme to replace or to supplement 

other wa's of testing. 

Key words: 	 spacing, competition, breeding, pereinial ryograss, 

tolium perenne L., timothy, Phleum ;)ratense L. 
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1-4-2 Use of 
Delineate 

Temperature and Moisture 
the Global Adaptation of 

Pasture Grasses 

Indices to 
Two Tropical 

1). A. Ivory 
Department of Prinary Ilndusries, Queensland, Australia 

The success of pasture development prograimnes depends to alarge extent on the seiectlon of species which are well adapteC tothe climatic and edaphic environment of the project area.
 
The objective was 
 to examine the use of temperatire and
moisture indices to define agroclimatic zones for Rhodes grass
(Chloris Layana) and green panic (Panicum maximum var. trichoglume)

within Australia and for 	other countries of the world. No attemptwas 	 made to exclude areas thesewithin agroclimatic zones whichwould be unfavOurabie because of edaphic and topographic features.
 
Three loisture and two temperature indices were used to
define the boundaries of agroclimatic 
 zones for these grasses.

I. 	 Arid index - Significant species iastability occurred when the
 
precipitat:ion/potential 
 evaporation (Thornthwaite estimate)ratio (P/E) in the previous year was less than 0.45 and 0.55 for green panic and Rhodes grass respectively. Because of thevariance in annual P/E, values of 0.6 and 0.7 were used to define
the arid boundary of adaptation for these species.

2. 	 tumid index - Defined by P/E values of 1.0 and 1.2 for Rhodes 
grass and green panic respectively.

3. 	 Rainfall distribution index - Defined by the ratio of P for the
six warmer to colder month!; being greater than 1.0.4. 	 Thermal index - An annual mean thermal index of greater than 0.3
 
wa used 
 to define a suitable thermal environment for these 
grases.

5. 	 Frost index - Defined by tie minimum temperature for the coldestmonth of 0 and 30 C for Rhodes grass and green paric respectively.
Global agroclmatic zones mappedwere to, 	 these species.There was general igreement between this class ifico,'on of areas ofadaptation and an independent assessment Of the pastoral potential

of these species in Qtien,;land. Significant areas of adaptation
were indicated in a number of countries in Central and 	 SouthAerica, Asia and Africa. In the tropics, the boundaries weredelineated by the arid and 	 humid indices, whilst at high latitudesand 	 al ti tudes, low tempe rature and frosts provided additionalconstraints. Green panic was more widely adapted than Rhodes grass.

The use of these indices to define agroclimatic zones
could be extended to other species. 

Key 	 words: Panicum maximuL. \ ir. trichoglume, Chloris g , 
temperature, moisture, global adaptation. 
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1-4-3 Procedure for Selecting Subterranean Clover 

Cultivars in Southwestern Australia 

D.A. Nichol as and D.J. Gitlespie 

Department of Agriculture, W. Australia 

Ninetcian cultivars of subterranean clover (Trifoliun 

subterranetun L.) have bLx-en rLfjLstrcd for use over. a wide range of 

envirorsu'nt:5 in Western which clover can be grown andAustraliu. Yikw 	 cultivara are being sought 
to extend. the rarnJw of Lnvlrorr:Knt; in 

on the, aliredy e;tabi ishnd cultlVnr-.to iiiprove 
low (1)strocjcn cloversThe prilary objectiv le ixthe select ion of 

that are perststenit und:r either a continuous grazing or ley fanning 

sy;tol. While low oestrcxjenicity is achieved by selecting clovers 

tL4t ire low in the isoflavon foim;ononetin, persistency results from 

the o biratLion of a n-urilxsr of c.n-iracteristtcs such as seed yield, 

tolerance to flox/ling, oisease and insect resistance.1ardsteedteJnea;s, 	 of characters required variesAl tl)ugh the part icular ccxihination 

on the envirorLint ,i which the cult tvar ilay 

ul t liiLely b-e grown, a fjv--stag(: prccdure t-os been developed for 

gel cmal U.;Le. 

thc fir ;t tlhrt, msta-jgm involve.s the assessme2nt of 

con;;iidrably dependin 

.wh ctrion in 
three 

a 1arge nIu sber of intredo(edJ and cro sbrod clovers at two or 

Soihe tng for di arid resistance, eitherlo itions. t ea:-;e insect 

in thyeC W:eL;: Or i iaorgi 2 01ed,f ii.liudoA. the final two stages, 

WIKI th - ha]ve L n r-rurCid to 10-20, selectionCAEclovr, i my 

in the, intenuood area of use.i.3 und(-itI fn at 	An umer of sites 
ersiste1ncy 	 1 finally assessed as the Rtintenance of a high reserve 

high clover content in the DiastUrce, and the denseaeed, 
each y-ar of clover seclings following cropping and/or

of clover a 
reqencratlon 

qras Irn.
 

early stages of theThe chalracte'r!; beiIIg selecte.dI for in the 

prora,e cab - reliably a;se:;sed fron undefoliated rows or small 

of clov-r:; to be' screenedl. Final;wvrds so allowincg large nmihLrs 

selctor is.- undertaken U;irq ;swird.; it a nutixr of fi-ld sites.
 

Little umpte;is i.; placfd On tti2 dircut iea.;urcient of herbagej yield
 
lot rcquired prior to a


and ceAI[pratLvc anilL p,-oduct tvity data aro 
cultlvanlrn rel ;d for g,,neral use. 

are Wcing grown successfullyF Lve. rcenutly reled:ed cult ivair 

over a large area. 'IThe nt cultivmr; constitute over one third of 

the prexduction of c;rt:ifwd subterraneain clover secd in Western 

Austral ia. 

words: stoterranicn clover, Tr__nfel it_',_ .qtbhterrlnfuhl L., selection,Key 

est rogens, | istence.
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1-4-4 Improving the Efficiency of Forage Crop Breeding 

(lonn ,,. hurLon 
USDA-SEA-AR, Coastail Plain Sta tion 

Unoivrsity of (eorvia, I1.S.A 

It is the purpose of this paper to briefly describe ways of 
.improving th efficiency of forage crop breeding. Breeding superior 

forages requir2s good germplasm, proper objectives, efficient 
breeding methods, adequate support, assislance from other dis
ciplines, cooperation with animal science, time ;and hard work. 
Methods that reduce the labor and cost per unit of advance will be
 
described. Among them will 
 be recurrent restricted phenotypic 
selection (RRPS) that quadruples the efficiency of mass selection 
in improving Pensacola hahi agrass, ~a_jalum notaitum, yie ds; a 
modification of RRPS for pearl millet, Pennisetum americanum, 
improvement; backcrossing; procedures to transfer major gene, into 
pearl millet lines in two years; and four methods of putting the 

hybrid on the farm.F I 

Key words: bermudagrass, Cvnodon dactvlon, Pensacola bahiagrass, 
Paspnlum notatum, pearl millet, Pennisetum americanum.
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1-4-5 Improvement of Pollen and Seed Fertility
 

in Lolium-Festuca 
Hlybrids
 

Y. 	 Terada 
Station, JapanYomaguchi Agricultural Experiment 

of the desirablethe genetic introductionIn order to take 
were 

other species , L. multiflorum and L. perenne
characters from 

or tricrossedwere backcrossed
crossed with Festu-a, and F, hybrids 

untit the generation.
species of Lolium and Festuca, :4with five mostly malex F. arundinacen were

F1 2.5% stainable pollen, and viablehybrids of L. maultiflorum 
ster'le, which have 	 only 0.2!, 

0.5;" -- 2 .,.,by the backcross or tricross with 
seeds were obtained 

descended. hybrids of L. perenne x F. 
five species of polle F1 

sterile in 
L. x !. pratensis were extremely

arundinacea and p.renne 
rudimental anthers.the pollen and 	 seeds, with 

species as the 	 recurrentfrom Festuca 
keep very low pollen fertilities, less thanlybrid derivative, 

parents were obligatc. to 

0.3%, and viable seeds were also extremely low, 0% - 1.3%, even in 

In contrast, Lolium-like hybrid derivatives prothe F4 generation. 
the fertilitN of 

with 1o um species, enhanced
duced by pollenation 

to tha gener
pollen and ;eed according to the -,enerationadvanced F4 


and g.,nerplants were obtained in F 3 F 4
ation. Sufficient progcny 

pl.'.nts.
ations, even whet' inter-pollenat ion occurred within hybrid 


and seed hybrid derivatives varied
 
The fertility of pollen 	

genof the backcross ond tricross
with combinationsin accordance 

r = 0.802, was 	obtained be-A correLation coefficient,
erations. 

tween the pollen and seed fertilities. This indicated that higher
 

to the improvement of the seed fertility

pollen fertility should lead 


. 
of hybride

the breeding technique may be considered 
From these results, 

lntergeneric

improve L. multifl irum and L.. perenne . 

effective to 
with Lolium species 	 and the 

hybrids are backcrossed or tricrossed 
with each other. The are polycrossedhigh -fertile pollen 	plants 

were then selected for seed fertility and other 
progeny plantsa 

desirable characterei. 

Festuca arundinacea, intergeneric
Key words: Lol ium mnultiflorum, 

hybridization, ciossability, pollen fertility, seed
 

fertil ity.
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1-5-1 	 Selection Effect for Digestibility of
 

Summer Regrowth in Orchardgrass 

S. Saiga
 
Ministry of Agriculture,
 

Forestry and Fisheries, Japan 

Forage digestibility is very important for improving quality
 
through plant breeding. Comparing the second growth and the first 
growth in a 	 hay and aftermath cutting treatment, reduction in diges
tibility with delay in date of harvest is smaller and digestibility 
value is lower. Judging from this and the ease of evaluation and 
necessity to improve, the second growth is thought to be more suitable 
for the study of selection. The purpose of this study was to assess 
selection effect on digestibility of tile second growth in orchard
grass. 

The vames of in vivo digestibility (Y) were predicted by tile 
regression equation: Y=0.83X+27.68, where X is tile value obtained 
by the one-step celltlase method. 

From 511 plants ranging from 58.02 to 75.47, 4 high-digestibility 
(lID) plants 	and 5 low-digestibility (LD) plants were selected in 1975. 
Progenies of these two g-roups were space-planted with their parent 
plants and evaluated i-r digestiblity from 1978 until 1979. 

Though difference between II1) and LI) in parents was more than 
12, units at the time of selection, the difference reduced to around 
57 units in 	 1978 and in 1979. Furthermore, the difference reduced 
to 1. 5' - 3. 3, tin its in the progenies , but l1) was significantly 
higher than 	 LD. From the restilts of experiment, realized heritability
 
was estimated as 
 h(1 2 

0.48 ant 0.42 in 1978 and 1979 respectively. 
Two experimental strains were developed by random pollination 

of parents itt each grot) in 1976. These strains were compared with 
16 other varieties under tie management of 3, 4 and 6 annual cuts. 
Il1) strain indicated the highes [ di),estibility among all varieties 
in all three treatments. As an average of three treatments, 1iI) 
strain was hihlter by 2.7; Units than LD strain. The difference be
tween 111) and 1.I) was largest at the harvests in August. 

To assess repeatability of digestibility findings, correlation 
coefficients between years wero calculated using 96 individuals of 
8 varieties. For the first growth, correlations combined witht a 
certain year were all negative and this is caused by meteorological 
factors. For the second growth, however, high positive correlations 
were obtained in all combinations. 

An obviots ;election effect was observed in this experiment. 
Concerning dry matter yield, a large proportion is produced in thle 
first growth, !-o we could net. place importance otly on the second 
growth. It is proposed that seolection should be conducted for tile 
second growth materials with proposed maturity. 

Key words: 	 orchardgrass, ylis glomerata L., digestibility, 
cellulase, heritability. 
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1-5-3 Development of a 	 Simple Digestibility 
and Its Application toEvaluation Method 

Forage Sorghum Breeding 

tsao Tarumoto and Yoshikuni Masaoka 

National Grassland Research Institute, Japan 

of forage sorghum, the rapid evalu-
For improving digestibility 

of plant selection 
ation of th, digestion rate and potential values 

simple cel lulase digestion method, in which 
should he necessary. The 

almost 
in vitro dry matter digestibility (IVIMID) of the samples kept 

by one stage technique, has
leaves determinedoriginal form of is 

report, the 	 applicability of the simple 
been developed. In this 

method (the 	 SCO method, hereafter) to the evalu.
cellulase digestion 

of various sorghums wis examined. 
ation oft digestibilities 

of 22fully expanded leaves of each 
IVDMD values of the top 

the early heading stagesimultaneously at
sorghum cult ivars sampled 

of the SCD and
both by the weighing method

of CK-60 were determined 
1). The corremethod(Expt. 

by the above two methods wasthe two stage Sodium sulfite-cellulase 

lation coefficient between IVIND values 
Sweet Sudan with non-glossy leaf .positively significant(r=0.726***)

brown midrib, )l-gkran with bloomless 
and tan color plant, bmr- 1 with 

color plant 	were selected as the cultivars 
trait and Tan GR-., with tan 

by tile two stageasthe SCD method as well
with high digestib; Iity by 

SCD method would be
results suggest that the

method(Fig. 1) . These in
 
usable to evaluate the digestibility of tile collected cultivars 


parents 
with high digestibility.
of the recombinationthe selection 

of eact of 24 sorghum and a corn 
The top fully expanded leaves 

leaf stages.at each of four 

of them were determined bycul tivars were taken simultaneously 
the scoring 	and 

Scores and IVDMIIIvalues 
2). The scores of 

of the SCD, 	 respectively(lxpt.weighing methods 
sampling times(Sth to flag 

at each of tie first-to-thirdcultivars 
'iT. each other, and with IVDNID values 

a 'ges) correlated well 
3(grain sorghum)leaf 	

sampling times. FK.-5 
at each of the first-to-fou1t'L - 2-38 (sudangrass) with 
with bro,n midrii and b1oomless trait and 

non- glossy leaf were confirmed as lines with high 
brown midrib and 

1) . These suggest that
the above two methods(Tabledigestibil it)' by 	 of tileto evaluate 	 the di gestibility

SCD method woul * be ttsablethe 
early generations.breeding line'- in the 

the SCI) ethod would be applicable to tile 
From the above, 

sorghum iwith improved digestibility, and
of forag;ebreeding program the digest-bi

of the SC1) method to the evaluation of 
the application 

in the selection of the 
lity both of the collected cultivars 

generaand of the breeding lines in the early
recombination parents 

be most effective.tions is considered to 

Sorghum bicolor (L.) Moench., 	 digestibility,Key words: 	 sorghum, 

quality breeding.
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1-5-4 Fermentation Potential of Vegetation from Variouslerbaceous Plants Following Enzymatic Hydrolysis 

D.H Smith, J.C. Linden, and R.1l. Villet 
.olorado State University, U.S.A. 

"egetation froniherbaceous plants has been suggested as 
a possible feedstock for production of liquid fuels. 
 Our objective was 
to
determine the fermentation potential of vegetation from various herbaceous 
species following enzymatic hydrolysis. Preliminary assessments involved samplinq various sorqhums (Sorg 
 bicolor (L.) Moench)and determining the extent of cell jiose hyd-rolysis. Subsequent replicated studies determined cellulose hydrolysis and nonstructural
fermentable carbohydrates of brown midrib (bmr) sorghums and
normal counterparts and cellulose conversion rates 

their
 

for a wider range
of herbaceous plant species.

Preliminary evidence suggested that enzymatic cellulose hydrolysis could be improved either by 
use of bmr mutants
forage materials. Subsequent studies indicated that 

or by ensiling
 
rates of cel1
 lose conversion to :glucose of bmr mutants were not always superior to
those of their normal counterpar-ts 
even 
though the lignin content of
these mutants was usually lower. 
 Averages from bmr ano normal
ghum harvested at two different dates 

sor
indicated that from 29.4 to36.5' of 'he total dry matter could be enzymatically convertedfermentable hexoses. toThe contribution of nonstructural carbohydratesto tht total rartyed from 62 to 65;. The unconventional species were
substantially higher in lignin content than sorghums, corn (Zba naysL.), and pearl millet (Pennisetum americanum (L.)
hydrolysis of these species ranged from 

Leeke). Ce-lfulose
 
13.5; of the cellulose present
for kochia (Kochia scoparia (L.) Schrad). 
to 25.8" for Jerusalem
artichoke (HeTianthus tuberosus L.). 
 The cellulose conversion rates
for the grasses ranged 
from 16.7; for corn
maturity to 

harvested at physiological30.4; for forage sorghum which was harvested during seedfilling.

Variability asso,-iated with species, varieties, stage of maturity, and ensiling prodiced suhstantial 
vdriation in enzymatic cellulose hydrolysis of her:acegus plant vegetation. In addition, quantitative estimates of lijnin content were not always associated with
the variation observed 
in cellulose hydrolysis.
 

Key words: 
 cellulose, enzymatic hydrolysis, fermentable carbohydrates, ligoin, Sorahjum bicolor (L.) 
 Moench, brown

midrib. 
 -
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1-5-5 Effects of Nitrogen Fertilization, Age of
 
Regrowth, and Cutting Height on King Grass Quality
 

in Cuba 

R. S. Uererra and R. Remos
 
Instituto de Ciencia Animal, La labana, Cuba
 

Effects of nitrogen fertilization, regrowth age and cutting

height (,.. quality of king grass (Pennisetum purpureum x P. typhoides)
 
was studied. Treatments were: 0, 200, and 400 kg N/ha/year; 30, 45
 
and 60 days of regrowth, 
 and 10, 17 and 25 cm cutting height. Crude
 
protein increased with N fertilization up to 13Z when 400 kg N was
 
applied but decreased to 52 at 60 days with the same 11 level. 
 Ct dde
 
fiber diminished with N level and increased with age; the 
highest
 
valute (38) was obtained without N fertilization and 60 days, while
 
the lowest (33/) was obtained with 400 kg N and 30 day;. In vitro
 
dry matter digestibility increased with N and diminished with 
 age;
 
the highest value (60:) was obtained with 400 kg N and 30 days, while
 
the lowest (362,.) was obtained without N and 60 days. Phosphorus and 
potassium diminished with increasing N levels and regrowth age. Phos
ohorus varied from 0.26 to 0.562 while potassium varied from 1.08 to 
2 .382',;. Calcium and magnesium showed an irregular relationship to N 
and age. Crude protein diminished with cutting leight. Values of 
10.1, 9.9 and 9.2, were obtained when forage was cut It 10, 17 and 
25 cm, respectively. Crude fiber showed little variation, fluctu
ating between 32 and 33.22. Values for phosphorus (0.40, 0.38 and 
0.332), potassium (2. 13, 1.74 and 2.042) calciumn (1.64, 1.48 and 
1.622) ilnd magnesium (0.51, 0.46 and 0.472) were obtained for 10, 
17 and 25 cm cutting heiglt, respectively. In vitro dry matter 
digestibility diminisihed to 8 percentage tunits when forage was cuL 
at 25 cm compared to the 10 cm treatment. Tie negative effects of 
increasing age smay be improved by applying 400 kg N/hal 1 ear distributed 
among appI icat ions every 45 d;ys and cut between 10 to 17 cm height
above the ground level. Also, with these indices an adeqiate balance 
in mineral composition was obtained. Factors affecting king grass 
quality will be d is;cussed and suggestions for further research on this 
matter will be presented. 

Key words: 	 king grass, nitrogen fertilization, cutting height, 
composition, forage quality. 
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1-6-1 Acceptability of Tropical Forage Plants:
 
Grasses and Legumes
 

V. B. G. Alc~ntara, P. L. C. Ahramides, P. B. Alentara
 
and G. L. Rocla
 

Animal Husbandry Institute, Nova Odessa-SP, Brazil
 

The purpose of this study was to compare the acceptability of 
twenty-five tropical grasses and eight tropical legumes by Zebu 
cattle. 1i: was conducted at the Estacao in Nova Odessa-SP, Brazil. 
Tlhe relative palatability of the forage species was evaluated by the 
visual method. They were grazed by four animals in summer and two 
in winter during two hours each day. 

Results: Significant differences (P 0.01) were founa among the 
plants which are listed in descending order of palatability in three 
classes, as 	fellows:
 
(a) Hligh : Panicum maximum Jacq. , Digitaria valida Stent. , Pas
pl um aenoarumi Arech. , Brachiaria decumbons Stapf. , Panicum maximum 
Jacq., cv. Gatton panic, Brachiaria Setaria anceps Stapf. cv. Nandi, 
Chloris gayana kunth. cv. Callide. 
(b) Aedium: Brach iaria mutica (Cursk) Stapf. , Clycine wigh tii Verdc., 
Digitaria diversinervis (Ness) Stapf., Pueraria phaseoloides (Roxb.) 
Benth. var. javanica (Benth) Bak. , Digitaria milanjiana (Rendle) 
Stapf. Macrotyloma axillare (E. Mey) Verdc. Andropogon gayanus 
Kunth., Digitaria decumbens Stent. cv. Pangola, fligitaria LE. , 
Centrosema pubescens Benth. Echinochlo3 pyramidalis (Lam.) Ilicth & 
Chase, G1yc ine wightii Verdc. cv. Cianova, Galactia striata (Jacq) 
Urb., C.oon dactylon (L. ) Pers. cv. Coast cross., Calopogonium 
mucunoides Desv. , Brachiaria sp. , Terannus uncinatus (L. ) Sw. 
(c) L.ow: Cenchrus ciliaris L. cv. Biloela, Cynodon dactylon (L.) 
Pers. cv. Paulista, Paspalum notatum Flugge var. Saurae dactylon 
(,. ) Pers. 

Conclusion; 	 and significance: 
(a) Visual method, obseiring the animal in pasture during determined 
times, gave sound indication of the relative acceptability of the 
plants studied. 
(b) Grasses from the genera Panicum and Brachiaria, in general, and 
species like Diitaria valida, Dijitaria sp. (umfolozi), Setaria 
anceps cv. Nandi, Paspa m uenoa:um and Chloris gayana, were highly 
acceptable to tile animals. 
(c) 'lmnts from tihe genera Paspalumn (except 11. guenoarum), Cynodon, 
Cenchrus ciliaris and Digitaria 9p. (siendr) were not very well 
accepted Dy the animals. 
(d) The forage legumes fell in time middle class of acceptability. 

Key words: 	 grasses, legumes, grazing trial, cattle classes of
 
acceptability.
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1-6-2 A Comnparison lBetween te IIn-V ivo I)igst ibi liLty 
Value of Nornial and brown Midrib mutant; (;rown 

tinder the Cool Clirnato Conlditions of the L.. 

R. F. Willer and R. II. Phipps 
Nationat Institute for R,;earch in Dairying, E.ngland 

The brown midrib mutant g oe (bm3) has decreased lignin content
 
and increased digestibility value of whole crop maize silage grown

under high ambient temperatures. Fhe aim of the present work was to 
investigate the effect of the bim3 gene on the in vivo digestibility
values of crops grown under the relatively cooT-cl-iniatic conditions
 
of the UK and where lignin content is already low.
 

The normal (N) and hm3 forms of Inra 188, Inra 240 and Inra 258 
were grown at the National Institute for Research in Dairying, Reading,

and ensiled on 139 days after plant emergence. The six I.ilages were
 
fed to wether sheep at a maintenance level of feeding in a 3 x 2
 
factorially designed trial, with four sheep/treatmnt.
 

The dry matter (D) content of Inra 138 normal and bin3, Inra 240 
normal and bm3 and Inra 258 noniial and bmn3 silages were 30.4 and 
24.6%, 28.3 and 25.6', and 29.3 and 26.0', respectively. The mean 
values for cell wall, acid-detergent fibre, cellulose, hemicellulose 
and lignin content for the normal and bi silages were 54.8, 21.4, 
20.5, 33.4 and 0.88% DM and 52.8, 22.2, 2.2 30.6 and 0.05" DM, 
respect ively. 

The results of the in vivo digestibility trial showed that tne
 
apparent digestibility or-c--e7--walls, acid-detergent fibre, cellulose 
and hemicellulose was increased from 76.2 Lo 78.8%,, 67.9 to 76.7%, 
75.6 to 81.8, and 81.0 to 00.1?; (decrease) for Irra 188; froli 
72.2 to 78.3%, 63.6 to 74.1', 71.3 to 78.7'" arid 77.8 to 81.3% for 
Inra 240;and from 75.8 to 80.6?, 70.3 to 76.8:, 75.8 to 81.9% and 
79.6 to 83.2% for Inra 258, by inclusion of the bii 3 gene. The 
inclusion of bm, gene in Inra 188, 240 and 258 increased the 
digestible organic matter in the dry matter from 73.4 to 7F.3%, 
71.6 to 74.4" and 76.0 to 77.??,, respectively. With the exception

of hemicellulose, where the differences were significant at the 5 
level, the increases in digestibility values att.'iauted to the bm3
 
gene were all significant at the 0.1% level. 

Inconclusion, the bm3 gtne has been shown to decrease lignin
 
content and significantly increase the digestibility values of mnize
 
genotypes grown under the cool climatic conditions of the UK, where 
forage and not grain maize production is of primary concern. Further 
work should be done to compare normal and bm silages at similar3

.t,'es of maturity and to determine its effect on animal performance.
 

wor, : maize, brown-nidi-ib-'l, digestibilitv. 
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1-6-3 Cliricidia maculata, a Valuable Source of High
 
Protein Green Feed Supplement for Animal Feeding
 

P. A. Chadhoker
 
I.D.A Dairy Develo-ment Project, Sri Lanka, India
 

Unavailability of rood quality forage is one of the 
important limitint, factors affecting milk production on 
small farms in 2ri Lanka. (liricidia (Gliricidia mnculata) 
a deep rooted lerume plant with high protein content (22-25") 
in the dlr:,, m tter is co!mmonly swnil.-ble in ri Lanka up to 
about inncO elevation. This sTeciei; can provide high 
protein green feed sunrle.e nt, especially durin, the feed 
scarcity perinds. Therefore, studies to evaluate (liricidia 
were initiated in Y1'. 

'I-rono, ical !-tudies showed that (1liricidin can be 
established either with seeds or vith mature stems (cuttings). 
2atinfectory establishment in obtained when stems are at 
le it five months old. HnliL< Leucaena, (iliricidia can be 
crown on veryr poor acidic soils withoiit any fertilization. 
,ry matter yields ae low in the first two :,,earr but yields 

increase with increasinF age of the plant, rnnd annual yields 
of about F000-10000 kr'/ha can he obtained from a 3-4 year old 
stand, -lanted abouit 7) cm apart in three meter rows. 
Hirlhest amount of leaf,' materia! is obtained when Gliricidia 
is harves-ted at intervals of every 3-11 months. Nutritive 
v,m'.ue of ';liricilia "if cm!np,!rah.e to that of Leucaena and 
alfalfa. 

Preliiminar.'. feedirr trials w'ith sheep ,ind cattle 
indicate th'lt 'liricidia i.s- elatabl !rnd can be an excellent 
soirce of ,irotein numlement when fed :ith poor quality 
rougf-hage. *'liricidia, when fed with poor quality fgrass to 
ewes over a period of two tears, gave increased rate of 

'abrn.survi vl , b nnd , rilking cows, yield and quality 
of milk were not affecteri excevt that milk was tainted when 
cows were fed more than 50 percent rougharge. In another 
trial, 1iiricidlia f d with udd': strw and rice bran to 
';ourg heifers r-ave daily moan weirht in of 0.7, kg/animal 

which was comri;.r:ihle to F).i k, gain due to frass ind
 
concentrate mixture.
 

These studios have clearl. de7-onrtrated that 
(liricidia ir a valuabe so:rce of protein nmsnplement for 

animal productioAi in the tropics. 

Key words : 	 'iliricidia, -liricidia rnculata, palatability, 
Sheep, survival, lambing. 
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1-6-4 Cyanogenesis in Dhurrin-Contailning Forage Grasses 

II. J. Corz, A. A. Iaskins and K. 1. Vogel
 
University of Nebraska, U. S. A.
 

Cyanogenesis, the ability of organisms to produce hydrocyanic 
acid (HCN), has been reported in approximately 1000 species of plants
 
repre.senting 250 genera and 80 families, but the identity of the cy
anogenic compound(s) involved has been established 
for less than 100
 
of these species. 
The first cyanogenic compound identified in the
 
grass jamily was dhurrin, which was isolated from sorghum plants in
 
1902. Many other grasses were subsequently reported to he cyano
phoric, but until recently Sorghum remained the only grass genus in
 
which the presence of dhurrin 
had been demonstrated unequivocally. 

A precise, rapid, and highly specific spectrophotometric assay for 
dhurrin in seedling leaves was developed at Nebraska in 1977, primar
ily for use in breeding for low dhurrin content in sudangrass and 
sorghums. This procedure has been used successfully in selecting
sudangrasses with reduced levels of hydrocyanic acid potential (IICN
p). Two cycles of divergent selection for high and low IICN-, in 
Creenleaf sudangrass have resulted in an average realized heritabil
ity of 0.26 	and an average broad sense heritability estimate of 0.84.
 
lhe high- and low-11CN-p populations each differed from Greenleaf by
about 20%. Dry matter yields for the high- and low-IICN-p populations, 
obtained during one growing season after only one cycle of selection, 
were 7440 and 6680 kg/ha, respectively, compared to 6910 kg/ha for
 
unselected Creenleaf.
 

The spectrophotometric assay also has been used 
to screen seed
lings of 72 	 grasses representing 39 species, 14 genera, and 2 tribes 
for the presence of dhurrin. Among genera other than Sorghum, dhuirin was found only in the genus Sorghastrum. Levels ware in the same 
range as for Sorghum seedlings considered ta be high in dhurrin 
content.
 

The toxicity of a cyanophoric forage grass is influenced by vari
ous factors, one of 
which is the ability of the animal to detoxify
the lICN it encounters. In ruminants, 11CN is rapidly detoxified in
 
the rumen and liver by reactions with sulfide or cystine and the 
 re
silting thiocyanate is excreted in the urine. 'lle low rates 
of gain 
that are sometimes observed when cattle 
or sheep graze pure stands
 
of sorghum or sudangrass may, in some ases, be explained in terms of 
an induced sulfur deficiency in the animal d,,e to the priority re
quirement of sulfur to detoxify JICN. Therefore, sulfur supplements 
may reduce the potential. of HCN poisoning, replace sulfur lost in 
detoxificat[on of HCN, and insure an adequate dietary level. of sulfur 
for animal needs. Recent studies have shown that released cyanide 
also may protect animals from lie toxic effects of selenium by form
ing a compound with selenium that is apparently readily excreted in 
the urine. Hfowever, this same reaction may cause selenium defi
ciency in livestock in areas where selenium levels are low. 

Key words: 	 cyanide, priissic acid, HiCN, indiangrass,sorghum, 
sudluangrass , selenium, sul fur. 
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1-6-5 Direct and Indirect Metjlods of Comparing
 

of Green Forage Grasses
Indigestibility 

N. Gillet, J. Scehovic, C. Noel, 1'. Giratid, 

M. 	 Martin, and R. 'I'ra nmao 

des Plantes Fourrage,'es (France) and Station 
Station d' Ameliorati'u 

d Changins 	 (:;witzerland)de Recherches AgronomiquesFederale 

breder is to improve in;,.'stibility, f. e., 
When 	 the forage plant 

simple
fescue (Festuca arunIdinacea Sc!reb .), he notds 

with 	 tall 
at a 	 tine. ;heep in cages

methods of assessing IIurno'OUs; genIotypes 

fail Two ways are commonly used: 
to permit such numbers. 

which implies direct litiisation of animals,(1) 	 Cafeteria, 
is called palataibility.

giving them free choice. le' result 
analysis, in vitro 

(2) 	 L.aboratory indirect withods: chemical 


digestibility, fibrosity indX.
 

is able to prdict the absolute value of 
Noei 	 of those methods 

righl rankingonly 	expected to give tie 
ingest ib iliity, but they are 

between the 	 assessed gel,.types.
of the gene tic dif ferences 

frequently established between laboratory
Corr,-Iations have been 

with 	 sheep in cages. Unfortu
tests and ingestibility as masured 

not 	 only by genotypes but also
forages differingnately, they invol ved 

of growth, consrvation oi not, etc. The 
by other factors: stage 

holl 	 whol only genetic
obta inied cot relations do not Mcessar i lV 

di fferences are to be assessed. 
by plant breeders. 

SeveroI types of caf,,toria are commonly used 

2 cafet ri:is (g'.:ing in situ and 
In the present stdIy, we show that 


give very inilar rankings. rough cafeteria
 
a trough cafetoria) 

precise and faithiol test, provide(]
 
appears 
 to ho a very sensitive, 

given colditions are satisfied.
 

W hay,' also compared palatahility through trough cafeteria wth
 

sheep in cages).
 
"classical" i ngstiibilit'' and Iigestibil ity (through 


only is concerned, correlation appears 
 to 
So far as genetic variation 

but 	 fairly good between 
he bal bkitwoen palatability and ingest ibi I i ty, 

appears no corre
palatability and digestihility. Furthiormore, there 

on

;tibility and digstibility, although measured 


lation b etve n itgo 
time, whereas palatability and digostibil

the s:e shepPit the sam, 

are measured on different animals.


it. 	(positively correlated) 
::otCworthiv there are indications of ingestibility by dairy 

and 	 digestcorrelated with palatability
goats in fre',' stalling i-ing 


sheep inl cages.
with ingestihility b 


We -ire 1lso :tsudying combinatiots of chemical tests able to
 

e:-'pla in ge tical rankings of palatability (in cafeteria), 


ihilitv, hut not 

ingesti

in cages). 	 In our first experi
hility and dip'estihility (with s;eep 

ment, we te,- able to explain QI of palatability varianc with 
a combination 

soluble phenols; 83' of the dip,,estibility
7 	

variance with 


onl ' of the ingest. ibility

of soluhlI and insolubl. phenols; and 50


of monlo - and polysaccharides.
variance With a combiatio 
itt order to 	compare

ra all importatnt queIst in:
These rslil tS i 

grass varioti's f:,r farm animals which have no 
ingestibil itios of 

':on
with 	 si.e p in cages a sui table me thod? 

is the mnasure 
only ma int,nance needs. The prefchioice-, 

trary to farm animaIls, thlw h-is 
could play a more important

can s--n 	inicafeteria),rences (which h 


robe with 
probu ing nnimalI. ,e sha further invost igt,' this 

question.
 
cafeteria, genetic


Key words: 	 ingestibility, digestibility, 

variation, phenols.
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1-7-1 Interspecific Hybrids IBCtween Apomictic Forms 

of itoa palustris L x Poa pratensis L. 

W. Nitzsche 
Max-Planck-lnstitut fur ZUclitungsforschung, West Germany 

Kentucky blu grass has been hybridized with many other Poa 
spec ies during the last years, but interspecific hybi ids between 
fowl blue-grass have not boen reported so far. In contrast to most 
of the otiier Poa species P. palustris is like 1P. pratensis, a coma
1ecCiaIlty used forage crop, and we expected better resulIts ill such 
hybrids than in those described earlier. The obligate apolict P'. 
palustris was X-irridiated and two-seed-descendent were grown inX2 
the nursery. 47 pairs with different partner.; were selected and 
checked for sexuality. One plant with a segregating progeny was used 
for hybridization. Flowering time of the two Poa species differs by 
about one month and doeu not ovL-rlap. This difficulty was overcome 
by the .itorage of the I'. pratensis-pollen using the method I re
ported 1970 on the XI International Gra;sland Congress ili Surfers 
Paradis, with a storage tempera'ture of -80OC. Hlybridization was 
lont without ,,masculation oh single plants in isolation chambers. 
i1 a progeny of 200 plant- we found up to 27 hybrids wit) tie Poa 
pratens;is, the remainder 'e ing pure P. ;Ilustris. 

In 1972 the first hybrids wer avai lable. These pla.it: wer, 
pure apowicts and stahl, in multiplication, tle intetrspecific heter
osts being fixed ill the 'vOlV-! strans. On, strain is a pasturc 
and lawn-type, aiotther onti a meadow -ypc. Both Ftrains lhave- the 
!itlterranean rlnners; tf 1'. t'aLtoiss anl the leaf colour ,f P. 

.palistris. One !;train has hairlI,;s sees like the 11 lp tustris 
parent . Disease resi;tance and yield quality of these strains are 
much better than those of P. longi fol ia x P. pratensis interspecific 
crosses. Oiver all , the new htybr ids look so promising that one is 
under registrat ion proceeding in Germany. 

Key words: 	 I'oa palu;tris, Poa pratensis, apomixis interspecific 
hybrids, mutation. 
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1-7-2 improvemon t 
Through 

of Forie 
1ol i i 

Qual 
II-csto 

i ty o la I I Fescu! 

Isllvb- idi zat: ion 

C. Buckner, L,. 1. 'ush, and I. I'. Burrus II 

iSI)A-SEA-AR and Uni.rsity ,t" -otucy, '..,.A. 

xi.)till ol;cue (FestucaAnnual ryegrass 	 (Lolliun multifloruin 

aitandinace, Schireb.) hybrid derivat i\ves were used t. tiew Iolp C;-307, 
slrCain with l,,w 	 perllolinte Ikaloid content 

an experilelit-il. Vnthlet ic 
di.est i hlitv. 	 AitimlI ! con-Umi.ng G1-307

and Improved SUCC.lt1Cice id 
as

under high mbieut temperature stress; e;Olhibtel a ;mlady known 

"sumimer syndrome." 1Lichloo th nal, nitleuophyLi 1t ingls nf cool-

Seilson grasses, 	 was associjated with tile occu rrence oI N-ace tyl ld 

(pyrrol izidine) alkPaloids in (1-107. The lotline
N-formyl loline 

:;vCtr oIlecoldition.
alkaloids lpipealred to be relited to Lile sur 

tile variabi it. ind heritabilityOur obh ectives were to 	 invest igite 

and N'-folmvlI lo line, and th association of
of perloline, N-aletLI 

1. 	 tvjph ins and the lolines. 
;1-307, the product of two'wenty-eighLit parental, clones of 

for low perlelihoe content and timproved
cycl oS of recurrelit :4o.tcLion 

Were grown in two supar;ite isolatedsucculence aind digestitlu iiti, 
were unires ted and those in a

polycross blocks. Clone; hi ole block 

secold block were previoulv trelted wi Lit benomvI, a svstemic 

funglllcide, for at least il days ill :i 1: 1000 belTomv]:soil mixture in 

from1 tilt clonesa ,reoiiehoiise lit ln effort to remove K. ,tvpii us 

ielore trantsl) L ing theUt tO the field. 

PoIvcross proenlies of tintreslted cl Oltes, the M1-307 stra in, and 

ilno content in repli-COmmerIIcill cultIvar', wlre eValuted for perlI 

cated ;od plets ;rriingud in a raindomized block di sign. E'qua I 

allIOUntS Of ,:ed of each clone of trLoated nild klltlrtred blocks were 

blended to form (;,1-307 str-ill. Seeds of tile G1-W (treatLed) and 

were used Lo e;tab itsh 2.2 and 3.3 ha swards,(;1-307 (uii troaelC) 
respect iveIV. 

M'ens iOf tllLtre ;ted pirelLal clones and pol veross progen ies
 

(pep) difffered a inif i cntlv for per i-ine, h-toot.' and N-formvl
 

Iel Ihe content. 'road sense heriab;lily etvostimates; using parentail
 

variance of perloline, N;-acetvl and N-formyl IoI ne wore (.88, 0.07,
 

and 0.76, respectively, and 0).50, 0.33, and 0.79, respectivei', when
 

sentse heritabi I it,Loritnates for perlo
us-iig pcp variance. Nrrow 

0.4, (.54, .11dline, N-acetvl and N-formvl lol inC content Were 


0.91, respectivI ,. litfectionl bv 1. tTiv. Iin ld cont en t 
 of p.' irrol
ol It7., t, petively, whlnizidie i slkaloids were 	 reduced 71.'K 

parenti l C hones ',:e'e trealted w'i th l .'lll' I . 1I1v I 'o11 SwArds e:it;b

islhed i-oi lln seed of - T ;ltiionv nt ntre;Lted clones htad
 

/ sd infection 

e t imi teS by 1. t_-.plil of 1, ;111d 95, respectivelyv. Yiong cattle 

indtr hi;hi itall ent t ,mp ritiLre t;Lress (32 C) when fed hav containing 

1pyrol itidilie s kalod levels of 15 and -7r 

"';Ill-lllr ;vndrome" svmtillLoms, and had 

alnd peattformancc tihan those receiving 
11 I / lolilles did not have 

,i;inifiC jtly bettor l-ed iiLnke 


(I-307 tyi contain intg 875 /g l' i lies.
 

Key words: alkaloid;, per llin, N-scotyl ld Nl-fot-lnl lIlines,
 
her itb i i i ty, simmer
d igestiliii ii ty, SUil-o ce , 


syndrome, pi.il l ty'f,hins, animal performance.
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1-7-3 Potential of Interspecific Hybridization in lennilsetum 

Wayne W. iHanna 
USDA-SEA-AR 	and University of Georgia Coastal Plains Station, U.S.A.
 

The objectives of this research were to (1) produce high-quality
and high-yielding interspecific forage hybrids and (2) utilize germ
plasm from related Pennisetum species to improve pearl millet, 
P. 	 amo ricanum.
 

Interspecific 
hybrids were made by pollinating pearl millet with 
P. urpureum, P. setaceum, and P. orientale. P. purpuretun x pearl

millet crosses were also made. 
 Fertility was induced in 
the sterile
 
triploid pearl millet x P1. 1 uriureum interspecific hybrids by

doubling the chromosome number to 
produce the amphidiplolds.
 
Agronomic characteristics 
were evaluated in replicated field trials.
 

Pearl. millet x 1'. r'urpureum hybrids (3x = 21) produce high
quality late-season forage, are post resistant, and are perennial.
h'lebest interspecific hybrids produced 
 352 more dry matter and were 
equal in in vitro dry mn,tter digestibility and protein to the best
 
pearl millet hybrids. Tueh interspecific hybrids can be seeded or
 
vegetatively propagated. There was 
 no agronomic advantage of the
 
hexiploids (6x = 42) over 
 the triploids other than fertility which
 
allowed for backcrossing 
 to pearl millet for the transfer of germ
plasm. Pearl millet 
x hexaploid (6x = 42) backcrosses have resultedin the transfer of rest..trer genes and genes for [irlorescence type.

Much potential exists for transferring genes for pest resistance,
 
perennial growth habit, 
 yield, and other agronomic characteristics.

Preliminary 	 observations indicavte that the P. ljOrpureum x pearl

millet crosses have more cold 
 tolerancu than the reciproca] cross,
indicating a cytoplasmic effect. Amlpidiploids (6x) of P. purpuret-m 
x pearl millet have been induced for tite purpose of transferring P. 
lmrijeum. cytoplasm into pearl] ille T,the P. iur2rl,.. cytoplasmI pearl mnil~et will also be tested for its effects on new sources
 
of cytoplasmic-genic 
 male sterility and other atgronomic 
characterist ics. 

The pearl millet x P. so taceem and I1. orienttale hvbrids were 
apolnictic like the male parents, indicating that apomixis is 
dominant. The intoer.ale cific hybrids have no agronomic potential but 
are an important bridge in the interspcific transfer of germplasm.
Once fertility is induced through ampphidiploidy in these hybrids,
then there is a OOcl chtance that lt)11iXis as well as pest resist
ance, drought tolerance, etc. can be transferred to pearl millet 

(a sextUal peciC ) b Using radiation of pollIn to produce trans
locations between the genome; and backcrossing to pearl millet. 

Key words: 	 pearl Mili t, PlennisetuL americanum, Pennlsetum 
setacetmI, l'enniseum orientale, apomixis, hexaploids, 
amphidiplhids. 
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1Eragrost I urv Ia 
1-7-4 Breeding of Apomict i 

L. Burson 

1ater Laboratory, U.S.A.I'. W. voigt and B. 
Researci

USI) Cras lands, Soil and 

and related species are 
l.rarostis curvula (Schrad.) Nees 

in the semi-arid and aridimportant pasture and range forage plants 

polymorphic,America. 'Types within 	 thesesouthwestern United States of 
have different adaptations and characteristics.

apomictic species 
new combinations of characteristics should

Breeding cultivars with 
to determine
 

increase greatly their 	usefulness. Our objectives were 


data from cytological studies of hybrids and 
the relationship between 
from progeny test classification,; of mode of reproduction, to evaluate 

develop an efficient
of reproduction in lovegrass hybrids, and to 

ofmode 
In general, results of cytological analysis

breeding scheme. 
and embryo sac development and spaced-plant tests of 

oegasporogenesls 
gave simil ar evaluat ions of mode of reproduction.

progeny Vvar ib iail ty 
hybrids were predominantly apomictic,

Results indicated that 	40% of 
and 40Z were predominantly sexual in tetraploid

?(V were intermediate, 
crosses. In crosses of tetraploid sexual X 

sexual X tetraploid apomict 
90Z of the hybrids were predominantly apomictic.

one "ctaploid apomLct, 
using sexual X apomict 	 hybridization

We propose a breeding scheme 	 to 

produce apomictic cultivars. 

lovegrass, Eracro-stis .1Lemanniana 
Key words: weeping lovegrass, lelmarn 

hybrids, cytology,
Nees, mode of reproduction, diplospory, 

progeny, breeding scheme. 
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1-7-5 Use of Embryo Culture witih Nurse Endospern
 
for Interspecific llybr iization in Pa: tare Leautnes
 

W. 	 M. Wi lli: ams uain llizaboth G. Williams 

Gras hlaind.s Divis;ion, ISIR, Ne., Zen land 

Future progress in the breeding of pasture plants 

will depend on use of base populations with maximum
 

variation. This applies particularly to extension of
 

species into marginal areas. Interspecific
 

hybridisation offers one possibility of extending the
 

a
range of variability beyond that offered by single 

species.
 
These principles have been applied successfully to
 

the forage egue genera : Trifolium, Ornithopus and 

Lotus. A technique of in vitro embryo culture has been 

developed to overcome endosperm failure after inter

specific pollination. This technique involves sterile 

culture of a hybrid embryo after transplantation into a 

nurse endosperm dissected from a normal ovule. 

Materials produced include Trifolium ambiguum x
 

T. repens, 	T. ambiguum x T. hybridum, T. ropens x 

T. uniflorum, Ornithopus sativus x 0. compressus,
 

0. pinnatus x 0. sativus, and LoLus pedunculatus x 

L. corn'culatus. 
The hybrids 0. sativus x 0. comprpdsus, and
 

L. pedunculatus x L. corniculatus are fully fertile in
 

advanced generations and show good agronomic potential.
 

T. ambig-uum x T. repens and T. repens x T. uniflorum
 

hybrids are partially fertile and are likely to respond 

to selection for increased fertility. 0. pinnatus x 

0. sativus hybrids are fertile but require embryo culture
 

to overcome defective endosperm development. The cross
 

T. ambiguum x T. hybridum has so far given completely
 

sterile progeny. 
A feature of the embryo culture technique using nurse 

endosperm is the nigh success rate for hybrids obtained. 

Although hybrid numbers are small they arose from no more 

than a few 	hundred flowers pollinated and generally
 

fewer than 	 100 putative hybrid embryos cultured. 

Therefore it is concluded that prospects for large scale 

application of this method are very great. 

Key words,: 	interspecific liyhrldisation, nurse endosperm,
 

embryo culture, white clover, Trifolium repens
 

L., Trifoliurn ambiguum M. Bieb. , Alsike 

clover, Trifolium hybridum L., Ornithopus 

sativus Brot., Serradella, Ornithopus 

compressus, Ornithopus ptnnatus (Mill.) Druce,
 
Lotus pedunculatus Cav., Lotus corniculatus L.,
 

Trifolium uniflorum L.
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1-8-1 Differential Interspecific Compatabilities 

Among Genotypes of Tri fol ium saros iense and '. pr
n 

tense 

N. L. Taylor, G. B. Collins, P. L. Cornelius, and J. Pitcock
 

In i vers i ty , f Kentucky, U.S .A.
 

Interspecific compatibilities were investigated among genotypes 

of Trifoliun saros iensme lIazsl. used as femailes and T. pratense L. 

(red clover) ised as :iales. lhis resealrch was undertakenl to intro

duce perenniaLity of T. sarosielse into T. praLten-se by hybridization 

and thus increase the longevi.tv of stands 1-f red clover for hay, 

pasture, and soil isp rovement. Objectives if the study were to 

further the knowledge of interspecific livhridisat ion barriers in 

Trifolium, and to isolate clones of T. sarosi ense and '1'. praten.se 

wic c-uld aid in their eventual. hybridization, either directly or 
by embryo re.;cue. 

Twent-tliree clones of T. sarosionse were used as females to 

cross with eight cl.ones of T. p rlten!;e a males. Plants we -e 

maintained in at growth chamber ,'t hr 1.8C and ;it a plio'operiod of 16 

hours, so thta t al l.plants flowrad cooti.-1iualy for 3 ye"',;s. Seeds 

were disCted froml osa and vi sal il c 1Lassi it,! into four c'nte

g.ories of seed si;se. Class I seeohs were largest and based on grow

outL tosts weri consideired to be st If!;. 

Parental gnotVlu' wore , igo if[canLlv di fferet in seed set, 

but no coibiniati on produced i,/brid Steed, that would g;erminate in 

vivo. T. sarosielnie X F. prtloell. illtei';Ition iffeCls, wiliie 

sign ifiCant, woeLC no01tas imporllLas Lilt'ftenhe e'ffects. 

T. ;aro, iise and T. pr/attl-iseo clones that produced relatively 

large almlouts of class I I hiybrid seeds (the largost) also tended to 

produce tile. largest ainlitlis Of class I II seeds (tite oeXt largest), 

bUltdid n1Ot ofte p rtduct [argo,,e aoulllst; of cl;ass IV seeds (the 

sisal lest). It was iferred that productii of class I I and I II 

shr ive led seeds I,is of, reater importil(uce than pi'oduLction of c lass 

IV seeds. C1 ss 11 anid II l '\'yb;i, al hOlh not capable of germi

llluting ill wer'ee If m',eSCied tissue cultureVIVO, Ilulo ki via 


bec.ause if th, ir del l\''d abortion.
 

Rcourr'telll selctioll foir viable seeds piiol,ably would be effec

tive f-or interslecif i iihbridization. In the present hiybril, 

hlowover recol''tlmL selection is not niecessarv since ellmbryos are 

heimi" prOdutlcd which ;ale suff icientiv developed for rescue by tissue 
ciui tare. 

Kev words: red clover, perenniality, hybridization, embryo rescue. 
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1-8-2 Successful llybrimization of Red Clover with
 
Perennial "Trifolium Species via Embryo Rescue
 

G. Bi.Collins, N. i.. Tnylor and G. C. Phillips
 
University of K.ntucky, U.S.A.
 

The objective of till:;r'esearch w s to hybridize long-lived
perennial Trifol iun;mmtc:i agronoimi call y desi table foragec-:; with tie 

specieS; red clover (TIr I fol itimllmm
r .tell-s c 1,.) . Nilillerois prv lomis 
att-empts to 	 hiybr idiZe red lover wiLh ierenni;! Tri foliuni species 
ising convenilonml I crossillg mroc-dillreS 
have beell unsUccessful. III 
Lthe I)'esetll eeari, illViLro ell'bryo cliore methods were used to 
faleill taLe Liltr(coverV lld growth of hybrid emhiryo.; prior to in Si Lt 
emllbryo iOcItMI oll. The ha or efftirL wM; di'ectemi toward tieit cross of
 
'I ;-io:; 
 elmme Ift;: ; .	 with red clover. I Ielilllinlail'efforls have beell 
limhde Lo 'rmm ig ;I;"cIover (I . mmed [lI1 .) and T . a 1p.e tre 

1 
I. wi tHi 

iro dl m ovm- . 

Ciromse ; m.4er mimmImLewi t tie perennial s.pe-ieS m;(rvillL
, 

;is feIM Ce 
pmmmtm; . ]'ilinbrvos were dissected miwpt leally flOIm po.!lilMLted florets
ait: 1'2-11 daLy if t -r Iiii ' l 'or :;(s were lIale. ''im immatu!re embryos, 
prcim ipill' , 	ImL-mir ; ltg, we'tr, cllitmired ti agmmr-mmol id!.fied l l tr'iellt 

odIi f-Ifom11m1m01liA I d LIMmit (dveloIeId mev i ou:; IN for Ls,-sme ;ind celI 
'It mIm, , 	 rmm 'lvem-. 'lihmeim initialcultore ieriod for 8-14 days- was 

colltlinlim; .1 hm;lom; .i 'mm iI:: a cilientrat I i of Sumcrmose, a imoder,'aLe
 
I,'e Im aif:;in, aind .I lo.',cv tolli ll activity. The hig,,h level of
 
SmllCl'o;t ;itc;! I 'Vmmlt('I 'I'-mimet mli:; 
 fer i mlmtLion of radicles from the
 
tm'blvmms, Ii Lit- levl,; of pm-myth ri',tm-iotrm 'u edIII lowed for time
 
imtmitrl O bim
ion oI L i~lm-oS. F'hmbrvo which i;mVivemI Lhis cil Lure
 
l'eLILem lt w f rm i;I erred aI InT1dillll
rim wi iti low ;lmiXill1iimdlod ertolC
 
C'm'[
L illilllem-im;, whiclh encmmmmirmmmed .,hoo ierlllinmit li. liy rid shoot 
limil mc-Limm; i mllm'tc;lO;Ol Ai lmm m;ixill-ii II liim niedilum;, amdWmTi I M C;- kti 

SIbsiIllmmihI-m1 l'mtemd b'fore tlransm;fer LO i I ill tLil greenhouse.
 

}{ll l)blidr'r pl~L INvC' 1)(4-11 Ohtililled 1-1011 thet CrossH T.
.l S 


m;,tmcmqiCl C i-: I[' '.: emi;m,. Ammut 1Il. of thlim'lt ri!ed enrymo; were 
I't';cll'd mmmithe mmLimi IIIL mc- pim l-imi.. 1lVe 1 lilleS of, the hybridm;m-
h-mm-cr-	 mmimmi m; It]I L tml tIli'urit.m"mmmm1 ' .I etsqimled m were ve 'if iedi n1 mL; to 
be mvbrid ll ii- m: 1 o, ln!,,ic.'l and mmm om;f:; ":;mm o , fimmet icml , bioche ici l 
cvid iemm'tm;. I i mt 'ie t , thn I -hii: lml itmImmi I'mo t hami t 	 if tim, pele lilml 

[llllt % ;d5 ill mh PI'e
iIW I id. immmin Irv effort; with itie 
m' ;!; i I " I mmml;iltl IllI .'I. l m;t. ru X.i LhI ri-cl I Ivir haive mimrodIiced am 
!c-. p lalim ; wm;il Lime ;llmi nl lltmmmi;, mIt v(m'Ii i cmLtimiii; Ihive ImOt be i
 
mc i mml
rmmmd.
 

IThecmimi"'mo I'm,;meIm( m mLi ii::mmil iin[Atiem mtml ic-'siMmve
mrme- tmmm 
ir-t;L di; tciit-	 Ifir.t ; :m ; I , ver i-m .,dem imi ; I'll i !; omf -Im )m lllli-re ll 
Tri oli m ;peci ith ricilmmver. li1i-;;,- iio-mmmlm-i s mhouldbe isefml 
for pmm lini, mthe'l mmti-rm-m: if ivbrid ; of red cl'ert-. Tile tramnsm-
Fri- if m'-llm-; for Lhe pm---' imlC] e acter tL red clovmer from inLer
slpecificm lvhrids w;ld he mmf;'ret Vmliuie il tih m4fficient production 
Of I-m Clomvci bmy imlroving fi-lid persitence. 

Key words: 	 red c lover, pmr;ist-ence, Tri foli1im, hybri.d.ization, ii 
vi trm, ei-l-ro remmcue. 
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1-8-3 Phy Iogefnet i L c I 1VOS t i g;t ions of 

Apomic tic I'a"pam and Re lated Spec iestiat atum 

1ia,'ttl !,. Bu l';O 

USDA (ra;ss;land, Soil ad Water IIRiso arch laboratory, U.S.A. 

Common dalI irgrass, Pajspalum dilatatuun Poir, is an Important 

forage grass throughout much of the warmer regions of the world in

cliding; the southern IUnited States of iAmerica. Apoml xis has been an 

important factor in the origin and preservation of this species. it 
pair as 20is a 50-chromosome natural hybrid with 3 genomes which 

bivalents and 10 univalents at m seiois.Because it is a pentapiold 

obi1gate apomict, plant breeders have been unsuccessful in improving 
altered by radiationthis Species. The apomictic barrier ha; not been 

or interspecific hybridization. In an effort to circumvent thii 

apomictic barrier, a phlviogenetic investigation was initiated to 

identif. its; progenitors, to eventually resynthesize the species, and 
tetraploid, vellow-antheredto allow bre-edinp progress. A sexual 

hiotvp if;clselv related to common dalfiisgrass; and its chromosomes 

a re Iomolo;ous with 40 chr,mosomes of common dallisqrass. The yellow

anthered biotvpe war. used as a cytological substit ute for common in 

crossed with other Plalsalstm - species.0,e phviogenetic program and was 
Two diploid ;pecte', I'.intermedlIum Munro. ex. Moron and P. jurgens j 

with a yetlow-anthered dalli:sgrassitackel., have ,enome!s homolog ous 
.1.1, andtI 11 1.1 have been assigned to genore. Ihe ',enome Cormul a; II, 

ium,'uren,_ii, and veIlow-anthered dal 1isprast , respec
that 1). intermedum and P. jurens.Ii

P. itermedm 
tiveI "'. 1Filldin to dit indicate 
Or lose lv relaled ;pecies are the ancestors of yellow-anthered dnlis

gras;. Informat ion from hIiv;-;i(I;invlvi ig other fpec i es indicates tI1e 

I and ,Agenomef, are .wide;pread in the genus;. Olt or both of tile 

)'s-nemes or e'volved forms have been identified in s;pecies of tile 

)ilatata, Paniculata, Oundrifaria, and Virgata groups but are absent 

in the 1)i;icha, Notata, and Setacea groups. Coumon dalli.sgrass has 

tile genome formula iII M \ where X i; an unknown get 'me. It was 

proposed that tile ,rass originated from aI cross between a sexual 

tetraploid with the genome constitution II IIand an afomi-tic 

L XX. Efforts are underway tos identify the itexapoiodhexaploid II 

;pteC ies.
 

'.. words: common dal ligross, yel low--inthered dal I israss, Patipalum 
interspecificIntermedium, P. jurl'esii, chro-osome pairing, 

hyb rids, g;enamel;, specie relationships. 
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1-8-4 Cytology and Breeding Behavior 
of Ci cer ,lik, etch 

R. 1.. Lat tore I I and C. H'. 'rownsund
 
USDA-SEA-AR and Colorado Stare University, U.S.A.
 

Ilicrosporocytes froi ofplants ricer milkvetch (Astragalus cicer 
L..) showed a variable but relatively low frequency of -nol-Lival-nts at 
first metaphase of meiosis. I'leiotic i rregulari Lies that are associ
ated with multiva lent synapsis, including univalents at first meLa
phase, la-,ging chromlzosomzzes and dividing Inivaltnts at first and
,ecciod :llapliase , wi'le observed also. 'lie relatively low incidence of 
these event; indicates tlhiL they are ain improbalble source of signifi
cant genotypic inistabi Iity, orinferti I ity, phenotypic variation in 
tlhis species. Io re si g i icant iiid il)ressi ye is the degree o f 
di ploidization that his occurred and the essential regularity of 
meiosis that this confers. 

The polyploid niature of cicer milkvetLch is itself a potential 
buff r igainst t ltv plienotyiit cconsejiluences of meiotic irregularities. 
Alil loidy lor sinlglle cfhrorlOSOmtz; characteristicallIy inovolves loss or 
ga li of single honiologliis of a group actuially or potentially involved 
in the formation of qadrivaltiilts. Ifel(le, genetic effects of such 
ga in or loss are minimized by the geletic reduinlancy Colsoqu it Oil 
the qnldriplex condition. 

Ciceir milkv't-'ii is firobaily an mitoallooctoploid that has been 
filoidized fy iatuiral stel Flour its cOis' iIuentct ion. of geniomes

are' homlltIogouis is tvidlenic l by Lilt- fozniiLioll of ijti -valpIlts. 
fomtlog i os of thet otflt'r four ginollts are ullcertain. Available evi

dfeiic' favio's the hypotfhe: i; that crer milkve -I is a Irigenomic 
aiitllloploid (AAAAIMICC) in whiclh honologies from two of the three 
golillnie-tyflt's pa ir tre ttro ti.illy to form bivaltio ts. 

Key words: cictr inilkvetuch, As Lrai 8 a Ius c i ,r L. , mieios is, 
Initivalnts, meiotic irregularities, autoallooctoploidy. 
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1-8-5 Successful Incubation of Alfalfa
 
(MIedicago sativa L.) Pollen Plants
 

Xu Shu 

Sciences, 1eilongjiang, ChinaInstitute of Animal 

well as its differ-The induction of alfalfa anther callus, as 

entiation into plantlets, has been investigited. The results showed 

that the anthers of 4 varieties of alfalfa were successfully cul

tured in vitro, when those witit uninucleate pollen grains were 

basic redium N 6. 486 calluses were induced from
innoculated on the 

4540 anthers, the successfil percentage being 10.7. 971 green 

from anther callus, the differentiateplantlets were differentiated 
being 20.6Z. 733 plantlets got rootlets

frequency af anther callus 
had no rootlets. The percentage of root formation

and 238 plantlets 
180 plants were viable. The plantlets' rootlets havc 

was 75.4%. 

soil, the root developed and the plantlets

been transported in the 

may be viable. 
Among the 4 varieties tested, the local variety of Long-Nu 

I was superior. 126 green plantlets were differentiated from
No. 

callus No. 61. 30 plantlets were viable, but 5 of the plants were
 

sterile. 
the chromosome number ofCytological observation showed that 

tho rzCo tip cell was 16, showing haploid. Iliat haploid plants 

grains was proved.were derived from pollen 

Key words: successful incubation, alfalfa, pollen plants. 
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1-9-1 Differences in Pliotosyntictic Types in tie 
Laxa Group of the Panicum Genus: Cytenogenetics 

and Reproduction 

J. II. IBouton and It. 11. Brown
 
University of Georgia, U.S.A.
 

Several grass 
species related to Panicum milioides Nees ex

Trin. , a species with intermediate photosynthetic 
charact,=ristics, were collected in South America. 
 Panicum
 
prionitis Griseb. was 
found to possess C photosyntesis.
Panicum schenckii Hack. and Panicum deci iens Nees ex Trin. were 
found to have intermediate photosynthesis like P. milioides. 
Panicum laxum Sw, Panicum hylaecium Mez. , and Panicum rivulare 
Trin. were all found to have C photosynthesis--In this study,
we describe the cytogenetic anj reproductive characteristics of 
these species for future studies of hybridizations among distinct 
photosynthetic types.

A basic chromosome number of 10 was common for all species.
Diploid (2n=2x=20), tetraploid (2n=ix=40), and hexaploid
(2n=6x=60) accessions were found. P. p_rionitis possessed a 
diploid and tetraploid accession. P. m wasoifT-Tds diploid, P.

schenckii was hexaploid, and P. decTpiins exhibited one diploTd
and one hexaploid accession. f. laxum, P. hvlaeicum, and P. 
rivulare were all Letraploid. -lh-e--was stale and primarTly

bivalent pairing at metaphase I in all species which resulted in 
a high percentage of stainable pollen. Embryo sac analyses

showed normal sexual development in all plants except one
 
accession of P. prionitis which 
was found to possess multiple

embryo sacs at anthesis. Self -pollinated seed set was high in
 
all species.
 

An intraspeciric hybrid resulted from a cross of two P.
 
laxurm accessions. Although 
 this hybrid possessed more 
tetravalent pairing than either of its parents, it did produce a 
great deal of viable pollen and seed. 

'lhe similiar and stable cytugenetic characteristics, as well 
as similiar taxonomy, 
indicate possible success in producing

hybrids among these speies fur, a genetic study of photosynthetic 
characteristics in grasses.
 

Key words: Embryo sac 
analysis, C3 , C4, and intermediate
 
photosynthesis.
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Othor
1-9-2 Breeding 	 Cenchrus c iliaris and 

Apomictic ';ra5ses 

P. 4. Voigt 	 and B. L. BursonE. C. Bashaw, 

USI)A-SEA-AR, Ccllege Station, Texas, U.S.A.
 

with little 	 success in
Efforts to breed apomictic grasses met 

the past but results of more recent research show progress in some 

species and exciting new prospects for improving apomicts. Early 

basis for apospory and diplospory,
research explained the cytological 

showed that 	apomixis
the common apomictic mechanisms in grasses, and 

offspring. Discovery of sexual or par
is transmitted from parent to 

plants in several species allow
ti-lly sexual (facultative apomicta) 

genetic studies. Research with 
ed for hybridization and 	 subsequent 

data from most
confirmed inheritance of apomixis and

several species 
was simply inheritedthat method of reproductionstudies indicated 

by no more than two genes.and probably controlled 
_,f control and manipulation of obligate apomixis

Demonstration 
of sexual and apomictic plants and production

through hybridization 
potential of using apomixis

of true-breeding hybrids 	 established the 

in a breeding program. Soon thereafter obligate apomictic hybrid 

use. Reports of progress
were developed for commercialcultivars 

is considered very sig

some earlier contentions, scientists foundin tihe breeding of some facultative cpomicts 

nificant. Contrary to 
can b. recovered followipg hybridi

that hijhly 	apomictic hybrids 
plant.; capable of both a;omictic and sexual reproduction.

zation of 
curvula and 	 Paspalun

Efforts to improve Cenchrus cl itris, E.ragrostis 

dilatatum are discussed. 

Key words: 	 buffelgrass, apospory, diplospory, obligate apomixis,
 

facul tative apomixi;, trethod of reproduction.
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1-9-3 Genetics and Utilization of Apomixis for the 
Improvement of Guinea Grass (Pan icuIn maximum Jacq.) 

Y. 	 II. Savidan 
Office 	 de la Recherche Scientifique et 

Technique Outre-Mer, Ivory Coast 

Natural polymorphi:;m in Guinea grass (Panicum maximum Jacq.) has 
been stabilized in tetraploid biotype;s by apom ixis. Sexual diploids 
were found in East African populations. Our objective was to deter
mine whether apomixis could be related with a simple genetic back
ground and manipulated in an improvemlent program.
 

Apomicts of Guinea grass are characterized by a 4-nucleate 
 emn
bryo sac structure, and this trait was used in genetical analyses to 
differentiate apormictic from sexual hybrids. Progeny tests were also 
conducted as controls. 

len different types (if progenies were analyzed: tetraploid 
sexua I (from cClcli icint, treatmont of diploids) x apomictic Fl hy
brids, selfed and back cro;sed progenies of sexual I hybrids, three
way hybrids 	 combining informat ion; from one ;exual and two different 
apomicts, s,.Ifkd and bacl; crossed proplenies of sexual three-way, sib 
mating progenies (crosses between sexual hybrids or sex x apo combin
.ti ,ns), test crossed provenies and selfed progenies of facultative
 

apomicts.
 
All the data fit with a single gene model for the inheritance
 

of apomixis, in which the sexual diploids would have the genotype
 
aa, and the apomictic tetraploIds the genotype Aaaa. Apomixis is
 
d1Or' nant . 

Apomixi:; in 	 Panicum naximutn i; often facultative, but with a low 
percentage of rEsiigha sexuality. i ,hty natural apomicts and eighty 
apomictic hybrid; have been compared, to show that this rate of 
sexuality reriain!, low following hybridization. 

According to these cytogenotical and embryological studies,
along with other data from plant evlution studies, an improvement
 
schemti has le,,n. drawn and successffll I y tested. From each cross
 
combination o half of the 
 hybrid.; are apomicts which can be im
mediately propaga ted by means of seeds if they are found to be pro
mis in g. 

'4e have conl I1v;iv ly demonstrated that apomixis could be simply
manipulated in in improv,,ment program. Different hybrids adapted to 
the humid tmopical lowlands of West Africa have been selected. The 
conservation of a large g,,ermplast of Ciinea grass and related species 
has also behen real ized. 

Key words: 	 Guinea grar.,,, Ranicum maximum, apomixis, embryo sac 
analysis, crop improvement. 
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gayanus - A. Tectorum 
1-9-4 Hybridization in Andropogon 

(Gramineac) Complex: Potential for Pasture Improvement 

B. E. Okoli and 0. Olorode
 

University of Port Harcourt and
 

University of Ife, Nigeria
 

Andropogon "ayanus Kunth. and A. tectorum 'chum. and
 

Thonn. are very important natural fodder grasses in Nigeria.
 

While A. gavanus occupies dry habitats and is usually hairy, 

A. tectorum prefers wetter and moderately shaded areas, 
is 

The primarygenerally glabrous and possesses broader leaves. 


aim of this work is the production of superior hybrids 
which
 

would combine desired agronomic traits usually distinctive 
to
 

either species.
 
Hybridization was carried out by controlled crosses 

and
 

open pollination involving collections of A. gayanua (2n=LO)
 
Hybris were identified by their
and A. tectorum (2n =20). 


exhibition of intermediacy in certain morphological 
features
 

and by meiotic and mitotic chromosome analyses.
 
hybrids (2n=30) and
Forty-three interspecific triploid F1 


One hybrid 	was
aneuploid hybrid (2n=33) were obtained. 

highly pollen-fertile (92.1r) and seed-set was very high.
 

Others showed varying degrees of pollen sterility (0.63-1.7.4 6%)
 

Hybrid vigour, and the early regrowth and
 

one 


and low seed-set. 

Manuo


protracted vegetative growth associated with someA. 


clones wera observed in most hybrids.
 

One of the greatest challenges facing forage research 
in
 

Nigeria is the fact that most natural fodder grasses 
attain
 

Consequently,
maximum growth within a few months in the year. 


fresh pasture is unavailable for nearly throughout 
the dry
 

season. The selection of hybrids which combine hybrid virour
 

with the early regrowth and high palatability features 
of
 

A. g-ayans 	(for example), could prove a great asset 
to the
 

The ease with which the hybrids were obtained
forage industry. 

possibilities of natural
and the fertility of some points to 


hybridization and introgression between these species 
in grass

lands where they coexist.
 
Hybridization between some species of Andropo on has 

thus
 
a


been shown to be feasible and holds a lot of promise as 


means of improving the quality of pasture.
 

Key words: 	Andropogon Gavanus Kunth. , A. Tectorum Schum and 

Thonn. , hybrids, vigour, pasture. 
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1-9-5 Ecotypic Differentlation In TAll Fescue 

Prem 1'..huhar 
University of California, Riverside, US.A. 

2
Tall fescue (Fcesttuca arundinacea Sch reb., n = 6x = 42)
 
is , widely adapted fora:ge species which grows In variots
 
climatic, eCdipile ;11dgoigraphIc rg i[IlS. As a result of
 
growlng in dif forent eco-glographic;il hitahitts, this grass
 
has (leveloped .ovevral ecotypes. Although these geographlically
 
Isolated Oco types ire inorplholofi-nl lv s;imilar, hve the sme
 
chromto io, and i r;ither erioss:blo , some of
e mber, ; ll ;tro ;i ly 

them are r..prode t ivolV7 olatedto s evidliced by the COmiplete
 
sterility ot thtir hybrids. 

To ellitcid;ti tho 'vtioie ll'(i t l ; ()I this reprodict lve
 
isolation, itOirillIV 
 isolated ocoLypes from different
 
parts of the wiorl.1 wcre cros t(td in a ll pol; il comb flat oils.
 
Pireintal iicotvpol ant their 
lhirfid fomili( (including some
 
reCiprocalIs) wore s;Iudikl with respe 
t to their Ioiotic
 
pai r ng a1d polleln fortility. All p;areita] e'VotyteS sl'owed
 
regular mieiosis wiLii tle formation of 21 hivalents. lyb 'tlds
 
between ic1 ;, pirticlli:rIly will tie o(ouii1 )PiLVp tilio); 11;tTlt o
gr i;tpi ca (Ii t r i iitt,,) , ) iad rg i Ia r TOio;Io ntl were
 
f rL.i I(,. lloivi r , i'riossOs 1l,tweetn geogrnphi cally
i in ic,rtii 

isola f.d 
'cotypos, hy hrii; li ext rome lv i rro, Ilar mieio Is 

111:(e r-1. tIwit1 1 Tml Ll iv% ,;I It ; a ld(/') r Ili aI e 11 [I-; c')Io llsq If(1L IyV
 

th(t wer, complot ,-, t.t,ril,. Thus, hyridk beitwien north
Euzop,un (or-n r ~IbIAm(,ri('in) and norzth Aftric;an e~cotypes were 

1% irro,,,.lar ;iTidfv(iiot ic'al St,,rilol. 

i tudi is; show(d I form
at fil rns ltiln'.i it Inh.Irid storil I i t' is 


leitd that O×toMtS i Ve milI t vo'it 
ilt itie to tran! Iocation 

Iltrt'r Zygo;it y oIf lei pirental 'titp is. However, i t is due 
to hri;itidown in i the hybridks if 1_ roegitiatory mtclianism which con-
LroIls dl pi)id-]I i ke 'hr o);otm, tp irin ii the parental veotypes.

lit in o ';' ion thitoiga( ( liphic I *vdi tverse oco(Lvltes
Ie'k L'' t the in111t' iv;t i(, fA th(, l I i i i ulocm.(hanism, re

;tilt iii. i [I ..,:I !'; iw, h il l I o, t; 1li i ri ti ( it i vii I otiit fo rma t i on) 
iti uih t( i lity. I is i f TI)%('t tdi tii ri,.-.d ntedl method
 
f Lor r-It
th, 
 in o! ripr)d lt iv, i sIlit ion I rirrlers io'tw0 

liiii'.' of Lho ';Alo !l o WIhIlit i( . .t(oi cetit ic, phC,' i (-I, tirt ;and 

bIrOOTl in I iIil al:ItIs i hit i p iridiit I (. iSio l;It. ioi t unliq i I r i 
ilieelia iflJ ;Isre di i cills4;oi . 

Ve', wo rds tml I f escue , ch romosotl pa i ring, ecoLv [es, 

-product I v i.so aLIil . 
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of ILergumw (ermplasif
1-10-1 Preliminary EvaluatioO 

Brazilin the Cvr'adwo of 

I 'loma!; and R. P. do Andrade 

Tropical Patu;rres 'rotrar, CIAT, Col otbi a, 

and 'MIRAPA-CPAC, Brazil 

The Cerrados of the center-west regioen of Brazil occupy 180 nil

lion hectares and are classified as well-drained, tropical
 

savannas. The Brazilian cattle population numbers 110 million and al
mo;t 40 percent is found in the Cerrados. To improve the nutrition of 

attention has been focused on cultivated pasturethe grazing animal, 
legumes. None of the commercial legumespecies, particularly tropical 

cultivars (mainly Australian) can be reconmmended for large areas of 

the Cerrados. Those of species such as siratro (Macroptilium 
(DC.) Urb.) and leuca:!na 'Leucaena leucocephala (Lam.)atropurpureum 

DeWit ar-e not adapted to these acid, iirfertile Soil wi-tha high 

aluminum content, whilst Stlosanthes Sw. spec es are highly suscepti
ble to the fungal disease a,-tl ns- (Colletotrichum qloeosporioides 
Penz ). 

was select legumes thatIn 1978 an evaluation program initiated to 
(i) grow and produce seed on acid soils under aluminum and water stress, 

(iii) tolerate pests and diseases. The(ii)persist under grazing and 
work is being conducted at tlW Cerrados Agricultural Research Center, 

to 1100 i. Rainnear Brasilia at latitude 15' south and altitude 1000 
fall is 1578 rimi, mostly distributed in a six ronth wet season, and 
mean annual temperature 21'C. 680 legume accessions from 13 genera 

on the two major soil types ofhave been established as spaced plants 
the region. The p11of the soils is 4.6,with aluminum saturation in ex

cess of 6O percent. Known nutrient deficiencies were corrected. Re

sults are reported for 352 of the accessions over a two-year period. 
The ,Tost promising genus is Stjlosanthes. 17 accessions of S. 

S. capitata Vog., S. scabra Vog. and S.viscosaquianensis (Aubl.) Sw., 
Sw.lr-ve combined good a-aptation to acid soil c--o-nditions and good 

tolerance to pests and diseases. All S. yuianensis accessions belong 
to a distinctive group of fine-stemmed, hTghyviscous ecotypes pre

as the "tardio" group. Their outstanding attributesently referred to 

is tolerance to anthracnose, the major limitirg factor to the use of
 
the genus in the region. Seed of the selected accessions is being 
multiplied and observations will continue for further two years bea 

fore promisi rg accessions enter the second stage of the program for
 

The number of accessions of Stylosanthes hasevaluation under grazing. 

been increased further within the program.
 

None of the other genera have shown the potential of the genus 
Styjlosanthe_s. %ew Calojogonium Desv. and Galactia P.Br. accessions
 

were no rore productive than commercial control cultivars.
 
Aeschlynomnn L. accessions were highly susceptible to anthracnose
 
whiIst those of Pueraria, DC., Teramnus P.Br. , Vijna Savi and
 

Centtrosema (DC.) Bnth. species g relatively poorly. Zornia J.F.
 

G -cl.-cceTssionswere very vigorous but all plants were very suscep

tible to an insect-virus-fungus complex. Tolerance has been found in
 

new ecotypes of Z. brasiliensis Vog. Most Desmodium Desv. species
 
shwed poor vicar and were affected by the disease I ittle-leaf myco

plasti". Ohservations are continuing with these other genera but in
on a more limited scale.
.roductions are beingi made 

(-,;'' ,nrd!; : !;'vnnims , c, rrardos , Bra, i I , anthlracnor , Col letotri clum 

t-loeosporio idos fl'ez. , Stlosanthis , anbaptait ion. 
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1-10-2 Introduction and Utilization of Three
 

Fine Legumes in China
 

luang Wenhui 

General Bureau of Animal Husbandry,
 

Ministry of Agriculture, China
 

China has a vast territory with extremely varied climate, soil
 

in pasture grass resources. This
and topography and is very rich 

fine


article deals with the introduction and utilization of three 


legumes.
 
1. 	Alfalfa (Medicag sativa L.) 

China has a history of 2,000 years in the cultivation of alfalfa.
 

area now is about 6 million Mu 0l Mu = 1/15 hectare),
The total 
of planted grasses. Alfalfa is distributed in morehighest in area 

than ten provinces located 350-450 north latitude. It is adapted 
-

areas where 	 the annual mean temperature is 50to growth in those 	 00 
12'C, the annual accumulated temperature is 2,700 -5,000 C (above 

00C) and the annual rainfall is about 400-600 mm. It is not easy 

those wher annual temperato survive the winter in areas the mean 

ture is below 50 C. 

2. Yellow alfalfa (Medicago ralcata L.) 

M. Falcata is tolerant .o low temperature and can survive the 

winter safely under the low temperature in the northern part of the 

Neimenggu Autonomous Regirn and lleilongjiang Province. Furthermore, 

as parent material for alfalfa breeding.
it can be used 


3. Shadawang (Astragalus adsurgens Pall.) 
a perennial 	legume. After introduction and domes-
Shadawang is 


its wild variety, 50,000 Mu of Astragalus adsurgens has
tication of 


been planted in rec-at years 
in the areas located between 33-430
 

tolerant of cold weather, drought, and poor
 

resistant to wind erosion and desertification. Aerial
 
north latitude. It is 


soil, and is 


seeding on the loess plateau in the Northwest of out" country has
 
areasbeen successful. Astragalus adsurgens is adapted to those 

where the annual rainfall is about 300-500 mm. But Astragalus
 

fruits or bear very few fruits in thoseadsurgens could not bear 


areas where the annual mean temperature is below 8°C, the annual
 
0

is below 3,600 C (above O°C) and the frostaccumulated 	 temperature 
free 	period is less than 150 days.
 

Key words: 	 legume, introduction, utilization, adaptability,
 

distribution.
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1-10-3 Iledysarum mongolicuim -- An Important Protein
 
ReOrc i Leguie on Dry Sandy Land
 

L~i Mill
 
Grissiml;iid kR'sc':ircli Institute
 

Agricultu ral Science Academy of China
 

To improve dry and poor sandy land with legues has been recog
nized as very difficult work, becnluse annual raiifall is usuallI y less 
than 300 mini in the s;andy arelas. Under unirrigated cond itions some 
crops of legumes and grassi';s do not adapt and grow. 

Ih.edysarun mongoIicum i s a Iperln in l sub-brush legume, one of the 
sweetvetclh genus plants. 'The (hinese name is Youngclea, which means 
"sheep like 	 to cat." It can grow well in stable or sub-stable ;and 
dint areas. I favorabi- growing condition; the main stems reach a 
height of 1(1-0150 cm and ti' plant canopy is gen,ral ly 100-150 cm in 
d Lime ter . 

itiv :;ve' :; o'. 1. mon'o I icn were co1 IIect dI and planted as 
Vegetative material in the -taowiirii desert from 1957 to 1964. We 
made the studies of the II. mongoiicm ipeciel; distribition, wid seed 

charactrs, biological features, md nutritional (volution. 
'The ;we.tvetclh Yoiingchea is bi in; -:.:panl ed in some areas of Inner 

Mlngo lia; their successful experience wa s in thi' county of Chingsyahe, 
where 2i00l0 in have been plaintod by eit, . T' nutritive value and 
5Ollw( alllinn} icids were un ily'/ed. 

-;:seetv clch Y iOiiichiea his a Ion(, tapi oot. It sllayb- ill in 
depth . Be Iow lhe c rown severa I buls of cr' 'iil i,,-'oots .hoot . Thie 
strong rh i zomat,,is br.mchi's will grow 5-6 inI long, alIong thIle .;anly 
soil 20-30 cm below the surface. .e have investi, ateLd the develop
nent of ill 	 root systl of 'ialng'Ciea in lint i v' salld diiii1e . TIIU 

creepinp:-roLs of an individual plant expand 30 sq. m. and their 
total Ieingth is 08 il. ' shoots ibove the ,round have 81 clumps 
they look like a v st vc'.'etatLiv' cover. 

I COIt; of YOUIIiChi'a are ispuin'[rablu' to water. The seed 
:;hould be praperl-,' s;carified betfor't seediniu. in ie coilinty of 
Ch in Syahe t1lty ,pri n;ii .'ldlio;S u;ual lIv are more successful than 
Lit sulem.r .ei ,ips.During the first year few, flowers bloom; the 
plant; irow only iitritioml Ibriiuchies. Ill t SOCOld year theyell 
be, iii toLI ow,-r . iim iful ; ;pict; on theli ellow sand ire formed by
purp1 -rid lowr''; nil 'ri'n bli ,',; ill .lu y and Autgust. The an ,'.il 

I, i ha re 	 ch, ; 4500 k, /ha, till' harvestinst ;s,-;s 101(kg/ha. 
'i[luiu i'' i; a hihi lprot.ln plnt. Its; crude proteiin contents 

of il I dry 1;:11t Ltr i:; 'lore tii'i 20 iii the flow-ring phase. Several 
,liino acid coit iti t'; ,in,' i, at r thlii 'ad',; of dehydratetd alfoi f1 . 
Thi: Y n ' chiiea tor hay is v,,I-.'. ,oa I; ml, t animal; like to (at it. il 
winoter. It i.i idaptil to i l'veovb - y land ald to establish 
Igiue-bhased pastures, on dry s:ti' e t;ntmd. MIany s ed produiction re
gions; are e'stAbl ishud ill lin,,r Mongol ia. 

Vey words: 	 sw';,etv'tch , hItedt-sir i miongolicum , legmeiise, protein, 
resource, dry, u;ltdy, land. 
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1-10-4 A .torpho log ica I Ata lysis of old Al fa I fa
 
Poptl I at ions in North Dbtakeoa Rai,;o land
 

R . J. I,orc t , I. 1.. i ,-'s, al'd A. 1. i It a 
USDA-SEA-AIl , Nrthlrn i ciL Pl'la i n tResalrch Cont,.r U.. S.A. 

Objectives of this stud7 were to determine the magnitude and 
general di .ection of introgression in heterogeneous medicago sativa 
L.-Medicag , falcata L. alfalfa population.,; from semi-arid rangeland 
and to ev ,uate inter- and intra-site variation. Leaf size and 
shape, plant size, flower color, and pod shape were investigated on 
2,750 pLants randomly selected from nine sites located near Mlandan,
 
North Dakota, USA. Sites consisted of: three tests of Mi. falcata
 
and M. sativa abandoned many years ago; three sites with escaped
 
plants in onceultivated rangeland; two old abandosll alfalfa
 
nurseries containing both M. falcata and M ativa; on,' site 
 on 
terraced hill, planted to a mixture of t. sativa and M. fc [cata. 
Sites of known age were from 22-42 years old. Exact age of escaped 
alfalfa in native range is unknown, but in one instance it caim from 
a 25-year-old abandoned planting.
 

A high proportion of M. falcata traits occurred on all sit. s,
 
but the proportion of Mt. falcata and M. sativa traits varied among
 
sites. For example, on two adjoining sites, originating from tile
 
same seed source, M. fal cata shaped leaves occurred 57 percent of
 
the time on sIto I and 67 percent of the time on site 


. 


2. M. falcata 
pod shapes occurred 57 and 77 percent of the time, respectively,
while M. falcata flower color occurred 27 and 77 percent of the time 
on site I and site 2, respectively. 

A wide rang-e in flower color indicated that introgression was 
still progressing and that alfalfa was reseeding itself. Very large 
old plants were also found, indicating that the populations 
conta inod genotypes 'aitilt ext rome longv i ry. 

Only 25 of 1,148 genotypes selected from these sites for 
transplanting had vegotative root proliferations after three years 
rowth. Seven were from one site and were predominantly yellow 

flowered, whi 18 were from another s ite and were predominantly 
purple flo.;,L,-d. The 18 came from early plantings of creeping
alfalfa from Swift Current, Saskatchewan, Canada. The seven yellow 
flowered creeping alfalfas probably trace back to alfalfan brought 
in hy the earl, plant explorer N. E. Hansen. 

Those findinqs suggest that when M. falcata and MI. sativa are 
interpla;,ted into North Dakota rangeland, yellow flowered M. falcata 
persists as well or hetter thin common M. :;at iva. tM. falcata 
de;erves more consideration than previotlisly given by breeders of 
range land alalfs. The low frequncy of creeping genotypes may 
only reflect their proportion in the original population. However, 
it is obviouts that at "'1:toan, unoss havily grazed, the creeping 
tr. t is not essential for pern;istance. 

Key words: alfalfa, Medicaqo nativa, t.edicago falcata, rangeland 
alfalfa.
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Rhizoma Peanut, Perennial Warm-Season Forage Legume
1-10-5 


G. 1l. Prine 
University of Florida, U.S.A. 

Rhizoma peanut is common name given species in section Rhizoma

tosac of the genus Arachis. 'Florigraze' rhizoma peanut (A. glabrata 
Benth.) has been released as a cultivar by Florida Agricult-ural 
l-xperiint St:: t;ons and USDA Soil Conservation Service. Florigraze 

is adapted to well-drained soils of Florida and warm-humid tropics 

and subtropics arounl the world. Rhizoma peanuts are propagated by 

rhi Zomes, which are lest planted during winter in Florida. The slow

ness of coverage duiring early establishment is the biggest short 

coming of rhi zoma peauts-. If established first, rhi zoma peanuts 

will grow well illmixture with bileridairass (Cynodon dactylon (I..) 

Pers. ) digitgrass dIec u and bahiagrass(D)i'ita ria omibens" Stent.) 
PAtlja tlil notatum F I uvge) . Average seasonal viLe ld of F lori graze grown 

in mixture with a sparse stand of Pensacola bahiagrass over S seasons 

was 1).5 rt/ha. Bahiagrass without peanut yielded only 2 to 3 mt/ha 

annna lIy. Pure Flori ,raze peanut cut at hay stage normally has pro

tein content from 1i to 16% and in vitro organic matter digestibility 

(IVONID) above 60-. Florigraze cut every two weeks had annual dry 

matter '.,ield of 5 mt/;:l, 22", protein, 71", IVOMI) and 93, leaf illforage. 

Over two seasons the dr matter yield was simi lar at 6-, 8-, 10- and 

12- week cutting intervals, 10 mt/ha. protein, IVOMID, and leaf per

centail'2s of Florigraze rizoma peanut progressively decreased as 

lenglith of cutting iiltervaI increased from 2 to 12 weeks. Rh i Zoma 

peanuts cani he used for pasture, hay, greenchop, high quality dehy

drated hay and leaf meal, creep grazing, ornamenta I .round cover and 

a I iving mulch iinwhich other crops and trees are planted.possibly as 

Weeds are tie bi 'gest pest problem with rhiZoma peainuts, especially
 

during establishment. So far, there have been no serious insect,
 

disease or nematode problems with rhizoma peanuts ini Florida.
 

Key words: 	 rhizoma peanut, Arachis glabrata Benth., perennial
 
legume, perennial peanut, hay, pasture, dry matter,
 
cutting frequency, percent protein, percent IVOMD,
 
leaf area index.
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1-11-1 Performance and Variability of Agronomic 
Characters of Populatjons of Stylosanthes 

guianensis (Aubl.) Sw. 

P.S. Martins and N.A. Vello 
University of Sao Paulo, Brazil 

Stylosantlies Lugisnensis (Aubl.) Sw, a legume grown almost through
out the world tropics and sbtropics, shows large variation in morpho

logical and physiol opical char, ,'ri;tics, and bsi c informations 
on genetic variability are needed for future breeding programs. The 
objectives of this paper were to evaluate the behavior of 25 Brazilian 
natiwo populations of S. guianensis, particularly in relation to 
forage valuable characteristics, and to estimate gienetic and pheno
typic parameters for these characteristics. 

The experiment, conducted in fiel conditions was designed in 
duplicated balanced lattice 5 x 5, therefore with 12 replications. 
'Te 300 plots were consCittited by four individual plants spaced 2m. 
'The following characters were evaluated after the beginning of 
flowering leriod: number of days to flowering (OF), w.ean diameter 
(11)), basal area (BA), growth habit (CGi), foliage (F), and green and 
dry matter yields (CMY ;and I)Y). 

Plant survival (90.271) and dry matter vied (mean superior to 
200g/plant, 211 das after sowing) evidenced the satisfactory adap
tation of the species to infavorable environmental condi tions: low 
soil p1l (4.7) and high soil aluminum content (1.8 mneq/l)0 ml), and 
intense drought d uring 1978. 

The resultls obtained in the ;nalysisa of variance and the genetic 
coefficient of variation showed the exi;stence of , enetic differences 
among populations for all charscteristics. Based on coefficients of 
i'enoty,)ic determination (b), .i is expected to be the chiaracter more 
easily alterable through selection; (NY ;ild l)1iY to be the characters 
more difficultly alterable by selection, and the other characters 
to show interiediaLte degree of difficulty. 

The correlations between mleans and intrapopulational variances 
indicate the existence of populations with high scans and variances 
for MD, BA, (PI' ind MY, indicating the possibility of making pro
grass through ;election among an within population,;. For gil the 
correlation (r=0.530) indicates that the erect populations are less 
variable than prostrate populations, and that selection among popula
tions couid be more promisin, tiat selection within populations for 
this character. 

CorrelaCions bietween populations means for pairs of characters 
were positive and sigtniftcant for the six correlations between GMY, 
)1.' , XD and BA. All the othr nino. correlations were negative, but
 
oil y the corro 1at iotns ohf F w i tlh 11 and BA were iepatiy ind signi
ficanti. 'lerefore, for S . Luianeisis , it could be possible to obtain,
 
indirectly, hiiher IMY thro gh selection in favor of UM, MD and BA.
 
Among these characters llD is the most promising for selection,
 
because it is easi, r to evaluate and has the higiest vs Iltie of ii.
 
'uring the practice of selection for large ;.ii, however, care must be
 
taken not to select plants wilh lower F because the tendency of neg
ative correlation betw.,'en titeso characters tt.y lead to the loss of
 
forage quality.
 
Key words StIosathis ,uFias is (AubI . ) Sw, phenotypi c and
 

p'enetic paramtters. 
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1-11-2 White Clover: An Old Crop with a Promising Future 

P.11. 	 Gibson, W.E. Knight, 0.W. :hrnett, W.A. Cope, J.). Miller 

USI)A-SEA-AR, Cilmsonl Unliversitv, Mis;sippi State 
University, 	 North Cairolina State Uiversity, and Georgia 

Coastal Pl ain; Agr icl tural Experilmlli t Stationr, U.S.A. 

White clover (Trifolium repens L.) is the most widely adapted 
and most important forage legume fo~r grazing in the United States. 
The palatability and quality of the forage, the wide adaptation of 
the plants to growth in different cl imates and under various grazing 
conditions, 	 and the role it plays in supplying nitrogen to pastures 
make white clover our finest pasture legume. The importance of 
white 	clover's contributions as a component of pastures has increased 
markedlv in 	 recent years primarily because of the rising, cost of 
-iergy an(n growth in the world's population. The higier cost of 
energy ha; resulted in higher Co5L of nitrogen fortilizer and thus 
increased the importance of SVmlifote li trogen fixat ion by clovers 
and other legumes. 

The reed for a reliable, inexpensive source of protein feed is 
casiing everyone concerned witih the livestock industry to consider 
growing more forage leg'umes. There is universal acceptance thMt 
cover forage is highly digestible. h'is digestibility mav range 
from 60 to 80,7 di gestibIe dry matter. Some of the less obvious, yet 
hi:hily ecooni liC, beIref its of clover in pastur's involve animal 
heaIth, milk flow, calf weaning we ights, anod -onception rate. In 
addition, problems with fescue-foot, grass tetanv arid simil ar maladies 
are minimizsed when grass-clover mixtures are properly utilized. 

Surveys, observations, ,iid results of research show that virus 
diseases are prevahIlt. The0y carrse :ever,e dIimage to white clover 

and reduce persistence. Accordingly, breeding for virus resistant 
white clover has top priori ty in the US)A white clover program. Tie 
errin effort is ar r'ecuriront s;Oletion program for resistance to 
peaInut ;t llL clover ''eilow veill, arid ;,lfalfa nirsaic viruses with 

priority of empiasis ill tlr Lrder list ,d. In one test for prog.ress 
made in the breeding prirpram, tihe incidence of infection with PSV 
resulting from mechanical inoculation was about 70' for Ladino 
compared to 307 for selected materi al. In a studV of the nature of 
resist..:e, results from a 16-clone dial IeL cross indicate that 
suscept ibi ]itty to PSV is cc, -t i oned by both specific and genera I 
combining ability. Interspu-,ific hybridization is another viable 
source of virus resistance. The hvbrids of Trifolum repens and T. 
ambiuri obtained by Dr. Wi I I iams in New Zeoaland provide an alterna
tive and possibly a ;uperior source of vir'is rosistance. Tri folirum 
ambi iuun isI hih reskI stolt if not inimnin to the important viruses 
that infect white clovr. This pes hybrid offers militiple 
reslstance froim on !;iurCe. 

The rise of idapted white clover cultivars, both iow annd as new 
c-.ltivars are developed, should resint in large econonmic sins to 
the I vestock industry in the U.S. Both beef and dairy farmers 
would profit from reduced need for nitrogen ferti lizer, an extended 
grazing season, increased forae production and quality, better use 
of land resources, a stimulation of niilk flow, iigher calf weaning 
weiglits, and hotter calving, percentagles. 

Kev words: 	 frifol ium repros I,., virus resistance, longevitv, breeding 

recurrent selec!tion. 
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1-11-3 Eval at ion of VaIiii : i I ty of NoH:1 I' o l, ic I
 
and Agronomic Chairacter,; ii uplitIi iio 1; of Iusnm itmll


uncilnatull (Jacq.) 1). C. anld D',:unllloilm intcol-tun ,(Mill.) Urb.
 

.'. 01 iv' ir , I'. -.i lrin,;, nd A, I. C ruz, Fi Iho 
di, 'ctli'lIItuihLiii h' loo i':li;'. I 

'lilis research had the t'ollowim, objectives: to study the 
perfonrmance of ciht popiIt rrIs of I).rirticinrritiil ar1l ten lpopu, ations of1).intortni, to I al-(i:rlorolricwith ire Iat iof wroi'pho IogT,,-I Characters; to 
CS t I tc the gerret icvarIt iof Icween Ilop, I a t i ons and between pl ants 
wi thin pop I I at ions; and to Cs t iI:te e l c ald phenotyp ic pareters
to evaluate the possih I it' 01 It iI i:.;! Of selection.iOll 


The experiment wi; ii out at the National Cniter forCas cri 

Dairy (attle Rescarch (M\1tHd\A) Minas Cei'ais, Irazil. It was in a
 
raridomi 'zeo complete block dosit nw, ten 'lire plots,
itith replications.
constituted ly 111hrtwo species, were subdi Vided ineighcIteen sub-plots.
!I:aci su-lplot was ceisliiluted ly for' individual plants spaced by ,
The follor'ing characters wei'e evalra ted from the begg ilii, of tire 
flowering period: I inoth of rt:iin (1lMm,),rurher ofstem lateral
branches (NIP), nuber of' days to fIower-i, NItF, dry natterri 
production (l)\tr , dry Imtter percert age I M(DP). Filer content (FC),
crurde prote in pircinta e ((IT), ''if vi tro" digist ii t( I IVD),and 
sur ival after cttttinr s (,SC). 

The r-isilts ohta1iried ilr Ihc arlilx'sis of vriance showed 
sigrni f'ic~lrrt di ffernces letween ;leciu's fuI'I the characters IMS, NIB,
NDIF,lbfi' and CIT. Ii iddition, si,nificant differv''ces were observed 

-:
cIlra'atlA. i ittfor' al I t IiVSt'd illI). lncill: '. Ill). illt il'to thl 'e
w'ere ' It iolls hiII i rie lat ion t-r IA])oI di ffe red (' 1--,- r ,NlI, , tt'rf 
aird Ill'. 

T'w al Iv' i:; of v':1riarrce o f v;ri:rrces wi t1in :;tibplots
irInicatel Ithe han',C'St V;taiIh ii i I]tr't'Tl plants wi th i rprtpNtions
for NIT .u liit the vl lr,'s tire oforther hatnd, of coefficiert telo
tVpic det'rririat oir(h) welt' hi,}lti' ill1).t inrlattr , so it would be 
co,1icr to ohit;il clries hy S;eli'Ct I-pillilAIiiltIlre tions of this
 
s;rec'ius than illI).rntort:. Based on the b v,ires, NIF, 1::and CUP 
are expected to Iee ca-ui'acters rore easiIN,alterable Iy selection 
illI).ulicillatin,.
 

'ord's:D'-_s 11i1c i -Key w odiut t n. ituin_(,iaci.) 1). C., Dt .';xnodiut 
initot'tu.n (Mill.) Urb., phitotypic ;in1 trentiC 

Fl I "II 'lr . 
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1-11-4 Value of White Sweet Lupin in Prcluction of
 
Protein Fodder and Feeding of Animals
 

0. Sarlic and [. Ramo,;evac
 
Faculty of Agriculture, Sarajevo, Yugoslavia
 

The production of grain of s:weet white lupin (Lupinus albus L.) 
cv Bosna can be successfully ach ieved on acid soils (pil in ll2o 5.3
5.8) in lowland (107 im/altitude) and hilly (518 s/altitude) parts of 
Bosnia, but in lounLainous parts (872 TI/altitude) ripening is not 
certain. Lupin produ s a higlher yield in c. protein and grain than 
soyabean, with highI1er conten of protein in grain but with a deficit 
in amino acids, especially itetlhionine and tryptephane , which are in 
pr ater quantities in soyabean. 

In zhe msountainious region lupin, had a large yieold of green fod
tler (31.3-"2.7 t/ha) in the short growing,oeriod. The green fodder 
in the stage of full pod contains s, low percentage of dry matter(15.6) 
but a hiOh perceitage of prote ii (26.5%), which is even higher than 
the preen foiad,-r of lucerne. 

Si lare of ip in ,alone IsS a high quality (ph 4.95 without biu
tyiric acid), and with the addition of 10 and 20Z of lbarley the quality 
is improved (1 11 4.7-4.8) a; weIl as the energy value. Tlie number of 
feed units in 100 kg of sil'i ie of lupin alone is 9.7; with the addi

lion of 10% of barley it is 16.4, and with the addition of 20Z of 
barley it is 1S.0.FU. Loss of protein in silage is great (40%) and 
smaller ,,f NIlL (15VY), with increas A.,f c.fibers (307). With the 
addition ,f 10 and 20 of barley, the dry imatter in siage increases 
by 17 and 27; and NFE by 40 ard 52%', while the share of dry fibers 
is decrease, by 27 and 30; and protein by 24 andh 29%. 

Dig,.stibility of nuitrients in silapes fed to wethers is high. 
The addition of 'ar ley incra:se; digestibility of dry matter from 
56 to 71 7, arps:inic oat tr from 50 to 70;;, C. fibers from 44 to 53"', 
NIL from 58 to 77"., while diestibility of c. proteins remains at 
the sae lev'l. 

Livweight p, lin of lsmb.; fed on diets in which the protein 
compohnent was secured through ground grain of sweet lipin, soyabean 
or fishmeal was; the same, and 11 i),n iave. eve greater conversion 
of food. 

Key words: 	 white lupin, 1,upinii albus L. ,production, quality, 
digestibility, liveweight gain, sheep. 

64 



1-11-5 Mixing Ability of Genotypes of Cocksfoot with
 
Genotypes of Lucerne and Vice Versa in Binary Mixtures
 

A. 	 Gallais, P. Vincourt, P. Guy, B. Ecnimane, and A. Saurion
 
Station d'Amelioration des Plantes Fourrageres, France
 

Binary cocksfoot x lucerne mixtures, in alternate rows, of
 
12 	varieties of cocksfoot and of 8 varieties of lucerne have been
 
studied in order to precise the possible advantages of such mixtures
 
and to evaluate the intec'ctions between their components. Genotypes
 
of 	cocksfoot (or lucerne) were tested with 4 genotypes of lucerne
 
(or cocksfoot). Results from a three-year experiment are given for
 

green matter, dry matter, and for protein content and yield in the
 

third year.
 
The main result of agronomic significance is that binary
 

cocksfoot x lucerue mixtures have yielded more dry matter and pro
tein than the mean of monoculture with the same average amount of 
nitrogen fertilization.
 

To 	explain the yield of the mixture, tnere was neither par
ticular interaction between the components of the mixture, nor gene
ral effects of the components (except in the first cut of the two
 

years after the seeding year), but there was a general effect of the
 
mixture. However, the yield of each species (direct effect) in mix
ture has varied significantly from one variety to another. This means
 
there was some compensation effect.
 

Lucerne w:ihich was dominant, has yielded per row more dry 
matter in mixture than in monoculture without any change in protein
 
content, while cocksfoot which was dominated has given less in mix
ture than ia monoculture with an increase in protein content. Then
 
environment of the mixture, in this trial, seems to favour nitrogen
 
metabolism of the grass and of lucerne. Indeed proLein content of
 
the cocksfoot was greater than expected according to a negative 
relationship with yield, and lucerne yielded more protein per row 
in 	mixture than in monoculture.
 

The partner (associate) effects of lucerne were very often
 
significant, while those of cocksfoot were not.
 

For each species monoculture performances explain direct
 
effects ; nevertheless, they were not sufficient to explain their
 
associate effect. However for some cuts in lucerne (in the spring)
 
there was a negative relationship between associate and monoculture
 
effects.
 

Then the results indicate a genetic variability of perfor
mances in mixture which cannot be explained entirely by monoculture 
performances. The development of varieties better suited for mixtures 
seems possible.
 

Key words: lucern., cocksfoot, binary mixtures, competition,
 
mixing abilities, protein yield, associate effect.
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Leaf Weight
 

in Reed Canarygrass and I is Effecis 

1-12-1 Selection for Specific 

on the plant 

irving T. CarLson, Dana K. Ctlristenlen, and It. tlrelt Pearce 

Iowa State University aud Colorado State Iniversity, U.S.A. 

per unit leaf area) may
Specific leaf weight (SI,W, dry weight 

crops through a posi
be associated with dry matter yield in forage 

SIlM may serve as 	 apilot osynthesIs. Thus,iive relationship Wi th 
cycles of phenotypieforage yield. TwosCLection criterion for 

SIW were conducted in reed canarygrass
Selection for high and low 

inve i gate di rec t and correla ted re
(Phalaris arund inacea . ) to 

quality of forage. 
sponses, particularly lthose related to yield and 

germL Iasm source NCRCI was tihe base popul ation. 
The broad-based 

from a pm)l)taton of approxi-
In each cycle, 48 to 52 plants sectd 

to form ii new ltpulol.were intercrossedmately 100) plints 
with NCRC a,; Spaced plants and 

lerived popuat-lions were compared 

sol id tands. 
test, average direct rsipnlseS from two 

In a space-plalLted 
SLW were 23 and 19Z, respec

cycles of Selection for hil gh and low 

were obtained for leaf
 

tively. SignificaLt correlated resp)nlses 

ith (1,W) , CO0-exctlange rate (CER) , leaf 
thickne;s (IT) , leaf wt 

dry weight/tiller (W/T),
elongation rate (t.ER), tillers/plant (T/1'), 


(I'l), Seed yield/plant

MaLtter ,.ieltd/plail (I)IY) , plant heightCly 

(SW) . The correlated changes were in ttle 
(SY), andt llO-see weight 

'Thetraits except T/P.
dir etio ll is the 	 ehlllnges ill 51I for all 

changes in (i"l from setclcition for hligh SIW suially 
2 
were smal l, and 

tile low SIM cycle- population, tile 

Samlile 

noCiat ui I i c;ll t . Clolparotd with 
SIM, 38Z greater

iligIh SIM ey'IC-2 potqplaltioll av,,ralgtd 52;' higle r in 


li 1 ,lr in CER, 24Z hiher in IEiR, 38/

illI T, 1ii 1 rtate'r in 1, i2,' 

higher in IMY, 1W/ greater ill 
lowr in T/P, 83/ higher ill /IT, 19' 


in SY, and 22,: hgiter in SW. Tile pIpulttons were
 
PH, 55 hio'er 

Sililiklir ill dt e of- AuLthe ;i-s. 

eycle- populltions did

In sol itt ,IIdS, 	 tl high uad low SLW 

whelntilyliI n dry Iliallter yield lIver three years
not difft'er Si'Ilifi 

harvest
three or five tllIes per year. Under both 

harvested eitler 
the high SW1 population yielded slightly more than the 

frequencies, 

low SL4 iopulaation.
 

tonsistent d iflerenCt's reg~rowth. The
were f01111d between high alnd low SLW 
NO foragle 	 quality ofl nonlioweringpopul~atiollL; ill 

)iility,
rs detra tin'd were ill vitiI'll dry iIIlLtir digest

parallete 


n ul. ral ld acid dtel erg',tlt fiber, heniicelluIose, 
 cel luloste, perman
and hl~lO t11l ,aSti.t' lunIignlin, !;i lie.i, 

511ui' hiitti
d that SIM reflected

lResulta flol tilSt I;pace2d illiLnt, 
of 

some basic aspect olgrlwth and develllemnt, possibly size 

whicih was an important


,Iltoot apices and 	 associated Itaf prillodia, 


anod seed yield Under low collipetition.
factor iii forage 

L., recurrent
Key words: reed clnarygralss, pIlalaris aruinldiLacia 

correlated responses.selection, ;pecifit Leaf weight, 
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1-12-2 Eva	lIa"t oliof Ital ian Popllat ions of DactyIis
 
glonerataI Grown at Different Locations
 

Enrico ['orceddu, l.'raico Lorenzett i and Paolo Par:iln
 
Geruii las;m Institute, C.N.R., Iari, Italy
 

The inlin a im of thi.; s;tudy h;'; been to eva Ill te aironomtca I 
performance and var iabiliLy between and wi thinipOtlillLti,.Ias of Italian 
ecotypes of D)actvli_. gloiierata. l'iglty-o, c citvp of 'etraploid 
Dacty is loierata were co Ilec ted from throughout the al ian pen in
stIl and g'-own at 3 different locat ions, Northern, Central and Sooth
ern part of ItaLy. EKach pop l[at ion, represented by 60 spaced plants, 
was evalIlated 	 for Devadin iiLile, plant heiiht and re-eln yield. 

The :arlies;t types were thoSe' from Southern Italy al tile latesC 
from Northern. Viriability among ecotype was greater in Materials 
from Cent-ra I I[LiIy ;inanl 1ower in those frOITi tle Sout I. 'li- var ab i Iity 
withini pipu : ion"; was higlher in tli North,rn :iaterin miad lower in 
the southeriu. The higlile-st voliuei; of variabi I ily were ,xlibited in the 
Ceil al loca ions. 'l:ant; from North I taly were tall1- alnd those from 
Central Italy 	s;horter. Ilie hiihesC value; were !;[own in the Northern 
locations, where the max imum variability was also detected. Absolte 
values and variabi Iiity observed in Central ILCy ertenot different 
froll tli y.,0b;,ie-Vo!d ini the Smith. The sIit t-Il I was ouserved iin 
vjr abi Iitic; w i llin opl[at ions. C;ron yield was lighr iii the 

1
N,rtliri oit,-rialI and lower in the Cinti-a. . !. hi;s Iocnet ion the
 
lowest vari ai I iy bctwe,'.-i ,'lti was ,b;,-rved. Varlability
popli oii; 
within popilat ions; had th, Cri-nd di ffereu l.';Is!;;lml- in ma teL and 
di ff ,lclit [ocal i ;s. 

In addi t ioi to Ihe Ictii ) I int,,r,,:; for furthers- ing types 
breedil,,u p o,,ai;ll:;lthelol lwiug,, g C.colic lIiions Cln be dlrawn., 	 
lleadiil,, time is tl- be st chliraL , for dI-t-.ct iu variaui Iity between
 

•
and wi tLiil ,u.litions . It iS anl!:)lii,'ea .cu l that s;how; the 
-cit.l' it fel ic, ,,iuIucat ions. .,her twodi o hitwe.- 'Elh,, charact,-rs
 

;ippear to be cont ril Id sous' by lu--allin,CLimie. The Cenitral
ti let-il 

ocat ioi !reihoc to at low the uimaxiuuinl of variabi ii t
,Xpress ion while 
p[il;ts at Li.- oL,-i Iott" .,,,; aff'ct,'d by cold conditionsr two am-
iii the North ,mid drou;hlt in the Soutl_. 

Key word;: Iar tyIi; I i1o-a Ca , hital Cliie,il plant he ight, yield. 
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Analysis of Adaptability in a 'rall Fescue Strain 1-12-3 
Using Data Base TechniqueTesting Program 

Shutaro KawabataShigeru Suzuki and 
Institute of Agricultural Sciences

National 
Institute, Japan

and Nat; nal Grasslands Research 

The data base (DB) technique was applied in thu analysis of adap

( 's,,tuc, arundiiaeea Schreb. )
tability of 	newly bred tall frscue 

to utilize information accumulated in the regional
strains in order 
testing data very efficiently and easily. A breeding project at the 

ttokkaido National Agricultural Experiment Station has brought up 6 

1lokkai strains, and a test over 18 locations throughout Ja
promising 
pan for 3 years revealed outstanding performance of 1tokkai Nos. 1 and
 

and Yamanami by the Ministry of Agriculture,2 (registered as tlokuro 
Forestry and Fisheries later) over standard variety Kentucky 

31. Part
 

testing program was computerized as
of data obtained in this strain 

sub jected to the use of )I management system EXIR and re-
DIBand was 
lated computer programs to find out efficient ways to utilize infor

mation in plant breeding. 
EXIR was developed at the :iiversity of Colorado for the use of 

later addition of report generator
genetic resource management, but 

statistical (altogether,and several program packages for analyses 
for the use in evaluation 

nameu as EXIS ) increased its potentiality 

in the course of breeding project.


or analyses of materials or strains 
descriptors defined include I ) derscriptive features like

Thirty-six 
strain name, 2) agronom

testing location, latitude, date of clipping, 
yield plant height. 3) climatic conditions

ic traits like dry matter 
day length and so

like temperature, precipitation, hours of sunshine, 
As the result of queries by appropriate

on during growth of the crop. 
for analy

combination 	 of logical operators like o i, nr or not, data 
passed to the subsequent

sis were retrieved, stored into di;;k file and 

programs like RP;, 111NITAII, NTSYS or lthers. 

Regression anlysis on mean performance of all strains in the 

south-central Hokkaido indicated very high yielding ability of lloku

conditions and general adaptability of 
ryo under good enjironmental 

through testing environments reveal-
Yamanami. Regression analysis all 

of all strains to number of grow
ed highly significant yield response 

toi ng days, accumula:ed temperature and day length. In addition this, 

relative proportion of regression sum of squares corresponding to the 

these three 	variables made clear the
ordered successive inclusion of 

their mode
difference between Ilokuryo aol Yamanami or Kentucky 31 in 

or specific 	 parterni of dry
of response to climatic conditions. Commaon 

strains through te;' ing, environments was 
mat ter production of these 

aiso observed 
 ill the result of )rincipal compantat analysis. Further 

difference among strains and pro
analyses of 	 the data figured out the 

vided useful infor:nation for tit future breeding of this crop. 
extent a computer

Tlhis s tudV aims at surveying how and to what 

the progress of plant breeding. Ease of 
system like EXIS could help 

correspond ing to any complex querlos representi:'gdata retrieval 
and choice methods of statistical anal

breeder's intention free from 

yses are ;,'r,'at :'erit ; in the IB utili:atin not onl'. for analythe 

other of plant breeding.
siS of adaptai illtv hut also for many :-tages 

arundilnacea 	 Schreb., ai,:ptabiIity,
Vey word';: 	 tall fe-scue:, lestuca 

data base, compute-r. iult v riato' statistical analysis. 
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1-12-4 Effective Selec tion for Tolerance to 
Grass-kil lig lerlricides ;n Agricultural Grass Species 

C. E. Wright and .. S. Faulkner 

Agricultre and Food Science Centre, NrtLherir Ireland, U.K. 

The aim of grassland reseeding is to establish a high quality 

sward of improved herbage cultivars. To obtain the maximum value 

from the improved sward, weed invasion should be prevented. 

Herbicides are the main tool available. There are many hcrbicides 

for selectively controlling dizotyledonous, but not graminaceous, 

weeds. The control of graminaceous weeds would be possible in 

swards of grass cultivars selected for tolerance to grass-killing 

herbicides. 
Two cycles of recurrent selection for glyphosate tolerance in 

perennial ryegrass (Lol in perenne L.) were carried out by spraying 

large seedling populations with critical dosages in the glasshouse, 

and polycrossing the survivors. It was found that two populations 

selected in this way were about 50% and 67, more tolerant than two 

control cul tivars. 
To combine tire paraquat tolerance of the perennial ryegrass 

cultivar Causeway with tire agronomic characters of cv 

Aberystwyth S 23, crosses were made between the two and selection 

for tolerance was practised ors seedling.; of the F:, and F 3 

generations. Tire and( especially the Fl, were found to be even 

more tolerant than Causeway. 

Those results illustrate the feasibility of breeding for 

rerbicide tolerance in grasses. lerbicide tolerant cultivars 

would facilitate tire establishment and maintenance of weed-free 

pastures and seed crops, the maintenance of varietal purity, 

distinction of the cultivrs from others of the species, and 

experimentation on pure singl c-species grass swards. 

F 1 

Key words: perennial ryegrass, LoI ium p ernrrec L., herbicide, 

glylhosate, paraquat, selection, tolerance.
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1-12-5 Comparison of Italian Ryegrass and Meadow Fescue with 
F,., F3 , and lybrid,; of Both rass Species4 

ierbert Kaltofen and Eberhard Wojahn 
Institut f[r Futterproduktion, (;IR 

In fora{-e grass breeding there is an increasing 
interest in hybrids of Italian ryegrss (Loliwn multiflo
ruln Lam.) and mcadow fescue (Fes-tuca n)ratensis Huds.). 
The objective of this study "as to investigate some 
afgronomic nronerties of such Pestulolium hybrids with 
special reference to tihe question whel;her these hybrids 
change from one generntion to the next. 

In a pot exseri:.10t '.i,,ith four levels of nitrogen 
fertilit;ian Ialin.riy,.... and mendow fescue as well 
as f2, a3, FF. hFbrids the grass wereF1d ef two species 
examined for t.,;o :yo:'.. In each .year four cuts were 
taken. All the F2, F3, 'ind F'; hybrids ere descendants 
of a sing 1P1 slant Therefore, some inbreeding effects 
must be taken in account in spite of open pollination 
of the h.ybrids. The fertility of the hybrids increased 
from one generation to the next. 

In the first .ear, a!fter sowing the grasses in spring,
meac]oc.' m cie prodiized sibst 'nt'a! lower yields than 

Itl rr- ian rt - Ut hi<.i rofnen andthe ni doses died 
off almost completel 7 at the hifhe ;t nitrogen level. The 
yelds of the heirida in this yea-r exceeded those of 
meadow fecue ridat lower nitro en suply, even those
of Itilian e,.. Very/ hiflh nitroFen doses 'cre 

tolerated] by the ybrid. muci bet'er than by meadow 
Lescle, bit not a uite .'"; v.,e]I o by r;ec rass 

In the second ya', a-ter '1.1erng , all the grasses
folned culis, with I lia ryegra.,s showing the most 
abundant culm dlevelop ent. The hylrils otyieldcd meadow 
fescue and rye-,rass in the second yeair nearly without 
exceptrin. In general, the yields of the hybrids were 
distribu ted more evenl., aong the various cuts than 
those of Ita;lian r',Or On average of both years the 
hybrids moally save notice.bla! hirher ,yields than both 
t;hO aar'e t : c.:acie. 

.Within the di.fferent nitro,-en levels the crude pro
te in conten . lothe r and the content of water
soluble carboh.dr' as wa.; tsual-ythe hig-,her the more 
ry, :itter p'' by the re.pective grass. The'oro'!uced 

cr'ii:e fibre conten, of !;the hiybrids often proved to be 
somewhat h iicer than thn- of Italian ryoeras.ns, but not 
hi.Ther than tht of me;dow' fescue. 

In re -a'd to yield, quality, and response to nitrogen 
n we] - Ae' ned ci:a'.e could be stated witl the succession 
of hyb id generations. 2specially there w'as no evidence for 
eny rapid approach of the hybrids to one of the two earent 
sacejes. Ti; is mC)encoa-ra" !Ant breedlers to deal with 

.[ey wcords:: Fea~tulo].iun It-il n rygras meaidow lroscue,-, 
yield, rility , nitrogen. 
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1-13-1 lreied i ng CItl, rs;,,I jI)TTI ce,IIs Be tLer Adapted
 
to the Ac i d Into't iI, So i Is of Sol, 'IhAmer ica
 

f . N . fll( tl l 
Centro In terim(-iolmcn I it Agricul l[I:l Tropic l , Col nbia 

Cont inued ute, of Cent roserna puhescensv Benth. in tropical South 
America dependl upon develIopment of I i nes wit h inc reased tolerance to 
high 	 aci dity and aluminum (A1) Ilevels. The present study aimed to 
cl ass i fy levelk of aciI tol erance amon q nure rows Centrosera 
int roductions and amonq crosi, of the ITore promisinq introductions. 

Initially, plashliusi and fieldi eva1 loat ion, in Carimagua oxi .ol 
(pit14.5, 30,i Al ,aturation) were k'ed. Introduct ions of C. ;chottii
enil C. pascuorm di'd, whi le sost C. vi rg inlinun and C. acut ifol I urn 
and a feI of C. puhecins hai 1(IOW acid tolerance. Most C. pubes~ens 
int rodu ion, haldmnidiuriacid tolerance, wherea., ,oie C. nacroclrpULiTl 
and C. _,:hiediantim were hi phly aciid tolerant. Th deiree of acid 
tolerance in ir troductions appeared to b directly related to their 
AI uptake. 

Siviral I i ,init C. ilibiscins; introduction;, and one each of 
C. mllacrocarpi' an(] C. _,chiedeontim, were selected for crose,' airned at 
increasin,(J 

1, ecid teirance of C. pubhscens. Most croses obta;ned 
were huwiin C. pibP,,cc.n,,1 nitiiict ioq, theri hi i e none with 
C. 	 s.ci i eieinmii cod only one w itI C. fTncIocirpinl, vi -.505? x 5062. 

P'p i i q I sv,.'.hotJ'w,,c1 n inq (if F2 !)rT-iope aFt- iow1 , for ac id tol rance 
I,)i,-ch i eved , f-irt ilIF ,. d cii ltori ari d fhen in Carilr naun ;oil. 
Increa, d tefficlinicy in 1,rl ctil lire ,crlni nq wi, nfteinti id by 
r(dUCc i i( AI 4. ' ppr dcont i mia ue,,of 10 r- I, None 
(if thl Iw ,-,t C. puh scin, i IFt rod i ono,, nor- Ihii r F2 , ld more than 

Al to an 	 p i trolen (N,) . 
tin 


INelf i Ill cIc ;id Ill e ra.1IFce(. 
Thc fIrt i I C. pufes'-cetis . C. macrocarlr ha,, prove 1d the 1ies is 

for t he select i1o of hiIIhIly acid tolerollt I ines, combininq thet best 
feature!, of botI parent. The hi cciii tolerance of C. niacrocarpum 
was inhirited in ah lit 210.of Fi pIilnt .I 

Key word,: Cent roweia ,pp . , ci soils, adaptat ion, acid tolerance, 
a IUlFT. 111t, ;leCt ion. 
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1-13-2 Evaluation of ithiin-Ilialf-Sib iaeni ly Selection 
from Leo Birds foot TrefoI 

D. 	 T. Tomes, 0. 11. Omokpise, B. E. Twamley 

University of GCul ph, Canada 

was undertaken to evaliiate the effectiveness ofThis research 
for seedling vigour, seed 

forage yield in birdsfoot trefoil (Lotos corniculatus L.) 
within-half-sib family recurrent selection 

yield and 

cul tivar 'Leo'. Tie effectiveiess of selection was; measured by com

paring progeny performance, genetic variances ind hor tlb11 ties in 

selected and tinselected poptilati-olns. In addition, experimental syn

were comparedthetics (Syn 2 generation) from the -,elcted population 

to the chock cul tivar Leo for forage yield and seed yield Ill several 

trials. 
Seedling vigour and seed yield in I979 and forage yield i 1980 

population were significantlyof polycross progeny In tile selected 

hiigher than similar prog°eny In the iloselected population. Forage 

yield in 1979 of polycross progeny was similar in the selected and 

unselected population. tedling vi gotir of selfed progeny In the 

selected progeny performed at a level similar to the polycross progeny 

of the unselected population. Al though self progeny performances in 

the selected and unseeicteod populations were similar in magnitude for 

sed yield and forage yield the relative cecline was greater In the 

Selected population. 

Estimates of genetic variance Indicated signlficant and similar 

levels of additive variation for forage yield fin row plots and non

significant dormiL.anCe variation In hoth populations. lier Itai I tles 

were siil ar in the popiulations tested. 

Both the third and fourth cycle populations advanced to the 

Syn 2 generation were significantly higler yielding in the year of 

seeding (a measure of seedltnlg vigour), ifmilar in the second year 

and si gnifleantly hi gher in tie third year when compa red to leo. 

for the third cycle population and above Leo.1-d vield 	was below Leo 

for the fourth cycle popolattion. Sole ctIons from the foitrth cycle 

for sedlnig vi gour ind eod yield wore made hased ol prog;eny 

testlng. The seedling vigour selection had significantly higher 

forage vie d In the year oif es ii ilumen t compared to Lo whuile thie 

suId yieyld sec ctions had a;hoot 402 higher sued yield than Leo. 

FaII iire to 1)!erv' - I pni fi ca t leves o f ,Iom inTin varia tion 
1 

and igroatr Inbreeding i pres;; Ion Ini t.h Io I ed popb1 a on sugts est 

add i tional popIIl; rtons of d Ivr r ;eeorvyp cr hickgrorund comildi betha 

necess;ary to rnbt:;lin optimum ',rforminre wie el Ite gonotypo; are used 

;is parents for new il tiv:ars, 

i'erform;inco of -,prlmnntalsyntol'tir; from th e occ teld 

poputlatlon has been significantly above tim varit, y ten for forage 
yield. Tieyield In the ustablishmint yiar and much hotter for seed 

Improved perfornance and mialIntenance of gene tic variabi lity of these 

popUI latIons IS 'viIIdunce i)f thLe sIeOS; of thisiselection me thod In 

hirdsfoout tr,fil. 

Key words: 	 birdsfoot trefoil, Lotue cornictilatus L., recurrent, 

selection, progeny testin g, scedling vlgour, forae yield, 

seed yielii, forage legumec. 
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1-13-3 Evolution of Selection Techniques in 
Breeding for Bloat-safe Alfalfa 

B. P. Goplen, R. E. lowarth, C. L. Lees, W. Majak, J. P. Fay,
 

and K. J. Cheng
 
Research Station, Agriculture Canada
 

This report summarizes the Canadian breeding program to
 
develop a bloat-safe alfalfa (Medicago sativa L.). This program
 
has experienced an evolution of selection methods in attempting to
 
identify bloat-safe alfalfa genotypes. In chronological order the
 
methods involved selection for: fraction I (18S) protein,
 
soluble proteins, foam volume, tannins (flavolans), saponins,
 
initial rate of digestion (IRD), sonication, purified enzymes, gas
 
production and leaching.
 

Although soluble herbage proteins are correlated with the
 
occurrence of pasture bloat, we have experienced slow progress in
 
a selectioi program to reduce soluble protein concentration in
 
alfalfa. We have found that foam volume is not correlated with
 
either soluble protein or bloat incidence. After an extensive
 
search in 33 annual and 25 perennial species of Medicago, no
 
tannins have been found. Similarly, a mutation approach to induce
 
flavolan production in alfalfa has failed to reveal tannin
 
(bloat-safe) phenotypes. Seedcoats of alfalfa were found to
 
contain tannins. The saponin theory of bloat has been proven to
 
be invalid.
 

A :omparison of bioat-safe and bloat-causing forage legumes
 
revealed slower initial rates of digestion and lower
 
concentrat'ns of intracellular leaf constituents in rumen fluid
 
when bloat-safe legumes are ingested. Selection is underway to
 
develop contrasting alfalfa synthetics, one with low initial rate
 
of digestion (bloat-safe synthetic) and another with a high
 
initial rate of digestion. Preliminary data indicate genetic
 
progress for change in initial rate of digestion with no change
 
in overall digestibility as measured by in vitro dry matter
 
digestibility.
 

Several new complementary techniques are under development
 
and evaluation to select bloat-safe alfalfa plants. They are all
 
devised to measure basic parameters involved in the etiology of
 
bloat (i.e., cell wall strength, enzymatic breakdown of cells,
 
microbial degradation, gas production, leaching).
 

Key words: pasture bl'at, alflafa, Medicago sativa L., cattle,
 

selection techniques, breeding.
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1-13-4 Development of (;aia ,eodic (Medicago rugosa 
Spec insDesr.) as an Annual 1Legum lIous 

in Southern Australiafor Dryland Farming 

E'. .. Crawford 
Department of Agriculture, Soatil Australia 

! egUme for nitro-
Alnual medics, (liedicago :pp.) are the basic 

so,,thern Ai;tralia. 
gen fixation in tle aikaline soils of 

are not all well adapted to all soil types, one 
Individual species 

where annual
being the hi'ilty alkaline clay loams 

difficult Sol 
is le;s than 500 sim.rainfall 

niaICic ( M. 71lgosa) to these SoI Is was 
T)eI )lptaLtil of 

of man' genotypes of severallifter a'lssessmlentt 
Paragosa, was we1lfirst :iplpreciated 

developed cult i var, 
proved to be suscepthileOtler species.; 'l'he first 

adapted to the cl ','-loam :oil type but to 

summer tinlderstorns. The resultant seedlings
germination after 

then gromi tnMlny accesSiOns were
died Ill tile followintig dlought. 

of main taining seedcoat 
an attempt to SeleCt a 'enOtype capable 


th11 suommer but having sufficlent pertmeablo

impermeabilIity duriiag 


regeneration. 
 Other essential 
sOed by Inld-April to allow dense 


inci lded good winter ierbl'el product ion, 
 earliness of 
criteria 

seed yield. These genotypes were grown to 
flowering, aid hi,,h 

intervals over 
the field nursery' and sanpled at regular

matur itV in 
seedcoat permeability.to measure ciange; in

tile summer/atunui per id 
in different environjmelts allowed measure

sward sowin'sgSuIslillen t 
criteria.imcnt of the other 

Data from the screen in; of 1,361. genotvpus of 13 species 

V in gania medic compiared with otier species.
revealed the v.iriahiit 

oasttrn Mediterraneanama medic genot-'pes from the e
A lthLouihi all 

genoa iigi level oif seudcoat impermeab[1 ity,
region maintained 

ai rang'.e of changesand Portugatl displa'edfrom l;reece, Italy tIi1.tdtypes EvaliltILthler Ior
la tween lmatui'i ty and mid April. 


of the cultIvat, Paraponto.

in thi devel opmentcriterla resulted 

legumes in tile ley
the principle I nitrogen fixation by 

zonem praetise'd in tie MCditerranean-type climatic 
farming systet s 

and used by cerea1 producers and 
of .southern .'ustralia i; accepted 

ofiit'ig reflected in increased frequency
.ts signiiicance;, irazh.lr 

greater Stock carryingzis increasl' i y, ld ; andcroppin,, as well 
CalpaI t y . 

1) rt'v i Os1 Iy recogn ised coelihe mci al spec ins 
SpeC ieS otlier than 


to sii ifCi e vy i rOiimenlt 
 ani a lmoreInte'nstve 
have app I icat iol 

of the relatively rare 
searchl for, and evaluation of gen)tyjes 


as otlor potentially 
 useful species
species, gama niedic, as well 

adapted culitvars in the 
could r,.;lilt in more productie and better 


future.
 

q )a alkaline clay . oasis,lesr,,
Key words: gama meii c, Me 


iy, hierbai', 
 ond Seed production,
seedcoaLt permeabi 


flowering time.
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1-13-5 ProducLivity of Forage Legumes on Rice lPaddy 
Wails in Nor theast Tha[land 

R. C. (itLk-ridlge 
Improvement 'roject Ion Kian Univer ; i ty, Thai land 

Rice stubble left standing i paddy fields after rice
 
harvest 
 is the major source of forage for livestock in the dry
 
season in Northeast Thailand. Although the quantity 
of this 
stubble is gnerally not limiting its quality as a forage is very
low and substantial liveweight losses in livestock usually occur 
by the end of the dry season. 

A trial was conducted to evaluate a range of forage legumes
which could be grown on rice paddy walls to supplement rice stubble 
as a dry season feed. Seven legumes were planted at two sites in 
villages close to Klon Kaen in Northeast Thailand. The dry matter 
yield and nitrogen content of each species was measured in two
 
consecutive years just prior to 
 the rice harvest. In both years,

Shrubby stylo (Stylosanthes scabra cv. Seca), Verano stylo, 
 (S.

hamata cv. Verano) and Viscosa sryio (S. viscosa) were the most
 
productive _;ecies yith 
mean dry matter yields of 4,800, 3,320 and 
2,340 kg ha year respectively. A simple cultivation treatment 
improved legume establishment and growth partl -ularly in tile first 
year. Nitrogen (N) contents ranged from 0.8Z N in Shrubby stylo
 
to 3% N in Leucaena (leucena -I I uc-ore-eoy the yield
ual). Although 

of Shrubby stylo was tile highest, a large proportion of its yield
 
was inedible 
 thick stem material so that its effective yield was
 
considerably lower. 
 Verano stylo was considered the most suitable
 
legume for this practice. It established and regenerated easily,

persisted 
well, was readily eaten by livestock and it substantially
increased the quality and quantity of fodder available to livestock 
from the paddy walls. 

Key words rice stubble, Stv losanths pI,. verano ; Lylo, shrubby 
stylo, paddy walls, Northeast Thai land. 



1-14-1 Alfalfa Breeding for Forage Yield and
 

Low Saponin Content
 

P. Rotili and L. Zannone
 

Instituto Sperimentale per le Colture Foraggere, Lodi, Italy
 

The breeding program is aimed to build alfalfa (Medicago sativa
 

varieties having a good performance (vigor and persistence), 
a
 

L.) 

a low saponin content. The breeding method
 high protein level and 


with selection in competitive Con
utilizes a selfing phase combined 

content is reseac'ched through improvement of
ditions. High protein 

saponin content is analyzed
resistance to fr-quent cutting. The leaf 

Trichoderma 	 viride.by bioassay 	which utilizes the fungus 

Parental populations (cv. Leoniceaa and cv. Cantoni), SO, Si,. 

and S2 families were evaluated under competitive and 
frequent cutting
 

families yielded more than 
conditions. In both populations some S2 

with the levelof variation iocreasedtheir respective S1 . The range 
level of selfing. It


of selfing. Mortality also increased with the 
families showed lower minimal

is interesting to noice that some S,, 
These persistent S2 fam

values of mortality than the So families. 
flowering and the most homogeneous for

ilies were the earliest in 

chis character. 
On the basis of these results, it seems possible to say that 

is a parameter depending by a large amount
the inbreeding depression 

density of growing, cutting fre
on the experimental conditions: 

quence, arrangement of progenies on the field. 
of the leaves, a positive corre-

Concerning the saponin content 

lation exists between SI families and So mother plants:
 
= 	 for Cantoni.
 r 0.817++ 	for Leonicena and r = 0.827++ 


Key words: 	 alfalfa, autotetraploid, competition, inbreeding,
 

Medicago sativa L., selection, saponin.
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1-14-2 Forage Quality of Barley Straw as
 
Influenced by Cenotype
 

D. 	 W. Meyer, D. 0. Erickson, and A. E. Foster 
North Dakota State University, U.S.A. 

Cereal straw is the larges:, basically untapped carbohydrate 
source for rufinant animal feeds. Differences in feeding value of 
s "aw among 	 cereal species are well documr.nted, but little infor
mation is available on genotypie differences in the feeding value 
of barleys (1lordeum vuligare L.) commonly grown in the Northern 
Great Plains of the United States. Our objective w,,- to determine 
if barley genotypes differed in straw forage quality and if ,tuaw 
quality parameters were associated with agronomP2 claractero. 

Straw from 37 and 31 barley genotyp s was sampled in 1977 and 
1978, respective'y. Straw from 1.0 barley genotypes grown at four 
locations was sampled in 1979. Standaru lab procedures were used 
to determine the quality parameters measured. Correlations among 
straw qual i ty parameters and agronomic characters were determined 
in 1977 and 	 1978. 

Barley straw tested In 1977 and 1978 averaged 5.6% crude pro
tein (CP), 42.O% in vitro , , matter disappearance (IVDhD), 50.7% 
acid detergent fiber :ADFI, 71.8% neutral detergent fiber (NDF), 
6.6% acid detergent lignin (ADL), 21.1,. nemicellulose, 11.4% ash, 
0.1-37 -hosphorus, 0.58% calcium, and 0.20% magnesium. The average 
fee . value was different among environments with higher quality 
straw produced in low grain yield environments. 

Significant differences among barley genotypes were found for 
most straw quality parameters measured. Six-rowed barley straw 
generc, Jy was lower in forage quality than 2-rowed barley straw. 
Stra,, from feed and malting harleys were s,,illar in forage quality.
Stiaw from 'Karl ' barley, a low grain protein cultivar, was higher 
in CP an digestibil.ity and lower in ADF and NI)F than mjst geno
types. Significant genotype x environment interactions were 
detected fo: ..,ost straw quality parameters except CP. Heading 
date and plant helht correlations with straw qua!ity components 
varied am,)nj, years. Grain, straw, and protein yields; lodging; 
and grain protein percentage were not consistently correlated with 
a straw quality component. 

We have demoastrated potential useful differences in straw 
forage qua lity 'mong barlc,! genotypes. The data suggest that 
genotypes high lo straw quality can be selected without loss of 
desirable agronomic characters. 

Key words: 	 llordeutT vulL0are L. , straw, forage quality, barley 
genotypes, straw digestibility. 
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of Meadow Voles to Alkaloids1-14-3 Some Responses 
in Reed Canarygrass
 

W. A. Kendall and Mary F. 11. Goelz 

U. S. Regional Research Laboratory, University Park, Pa., U.S.A. 

The purpose of this report is to integrate three studies with 

the following objectives: (a) to evaluate meadow voles (Nlcrotus 

pennsylvanicus as a bioassay of alka' Ids that occur in reed 

" ) and (b) to determine the canarygrass (Phalaris arundinacea 

relative toxicity to voles of several alkaloids that occur in reed 

canarygrass. Nine alkaloids have been identified in this grass, 

and a knowledge of their importance would enhance programs t, 

improve the usefulness of thiL grass as a forage specie't. 

A slngle-meal i,,ake ,st was used to evaluate the palatability 
in semiof some alkaloids as they occurred in fresh grass and 

synthetic diets. "-ified gramine and hordenine sulfate were fed 

in semi-synil.ctic dirts for 21 (lays to determine their effect.3 on 

intake, body-wei, t: gains, and animal health. 

Palatability of 14 clones of reed canarygrass and semi

synthetic diets with various concentrations of gramine, hordenine 

sulfate, and tryptamine-lICl was negatively correlated with their 

total alkaloid level. Semi-synthetic diets that contained 0.5% 

5-MoO-N, N-dimethyltryptamine; N, N-d imethyltryptamtine; 

5-methoxytryptamine-IC], or N-monomethyltryptamine were unpalatable. 

'lhe effects of gramine, hordenine, and tryptanine-ICI on 

palatability were additive when they were fed together in semi

synthetic diets. 

In tae 21-day feeding trials, approximately one-third of the 

vole; (lied on diets that contained 0.25 or 0.57 gramine, whereas 

there were no deithts on any of the diets that contained hordenine. 

Voles that surviv-d on ;',ramine diets had kidney lesions, glyrosuria, 

higher intakes, and lower weight ains than control animals. Voles 

fed 0.25 and 0.5%7 gramine had increased circulating reticulocyte 

levels, and 	 those fed 0.1257 had higher alkaline phosphatase 

activity than the control voles. 

llordenine did not affect intake, weight gain, or mortality 

rate. Voles fed hordenine developed kidney iesion , and glucose 

was detected in the urine of 627, of these animals. 

Gramine was more toxic than hordenile on a molar equiva..ent 

basis.
 

We concluded that voles provided a good bloassay for estimating 
differ in alkaloidthe palatability of reed canaryg'ass lines which 

type'; or concentrations. In the 21-day feeding trials, responses 

of voles: with regards to diet intake were not comparable to results 

reported by 	 Marten et al. (Agron. ,1. 68:909, 1976) with large 

ruminant animals. Gramitte was more toxic than hordenine to voles. 

K-y words: 	 reed canarygrass, Phalaris arundinacea L., meadow
 

voles, Microtus pensylvaticus, alkaloids, toxicity.
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1-14-4 Neutral Detergent Fiber and Protein Levels in 
Diploid vs. Tetraploid Ryegrass Forage 

L. R. Nelson and F. M. Rouquette, Jr.
Texas A&MUniversit Agricultural Research and Extension 
 Center, U.S.A. 

Nutritiye value of IS rvetirass (lolium inultiflorlim lam.) cul
tivars was studied at Overt on, 
 Texs a -ear period to de
teruinie the variat ion 
 ill protein content nentraland detergent fiber
(NI)l)of 9 diploid versus 9 tetraploid rCg' ass cilti var's as in
fluenced by season. Comparis;ons were also made within diploid and 
tetraploid cultiv rs.
 

Saimpl es to he MaNI Ved weT 
 colI ected f'roi1 farape var'iety testsfor the g'rowing seasons of 1976-79. Rl'eg'rass cultcars were drilled
into convent ioni ly t i I led seedbeds prior to mid-soitemler and
fertilized at a rate of 6- kg/ha for N, P05, and K2O. AdditionalN was applied in spi it appl ications ill November atid February for a

total sea.;onal 
 rate of 235 kg/ha . The forage was cI ipped at aun i form le i ,ht of' 5 cm ,it h a FI ail -type harvcstcr. Forage samples

were oveni dried 
 1nd groItnd to 1",. a 10-mesh scre... Plots were
harvested f'otr tijites dll'ing eact of the first 2-years ;Ind five
times ott the third vear. In 1977-78 aid 1978-79, NIl and protein
were run ott samples from 2 replica tions. All 'orage samiples were
aalyzed for protein via the micro-Kjeldahl techniqie. Percent NDiF
 
was obtaiined via Van Soest extractioLn procedures.


A seasonal decl ine 
 in both neutral detergenit solubles (NIDS)
cOitelt lili pr'otein peI'cent was observeI. Iiff'erences in NIIF were
observed aImolt cult ivars nid wei'e iost apparent dui'ing April and
1:ivy. The dif'erences ikely were related to maturity levels ofni indiiiaIl culti teer'a i eairlier maLuring cultivat's tended to have
ii,;,,j HW:I vel S ince tetraploids in this study 
were gpenerally
ahut 2-wi "k; liter in miturat ion, is a grou'lip, they were si nifi
can y, lower inl percent N[II COMinItents in Apr'iI and ,XLi\'. I'rotein
levels decreadsed during the growing Season from about 25% in 
December to aIhout 13, ilI late May. No sign ificlint differenccs in 
pirOteihl Colltlet .-... et tlwere obs. I l eetW Cllltivars O between diploid
ve'sS; tet ral oid:;L 

Key 'ords: loi01 mlti florum Lam., forage quality, total structural 
carbohyd rates. 
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Components in Digestibility
Use of Chemical1-14-5 

.Predictions of Eight Tropical Grass Genotypes
 

at Two N Levelswith Increasing Maturity 

M. E. Aken'ova 
M. A. Mohamed Saleemr, 1. i. Cliheda and 

NigeriaUniversity of Ibadan, 

quality 
A rapid and method to determine forage

reliable chemical 
in parts of the tropics, where facilities 

would help a researcher animalsfistulatedmaintenancein vivo measurements and/or of 
for 
 relation
are oiten inadequate. 

derived fromPredictive equations 
would thereforeand digestibilitychemical componentsships between Such relationshivs are of limited value. 

be meaningful even if they 
fiberacid detergent 

between c rude protein (Cl'), crude fiber (CF), 

(L) with in vitro digestibility) ligninsilica (Mi0 9 and(ADF), 
bunch grass genotypes, namely,

with 8 tropicalat tempted(IVDMI)) were 
x P. purpureum,

hybrids o Pennisetum americanum 
two interspecific 

two of Panicum maximum and 
of I. pupureum,two improved strains 

brizantha.and Brachiaria 
one g:enotype each of Andropogon gayanus 

atby stein cuttin gs and maintained 
The grasses were planted 

(0 and 225 kg N/ha). Hlerbage was cut at 
two nitrogen (N) levels 

for analtwo growing seasons 
3, 6, 9 and 12 week intervals during 


and digestibility.
chemical compositionysis of 
 in chemicalvariationsinter- and intraspecific:onsiderable 

as well as in their rate of change with 

componments and digestibility thewere reflected in 

maturity were 
 Such differencesobserved. 

and digeschemical components 2 
unsatisfactory relationships between 

were pooled together. The r 
for all genotypes

tiblility when data 
and 

values obta.,ed for CP, CF, ADF, Si( 2 , and 1, were 62, 55, 2,4 

4#6 reslectively. 
various chemical com

values obtained between
'ie correlation 

computed on an individual 
pone, cs and digestibility were hi whon 


. Data inclicated their 
usefulness as predictors of 
secies Iasia 

tthe same species. CP 
within related genotypvs of

dioestibility 

routinely determined in Ihe laboratory and it gave
 

ist easily and 2
with r valtues for the

with digestibilitythe Itiglhest correlation and 94. It is therefore suggested
Sgeiotypes ram'ging betwemn 79 


reliable predictor of digestibility 
 in tropical 
that CI' be used a,:n 

fo-age grasses. 

coiliponents, digesti
tropical hunch grasses, chemical
Zo. wo'ds: 

bility, digestibility predictions.
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1-15-1 Leucaena Outlook for Cattle 'roiuction in Cuba
 

F. Funes and L. E. Dfaz 
Institute of Animal Science, ISCAII, labana, Cuba 

During recent years interest in Leucaena leucocephala for cattle
 
feeding in Cuba has grown.
 

Agronomic, nutritive 
values and animal utilization studies
 
have been carried out in ferralitic soils in areas where 
 rainfall
 
oscillated between and m/year,
1300 16 00 with or without sprinkler 
irrigat ion.
 

In introduction fields the Cuban cultivar (cv) Varadero yielded
between 7.8 and 8.8 t/ha/year of dry matter (0,), producing more 
when cut at 20 cm height (8.8 t/ha) than 10 cm (7.7 t/ha). Inat 

cutting experiments with the same cv 
 it was established that in sow
ings carried out early in the wet season, harvests at 4 months
 
showed a higher yield (F.1 
 t/ha) than those at 3 and 6 months. 
Cutting at 50 cm height was better than that at 20 cm (8.2 vs 6.0

t/ha), while cutting at longer intervals produced more than at tile
 
shorter ones (10.0, 7.9 and 3.4 t/ha at 10.8 
 and 4 weeks, respec
tively). Chemical composition showed 
 little differences between
 
harvesting intervals or 
 cutting heights, and such differences were
 
highest between 
 leave: and stem. Crude protein (CP) content varied

between 24 - 32,; and 19 - 29% for dry and wet
the seasons, respec
tively. -in alother experiment under simulated rotational grazing,

the introduced cv Peru doubled the 
 annual yield of edible DM (15.9

t/ha) compared to Varadero (7.0 t/ha and Clycine wightii cv 
 Tinaroo
 
(6.0 t/ha). CP percentages in the dry and wet seasons were 30.1
 
and 34.4.'%; 26.8 and 33.3% and Ili 3 and 21.4% for 
 tile three cvs,
respectively. In , ,o bag digesti!ility for Cunlinghlam (84.5%) and
 
Peru (8/.4 ) cuLtivars was 
 higher tha." in Varadero (81.0%). In a
short-term trial (23 days) one kg of D/day of Leucaena substituted 
for half of the concentrates supplied to cows grazing star grass
(Cynodon nleImifuensis). Hilk production wall 15.2 liters/cow/day when 
only concentrates were consuled (4 kg/day) and 15.1 liters/day when 
2 kg of concentrates plus I kg of Leucaena were fed.
 

The advantages and inconveniences for its exploitation 
 are 
discusjed and further studies with this legume are necessary. 

Key words: Leucaena leucocephala, legumes.
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1-15-2 Collections of Western Wheatgrass and
 
Blue Grama and Associated Neimatlode Genera
 

in the Western Dakotas
 

R. E. Blarker, J. I). Berdahl, J. M. Krupinsky, 
and E. T. Jacobson
 

USDA-SEA-AR and USDA-SCS;, North Dakota, U.S.A.
 

Western wheatgrass (Agropyron smithii Rydb.) and blue jcama
 
ex Griffiths) are widely
(Bouteloua gracilis [Willd. ex H.B.K.] Lag. 


They are two of the
distributed throughout the United States. 


predominant native grasses in rangelands in the Northern Great
 

Because suitable cultivars are not always available for
Plains. 

reseeding disturbed areas, we collected plants of the two species
 

and evaluated phenotypic variability to determine potential for
 

We also sampled the neiatode population
breeding improvement. 

associated with the collections.
 

Sampling sites were systematically chosen by establishing a
 

grid pattern 19.3 km apart in the western halves of North Dakota and
 

South Dakota. Five col.cctions, including a portion of the root
 

system, were made of each species at each of about 1,040 sites in
 

1977 by SCS field techniciars. Individual plants were extracted
 

from samples and transplanted to the field for agronomic
 

evaluations. Nematodes were extracted from the soil fraction of the
 

collection samples.
 
Data collected on individual plants were averaged over all
 

plants collected at one site (entries). Relative maturity of
 

western wheatgrass entry means ranged from 178.2 to 195.0 Julian
 

days and from Julia, date 169 	to 204 for individual plants. Average
 

35.6% and mean seed yield from 5 heads
fertility for entry means was 

to .5 mm. Fewer
 was 0.59 g. Awn length ranged from none 


charortpristics were measured on blue grama than on western
 

wheatgrass. The maturity range for blue grama was 13.5 days for
 

entry means and 15 days for individual plants.
 

Plant parasitic nematodes were found in 59% of the 3,099 scil 

samples inalyzed. The most prevalent genera found were 

Helicotylenchus, Parat ,lenchus, Xiphinema, and Tylenchorhynchus. 

Plant parasitic nematode genera associated with blue grama (1,606 

samples) and wostern wheatgrass (1,493 samples) wer- similar. 

Paratylenchu:, gas the most prevalent genus in Nortn Dakota and 

lel icotvlenchus was the most prevalent in South Dakota. 

that sufficient phenotypic variability existed inWe concluded 
western wheatgrass to warrant 	initiating a breeding program. Blue
 

varied in maurity but other characteristics were notgraina 
identified, so initiation of a breeding program will he delayed
 

Plant
onti) further investigation of variability is conducteu. 


parasitic nematodes were commonly found in range sites indicating
 

the need for determining their effect on range productivity and
 

persistence of vegetation.
 

gras; br.diiig, vwgetativ' collection,K . woids: ;,. ction, 

i.rminplas 
 ovilUst ion, western wheatgr;ss, Agropvron 

smi th i , b liin gr'ain, Bout,! losoua grlcilis, uei i Lodes. 
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1-15-3 l'est Adaptation ,III(] Evaluatlion of Forage

Plants in Major Ecologicaltea !JgOIlS in Lthi 
 opia and Kenya 

K. N. [brahim 'ind A. O)rodhio 
National Agricultural Research Station, Kenya 

The Kcxyan and Ethiopian natural grazing lands support 
more than 20. of Oe cattle population of the African continent.
 
Much of thcse countciesl natural 
pastures arc severely overgrazed.

The livestock off-take is 
low mainly due to the unfavourable
 
grazing conditions which orevail more 
than half of the year.


The objectives of the test adaptation trials is to 
provide
and select new introduced or indigenous forae and fodder adapted
species or ecotypes with geneti 
 potential for high production of
 
digestible dry matter for direct pasture and range improvement and
 
for future use in breeding programmes.
 

In Kenya and Ethiopia over 4,000 and 3,000 entries of

indigenous and introduced 
ecotypes wore screened in 
six 	ecological

regions and each was 
evaluated for 26 vegetative characters
 
between 1971-1980.
 

In the cool wet highlands situated between 230-3000 m with
 
rainfall rangin- between 1000-1250 sm, th. promising, species were 
oats (Avena rativa), woollypod vetch (Vicia dac,'car a), perennial
ryeo;rass (Lolit; peronne), Kentucky bluct . (o pratensi!,),

coc1s foot (Dty loerata) and tall canarygrass (Phalarls
 
tuberosa ).
 

Tle proriisin Z species in the tczrpratc wet highlands
 
ran, in,:;between 1"50-2000 m with rainfall 
 between 1000-1290 mm 
were woollypod vetch, ots, rhodcsgrass (Chloris -,,ana, 
setaria
 
(Setari ens), tall,"unara 
 (PanicUn ma.ir)nu) napiergrass

(Pnni etln purpu- cum), fine stylo (St'losanthos uianensis). 

In the watm wct roedium: altitud-e covering altitude 1500
170') cc and havficg an annual 
 rainfall between 1250-2000 nm, the
 
procisi), '
specis; in the wetter area,; woe napiergrass, rhodesgrass,
tall -.uineac'ra,;s and tall setaria. In the 	drier area.c, the 
productiye and adapted speci.cs 'were African fo::tail (Cenchrus
 
c iinric), coloured g;uina:,rns (Panicum colortur), [lasai love
Trac7(Era'-ror.ti ' 
c 	 r), tIclic" ccntroihtii),
( Coe-:I, co IT) 0 c ratro (artr)pti 1 catrnouureum)

.ilyr leaf ,.c.,,odlum [nnn nc'cc! stylo.
unnriOn fine 

The hot dry Ioland rcion o icu,;n 	 eny between 150
990 	 !.i..-i r avera- c annual ::infal between, 1:59-'50 rn. The 
pro:c,i';inr, specic flc-,i loveran.cc;, Africani fo::tai 1, scabraare style
(. c ) everal ;aft'uhc speci (Atriplc:: spp.), mesquite
( 1Lr) 1.no 	 i ,:oa aoC (leucaena l cucoceohalan). 

The hot humcid coactal region in anKenya ha averna7e 
au raiefnlI of 1015-1270 cc. The adapted and productive species
'rcC, Iclar to a cr(at ee:tcc.;t to those of the 'arm and 
 w:et medium 

altitudes. 
The ipote:itial foraer production of a ,reat part of the

dif('(rei;t ecological rc.i.mn could1bo subcctai'tially increa ed by
seoie, -!- 1i'vprowc-tiv, forn-e a:d fodder cpecies and by the 
proper cn.aag'.,rt of t:';e 1ands. 
Key 	words: Ethiopia, Konya, fcragc crops, adaptation, fwvaluation 

E;st Africa. 

83 

http:loveran.cc
http:Trac7(Era'-ror.ti
http:speci.cs


1-15-4 Atriplex, a Prospective Forage Crop
 

in Saudi Arabia
 

Atalla A. Abo-Hassan 
Riyadh University, Riyadh, Saudi Arabia 

are adapted 	 t:o different agroclimatic regions,
Atriplex species 

are perennial eversaline regions. Some species
including arid and 

shrubs. Their palaLability for livestock attracted the at

over the world.
green 
tention of forage crop investigators all 

The effects of salinity on seed germination, growth of 
seedlings
 

the stem were studied for about two years,

and internal structure of 

of Atriplex. Protein content of the 
dealing with seven species 

both the stems and the 
seedlings was also investigated. Moreover, 

imature plants were chemically analysed.leaves of 
Seed germination decreased significantly as the salinity level 

ppm or more) inhibitedconcentration (5000 
effect of salinity on the growthincreased. 	 The highest 

completely seed germination. The 
trend as in 	 seed germination.

of seedlings followed the same 
a high percentage

In the seedlings, chemical analysis revealed 

of crude protein, which decreased with the increase of salinity 

vield i and the crude protein content of Atriplex plants
levels. The 

pasture grasses and legumes grown 
were higher than those of other 

under the same conditions. 
size of the 	 vascular cylindershow.ed that 	 the 

levels. Lignified tissuesAnatomical studies 
decreased with increase of salinity 

reduced as salinity increased. hlow
(xylem and xylary fibers) were 


ever, there was an increase in the parenchymatous tissues, which
 

showed the tendency of acquirement of halosucculent properties.
 

Key words: 	 Atriplex, Saudi Arabia, salinity, protein,
 

internal structure.
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1-15-5 Breeding of Guinea Crass (Pallicu.l maximum Jacq. 
in Cuba 

Segui C. Esperanza and Machado M. Iilda 
EEPF "Indio Iatuey ," aLtanzas, Cuba 

A program of breeding guima grass io Cuba began in 1973 with 
the whole niational territory collection and the introduction of
 
African cultivars fundamentally. At the present time, our stock 
 con
tains 800 accessions from which 90.':are natives and the others are 
foreign. This collection was characterized for both qualitative and 
quait itat ivo aspect!!, wh ich permit ted to group the Cuban accessions 
it differeit morphological ecotypes.
 

Subsertu'nt ly i soenzyma tic markers were 
 employed for class ifica
tion, togetherI with qualitative morphiological characteristics, using 
in the last case multivariate analysis. 

In the first staie of the selection process in furrows (first
selection) a wide inter-accessions variabi lity was determined ill (fry
mattler yield i dry and - t seasous, 8-222 g 1)5./bunch and 22-300 g

Ml)/bunch, respectively. Crude protein content ranged from 52 to 177 
and fror. , 7- inT: :1 the wet and (fry soasons, respectively. Leaf i
ness varied from 5) to 100. There was variation in the IMyield

stability; ill this ca;e, only 
4.5; of the accessions maintained yield
stabiIity and 94 .5: of accossions were unstable, withi a variation
 
range from 20 to 45, 
 with respct to tie yield produced illtie wet
 

a CI illi th: first yeiar.
 
>1oiIt iple correlations wore obtained aonii heigpht, diiameter
 

a Il vi.Ild: %-1246 + 1586 xi 
 + 2348 x9 with r=0.86 (p 0.0(1), which
 
simplifies tm,' i trst ,,olecftio 
 stape inaking only vegetative height

and buiich dim tklr ill sol, ct iup 
 aIll plants with height and idiame ter
 
li,lh r than th, ro;[) ctive I pulation means.
 

Variability wa; 
 obsrvod iin thi,.iiumber of f1owering periods in 
the yar, witli thre principal periods of flowering: I, XIarci-.lay;
 
[ JI, -Ih'Ill, Si- eipbte)1-Novmbe
II, l r, illwhich the major number 
of p1ic Ioi r,, produced I--I the ma jority of the access ions flowers.
 

TIie nimbtr of pani c Ies/buinci/iday ran,ed from 0.102 to 4.7, with
 
a teinIncy to dicr,;so in LiI si con: year from 
 0. 02 to 3.5 painicle
bnc h/day. 

The opti Lmum harvis; tLine of seed chanllged according to the 
leiith of the flowerin, priod , but onral y 15 days after the be
gion in. of- tLhe "flat" Ioaf stage t iigi hir amount0 of full seed can 
h,,obtained. although the preater quantilty of fertilei seed was ob
ained it 20 days. 

Thlr, were 'vauiated iii iiursiry 750) accessions, 126 of them 
passhl ' to compair;jtive trials. 'wlve ,icessions were outstanding 
-a I r bairup tevaluiAid ini di ff'ri ii h ilildr':.0 arias of the country.
In ricint you rs a eri; ;ilug prl rla has bniii bogu.un, from which 120 
hybrid s liv, bieu obtil -, sir,, of thlii pre;ent ini good prospects 
of sil.,ct iou. 

Key word;: guiuua Panicum maximum Jacl. ,,rassi;, 
 breeding, seed
 
product ion, variabi licy. 
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1-16-1 Use of Intergeneric Hybrids in Grass Breeding 

M. A. ,o Vi I i I)i ro 

An Foras-a;T;inmais, Ireland 

A breeding programme on intergeneric hybridization of both
 

Lolitwn pc",,':' .. and .. "ri?- 7"Zoee,. with F,'cstuca amindinacca 

Schreb. was initiated at Oak Park in 1970. The objective is to 

combine the rapid establishment, high production in the first 

growing season, sward density, tillering capacity and high quality 

of !.o:'u with the high persistency, winter hardiness, summer and 

autumn growth and drought resistance of the Pee.- .,aparent. 

More than 400 crosses were made in which the female parents 
were selected from a number of European cultivars and ecotypes of 

:.e ,',: species and the male plants were taken from populations
both 
ei.:',', introduced from Europe,of cultivars and ecotypes of :'. 


North Africa and the U.S.A. A modification of the colchicine
 

technique used to treat germinated seeds increased the number of
 

fertile amphiploid plants but the percentage of the latter relative
 

to the total number of plants which survived was low. Treatment of
 

tillers from male-sterile field-grown F1 plants was conducted in
 

larch 1980 and the results are promising.
 
Three hundred and seventy male-sterile Fl plants with large
 

and soft leaf blades at the primary growth and subsequent regrowths 
In 1978, 331
were selected after 3 years and then cloned. 


of these clones were crossed with 42-chromosome
plantlets from some 

- Ky 37 G1-305, Ky 46
plants frem populations of four synthetics 

G1-316 K 46 G1-317 and Kenhy 45 GI-298, produced by R. Buckner,and
 

nine synthetics Fiom trispecific hybrids developed by A.W. Hovin 

and Helen Hill. Two hundred anJ fifty-six hybrid plants from 160 
crosses were submitted to polle.n tests and their chromosome number 
counted in root tips. More than 8Y of these plants have 42 
chromosomes and are fertile, and 78 of them have more than 70" 

The other plants areround and completely-stainable pollen grains. 

niale-sterile and have chromosooe numbers varying between 28 and 35.
 
,hese results agree with those reported by Berg, Webster and Jauhar
 

when Fl male-sterile plants were backcrossed to .. ::.Zo',.
 
This indicates that the contribution of .n'%, species in those
 
synthetics is possibly very small.
 

A number of those hybrid plants was tested for perloline,
 
N-acetyl 
loline and N-formyl loline contents. The results show a 

large variability among the plants for alkaloid content and also 

demonstrate the possibility of selecting plants with a low content 

of all three alkaloids.. ,e-,.' analyses showed that the D-values 

However, no relationship betweenvaried between 59.9 and 69.1. 

alkaloid content and digestibility could be established.
 

The current work indicates that the use of a wide gene-pool,
 

selection of the most sui cable parents, efficient culchicine 
chromosome counting and selection of aephiploids havingtreatment, 

superior agronomic characteristics, would all assist in the
 

production of new and improved grass cultivars which would replace 
fescue cultivars.
with advantage existing ryeqrass and tall 


Key words: intergeneric hybrids, .' x "'.:r hybrids, grass 

breeding, amphiploids, alkaloids, digestibility.
 

86 



1-16-2 G1rowth, 	 and DeeoieLolf Two Echinochloa Ile
 
S ecies naWr Teriperate~Climate 
 ' 1 

Agricultural Research Station, New South Wales 	 ' 

Most summer growing forage crops fall into either the 'sorghumi K K_or millet species 	group. Included intthe millet group are two 
1 'secies 

known asJapanese barnyard illet and Indian 
s Echinochloa utilis ad'KEch'±n&chl6i'frumntacea commonly

barnyard millet res
'pectively. These spce aeanIelgbe C~oet~ladhge
 
flowrtiealue than_, orm seisIoeveu 
 ,
andy generally
floweriearly, yield less lack vigour 	 in 

growth., 	 the patternreI, In this study of growth and development of 
two Echinoch~loa millets was jexamined as part of alarger programme
 
aimed at improving the prodtction 'ofthese forage, species.
 

E. utilis cv Shirolq dE frumentaceacv.i dWhiter ancum . ..
 
-weregrown'undersurface'iri\±gation at Trangie (32 s tio8 a
E).

E, u weeklyeMeanmaximum and Ainiium temperatures rangedfrom 38/19C 'WI 
to 28/140 C during the, growind,/period. Uninterrupted growth was 
measured.by sampling every two..ee.. regrowth from sampled areas 
was measured at the end of thelgrowing season. Leaf area was 
determined and the drl,,d plant fractions were weighed and analysed

for-nitrogen, sodiun and sulphur.
 

The maximum growth rate and dry matter yield of E. utilis

(30 g/m2/day and 11.7 t/ha respectively) were greater than for
 
E.frumentacea (11 C/m2/day and 5.9 t/ha respectively). M~orphol
ogical features including a prostrate growth habit and smaller
 
leaf size were associated with the low yields of E.frumentacea.
 

Late flowering in E.frumentacca (20 days later than E.utilis)

indicated delayed elevation of the apical merister; regrowThi was
 
better in this species. When the extent of tiller decapitation was

equivalent in both'species, rcgrowth yields were similar. To 
obtain good 	regrowth it is necessary to cut or. graze a crop of
 
E. utilis before;7 weeks.' Alternatively regrowth may be improved

by obtaining cultivars which flower later and/or tiller mere
 
extensively.
 

E. utilia was higher in sodium and sulphur than E. frumentacea. 
nitrogen contents 	were similar. Mineral concentrations changed

with time and, especially with sodium,' differed between plant parts.

For both species mineral levels exceeded animal requirements

although the N/S ratio for E. frumentacea was marginal.


Important agronomic differences between the two Echinochloa
 
millets have been elucidated, 'The characterisation cf growth and
 
development has demonstrated how high forage yields I~n these
 
nutritional desirable. species may be obtained.
 

Key Words: 	 Echinochloa utilis, Echinochloa frumentacea,I'
 
barnyard millet, growth, development, morphology.
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1-16-3 Carbohydrate Content and Some Anatomical 
Properties of Grass Cultivars
 

M. 	Falkowski, 1. Kukulka and S. Koslowski 

Academy of Agriculture, Poznan, Poland 

qualitative 	ratios'lb. researches concerned iluall titat iVw and 

Festuca arundinaceain carbohydrate group, of Dactylis gloinerata 

and Lolium mutltiflorum varieties. The carbohydrate and lignin con

tent was determined during vegetation, in three regrowths , in vege

stage suitable for graziig. Moreover, thetative phase, in tle 

carbohydrate and lignin distribution in plant above-ground mass, in 

earing phase, was determined. In order to denote the occurring 

dependencies, the anatomical examinations of leaves were carried 

out by measuring the characteristic features of epidermis, mesophyll, 
sclerenchyma ard vascular bundles. 

On the ground of results of mean content of carbohydrates and 
their accompanying [ignins, l.olium multiflorum varieties deserved 

highest positive evaluation, in contradistinction to actylis glom

erata and F!estuca arundinacea. Cenerally, Lolium multiflorums var

ieties proved to have higher sugar content at lower cellulose content. 

The mentioned favorable set of some Lolium multiflorum varieties is 

conspicuous ly marked, for example Ninak variety. A,;concerns the 

liemicelltloSes content, Festuca arumidnacea varieties had a higher 

percentagLe, in contradistinction to Lolium multiflorum varieties. 

lite analyed anaitomaical characters stress again tLe hiiher ali

montary value of Lol ium mul t if lorum varieties, which have the rela'-

Lively smalle ;t :iurface covered by sclerenchyma and vascular bundles 
on cross section of leaf blide , at the greatest mesophyll tIhic fess. 

Moreover, the ignificant (li fferences between varieties in the scope 

of species, in leaf anatomical structure, are found, which in can

nection with dependence Lipon chliemical composition, may be used in 

lab rs concerning the improvemint of varieties destined for fodder 
Iroduc t iOn. 

Key words 	 l)actvlis g uIomerata, Festuca arundinacea, Lolium multi
florIm, carbohydrates, lignins, leaf anatomiral structure. 
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1-16-4 Summer 	 Dormancy in Italian Populations
 
of Dactylis glomerata L.
 

P. 	 Lorenzetti, A. Panella and E. Falistocco 
University of Perugia, Italy 

i,-diterranean types of perennial grasses are winter growing and 
sutmner dormant while Central and Northern European types are winter 
dormant and suner growing. Dormancy severely limits the annual 
production and largely determines the seasonal pattern of yield
 
distribut ion.
 

Summer dormancy was studied in 81 Italian populations of 
Dactylis glomerata L. collected from North (48°N) to South (38°N) 
of the italian peninsula. Dormancy was measured at Perugia 43005'N 
on 60 plants for each population. All plants with nonvisible green 
leaves in -ummer but regenerating in the following autumn were clas
sified as dormant; the amount of green foliage in summer after a July 
cut was taken as a measure of the degree of physiological activity 
of the plants. Ieh samte plants were scored for winter growth and 
greenness in )ece,iber. The percentage of summer dormant plants of 
the 81 popili:t ions was correlated with the mean score for their 
ssmmer growth (r=-0.75 " '; ) indicating that dormancy can be evaluated 
also when the cliisautic conditions do not permit the sharp distinc
tion betw.en dormant and nondormant plants. The results have per
mi ttedus to di ,it ingui h thr.e isa in ;roups of populations with 
incL'e.Silg, eveI of Soimser iormancy, namely northern, central and
southern . Wintr growth and greenness was negatively orrelated 

with sumis r ;riwt h ( r=-() .,1) . 'he greatest variability among 
populat iotnsm wl; observed in the southern group for suzuser dormancy 
aod in the nmort hero ,roup for winter ,rowth; the central roup showed 
intermd1, it e ; of dormancy in both periods. Among Italian 
pOpiilIations if hiac tylis ilomerata, variability for dormancy, both in 
summer and winter, is so higlh that breeding of adapted varieties 
with te dsired grswth rhythm should not be difficult. For the 
specific requioretrst;; of a given areashe level of dormancy of the 
local poptilation seems to be too high, and therefore the base pop
illation for breedin ;I puro ;p s shomuld be chosen among those found 
in localitie ,; with less severe climate and more fertile soils. 

iLey words: 	 orchard grass, DacyIis elomerata L., summer dormancy, 
Italian Populations. 
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1-16-5 Select ion for S,'dlln, Vigor in Russiani W'idrye 

j. D. ni) l. B',rdahI".. hirker 
I i kott, t.S.A.IISiA, SIFA-AR, North 

,....ishment capabilit! is an important
Improving stand 

of most forage gre.:s breeding progr-ams. We ascertained
objective 

of uoning need weight and coleoptile Length, two highly
the value 

and eanily meaurel traits, as nelection crit-crin for 
heritable 

Rut;; ian wildrye 	 (Plvmu UlnICteUj Fisch.).
improving :;eediing vigor of 

ninal1 seed .iZecateqories o.c'h consisted of 
Large, medim,-.aid 


10 seen lots that were 
 derived from 10 	 open-pollinat ii plants 

gone ba-e. Average seed 
selected from a population with a 	 wide 

each seed size i ito tory were 4.2,
the 10 p[-ants within 

and small sed,
weights froit 

3.2, and 2.4 mg/need for large, medinn, 

length of the 30 genotvp ranged from
 

respectively. Coleoptil 	 (,, netween coleoptiseand the cor,'o1..t.on coefficient 

and 
40.7 to 54.6 

seed ;ght was 0.69. CoeoptiFe lenigti of large
lerngth and 	 , 

2.3 ram,non-nsignificantly by
n1,-i'i.il l eI siz, categories dif r red 

lte.]Ii ui arid am11[ need wan 
-',atthe. aver age ,4.2 mnldifference he tween 

:;lgni ficant.
 
planting wa mea;troid 
 friln needs placed 5 

IEergeric' froL deep 	 greenhouse.
eO deep in sni1 	ma intamined near field napic itv in thle 

I: ;eed weight 	 -. ;, coleoptilelow for need Iota, withEm,-rgenc, wal 
were
 

lenqth itergiing di ffi-rent in r,.e 0: emqer'genlce or total
4I5 min. LarJo and inolittli[ :;iz': ,nedr;
lea:; than 

rio)t tigim if ic il' 

dry weight; r,.cord,d 70 Lyan after plailting
en-filn', I.ii i , 	 1 

I.1. ,/plot 1,)r Iarg-, iredium, ant' 	 nina I , et 
i'erlig,.d 3.7, 2.7, and ' 
.me,',tcategri-, ro'tpo':2tivoly.
 

2., ci eI-.pth in Ifinely ground vermiculite
 
Pm,ergliitc,' rcmIa 

-7, ind -9 '- l matric pott-ntit I we;;
it: -,,
maiintainemd 

1wr fltr the :amil need ain: net'ir7, but the
.ignifieiantl7 

ie:: wa not ;ignificui . 
i twg n letirq,and ir-iin;; catgor(I If,,rehe , 

(-9 hat:;) wa; not 
,'rqon'c' , enotvp,'' tinder 	 1t;Ii iro-Lught (tr'a.; 

r-.;pen atrlerit'ntO -5 (lart; of matricit -7 nid
cl-n,'ly r'letel to 

. Th large ri Intlo imrng i(piotyp'- in rate of eimergence and 
notential 


-) hir; of ilatric pottntial, stigeteid 
 that
 
total el-erglice I 


that may he present lor physiologicaL processes
enetic v,ir Lihil ity 

irotiht s;trea. 
Condit ion Cl divi.,iAn and elong ation titr 


wet !ignificantl'/ lower in

Th'- stnall -;-' d i;i cittegtor 

h ind ;ized t;e-d in on, fieldthin ittioim large 
aiming tile

emrglence prcnrigo 
i mit diflernenco 	in -ilmrgenc,

-nvironitient, ilti 1) pi 

;ed ,-;iz. wi tt 	 in a !,,cond field environment..'<nttieo; 
i ro-vnient interict -is 

rr end) (,.nt'jp -ii' 

hi iti ill ). rtplicat ion:; 
NiIIh ex'i-,r itnint.l It 

and te!;t iivironientrs aind.lit,-I that: )'r 

in ,- dlin g,, in fi,-ld 	 studies. 
ireno il to it'titr-' difi run,'' 


Gennt 
 p'; with 'rod w,'<i,ht; .ier'qig n ,!; than i.0 mg and 

buith ratt: of 
coleoipt tIe lengths I'L;; thi.15 m wire low in 


wIh,-:nto,.fted in ccmtrolied environ
atil total i-rcenro' 

1 ot i poiupletion tif Rlomnaian
-mergoti, 

ti ;,-,dling vigor 

ri, hyi,' fir d incirii qonotypt':; with 
tent::. e7 oni:;ltd,1 

wildrv,' .v tuld i),. ' , t 	 low 

enith.fir iccr'ae. n< ,ol tit 
!.;,d w,.itiit follc)re,: ;7 ;,l.ction 

}i]vnii~i, c-t::I.' t. aolteo'.t i le
Ke'y wirdrI:: ia I willr ' , i , 

,t, toriv ing eighr, a,:: weight.
;rind I,:t-lL i:;h 

yu) 
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1-17-1 New Effotts of Forage (.'ria Breeling in
 

Eastern Cand.'
 

. tephen 0. Fejer Vernon ). Burrows 
and W.illiam B. Borkenk:usp 

Research Stations, Ontario and Albert, C:Linada 

, 

Annual forage cereals nlve been used il Canold: for a long time 

but efforts to breed i forage-7"r are relaspecial cultivar for 
tively new. Deand.; for such cereals are particularly high in Western 
Canaldl Whici, lh, IiV ,.t ,ok prodIi ti,'I .iiid wh, '.- rlost LeI iru'g'.c -f 

testing is being done. Howver, it is in L:r;tern Can,id where efforts 
for breeding such spec iii i:,,d cereal cult ivi; hLtve be intensified 
recenti, . 

File firSt oro Cc l lIc ltivor iIa ,d ill r,. i t ',;Irs'1., in 

(:aIlIla wai; Footh iI :it;I from )ttawa (bilurrows, Cinid,-:.l 1978) a dual
purpoS' s,,lect i on e it h iit,rstpec i fic hack;,roilu , onlyw: i:h ivi,.l 
aiout 7 less groln L 2W tore digeust ib,' dr' MAtte r ;W lo'core 
than copipI r: I ' COO Lrols as col irseld by exteInive' tLtin iiit .stern 

Czlnoor:i. 'fli' next species With claims for u;e :1; it 1'ori' cere1l s 

types, produced syl[o ,t 

Ottawa before his ret i r,llitt . Froimi a lnrge collection, 30 .;iptes 
w,r, selected for satis factory ;,rain yield, ili ,Colt to lilcoLltbe for 
Le st in, il 1979. o) thic ,s MI s opijs , two wLore winter typ's, with 10 

dsta avaiIi o I :;y .t, 17 were spi in' type' ( the othe:rs i 

triticalo , both winter and sunimer by .r. '. 

and trl,:i
aiete. 'iv, ol th. !;prin ; t\'p',.S provc.d vry promisinl, combinii liih 
;rai[i I d wi tit i h dry iscit ioul Ottoier c,,r,0a Ist r pioduc t cionpsr,'d to 

inciuiiu. si:x ti ici i , ;,, ections of i it type- Irfoi
rinieiLtoL., GulIph 

Univr:;ity, Lw, ii 'hi-h i-i; ; t,w tivars 1980 by-w,r r, easa ciiI iI 
Irs .I i.e iubr, -IJ V. Po.s I. 'Iihe bi-rI work is ;tl,' iii by Dr. 

(;. , " l tt i i , v . :'- i alh: si lly les anridsi~c H' (bwn 

h.)oc,.d in! rducthi ,.;ob,.iii-I Irom Dr. .i I 11!;ka , Frci ill,, W ~ r 
11it/y. ow0;,' Of th at-t.r ty,, ll', 1 tiolvan l t ;ilies of res-;e:leCtiOll 

.n, tcst ini, both in tii''- th rooms lld illtile fi eld at Ott awa, aind 

it I icolub'. In coii].irI-1 to I r-oe ~iltl, eri l , tlar] y 1'ovides 

hi,,i ora-, yie l.I w.ith hi tl dii ,,;sihii V md prot.[-ii content (higlly 
po:itivly corr-liated to ',achottier) co,.oined with a.:c.tlabh, grain 

vield. New cultivars should b av I Ole for rehieas', in a few years 
Iihiik; ;lr,II,' Lt the Cove elintof Alberta for a I;pocial 4rant 

tor tlL til' for , ce r,eals, aid tLo hr. F .S. 1.;r'ren, i ttawa , 1'r di
teSti1i I itY t,:;Lts. 

Key words: forage , reals, barle, oats, trittcale, breeding. 
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1-17-2 Studies )n 25 Varieties of Elephant Crass 

(l' iinisetum purpureum Schum) 

P. 	 B. Alc5ntara, V. B. G. Alc'intara and J. 1. A!meida 

Animal Husbandry Institute, Nova C.Idssa-SP, Bra:;iI 

The present experiment was carried out during the years 1975

1978 to (a) identify twenty-five cultivars of elephant grass through 

their morphology; (b) to study the chromosome numbers of the culti

vars: and (c) to evaluate tie :Idaptation of the varieties to low 

and to high levels of ianagement (cutting), vmcasorilln their Iry-ilott, 

production and in vitro digestibility. The low level of management 

involved pre-determi ned cuts at 5-10 cm from the ground, and tile higi 

level involved cutting the plints of each plot b!:ck to 0.40 cm from 

the ground when they reached 0.80 cm h.,ighi 

From the morphological studies we found that differentiation 
Factice itof the cultivars was very difficult but that with I much 

was possible t, identify the following cultivars: Uruckwami , Cameror 

Porto Rico , and c'ommon napier. In hromosome number all the cultivai 

,,ad 2n=28 except the hybrid Bajr.: N.B., which had 2n=21. In the 

;tudv many species demonstrated large seasonal production. The 

two levels ofvarjeties with the best winter produc ticn for the 

management were, respectively: Taiwan ',-144, Taiwan A-143, Elefante 

nitne ir7io C.E., Coinion Mercke r, Mole volta grande, Taiwan A-241, 

Cameron, plot number 4, and laMjra N.B.21. The v.rieties with the 

best sunuier product ion for the two managenient:s were, respectively: 

Taiwan A-144, Ilefante mineir lo C.E., plot number 6, Elefante 

minciro, plot number 9, Ta iwan A-241, Cameron, plot number 4, and 

Bajra N.B.21. 
From the results we concluded that (a) identification of tile 

cuiltivars is very difficult; (b) the chromosome nuimber of all the
 

while that for BaIjra N.B. is
varieties except Ba ira N.B. is 2n=28, 

2n=21; (c) the high cuLl-in,; resultel in the highest yields buL 

also led to the greatest reduction in yield from year to theone 

next; (d) the best cultivars for 'ow cutting during tie dry season 

were Taiwan A-144, Taiwan A-I43, l'lefante mineir%-i C.E., Common 

high cutting during the 

dry season the best were 'laiwan A-241, plot iuumber 4, Cameron, and 

ihajra- N.B.21. The nest management was cit tin,; higig except at the 

hercker, and Mole volta grande; aid (e) for 

beginning oh the dry season, whe.n resiilts were: bert with the low 

cutting. 

Pennis e tum purpuieum Schum., varieties, 

morphological characteristics, chromosomes number, 

managerment, bromatological composition, in vitro 

Key words: elephant grass, 

digestibility.
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1-17-3 Characterization of Three Outstanding Species 
of Cynodon (enus in Introduction Fields 

J. 	 J. Paretas, -lrtha L*pe an'1 M. C'rdenas 
Central. Pasture Station, Cuba 

Three outst:,n! ing species of the Cynodonigenus (Coastal bermuda 
grass) were studied for three years with two levels of nitrogen (N) 
(N 1 200 and N,) 400 kg/hi/year) with the aim of characterizing their 
seasonal yiel] potential (dr-V matter l00/ha) and their crude protein 
coMpositoion percentage (CP), plosphorus (1) and calcium (Ca). The 
experimental work was carried out in a latosulic soil, using a fac
torial design tfur 	 The species cutwith replications. three were 
every 36 days at 5 cm hei,,ht in the rainy season and every 45 days 
at 10 cill durin the dry season . In this latter season irrigation 
was appL i ed . All the treatments receiv,'d P aind K at a rate of 50 
and 100 klrh/''anr. N, (2!, t D>1/lia) was s inificant ly superior 
( 0.001) to a I ( 17 t ) , tith IN tIe species .'-re signi ficaitty 
differ it L (I "0.t01 ) , with B. swane yieldi. , 19.4, Coast cro:;s ber

muda grass 1,. 3 , nd Coast.l bi''mud-i grass 14.0 t/Di/ha. In turn, 
with N., Coa;Lal brtmudai rass was poorer (22 t W-1/ira) than tire 
other 	 two :;pt-cie; (24./ t !)?,/ha). l' percentages were more affected 
by thi ''a n if th', year (11.5 and 7., for the rain an dry seasons, 
respJ ctivly) than by N application (9.1 vs 9.5) for an( N2). NoN l 
!; ,,nit i mit di ttere'ces were round ietweeil sp;ecies . ' percenLtige 
wz, 0.:,1, 0.'2 ,' i 0.20 fotf r oa tal b ruda ,r s:;, Coast cros;s iher
nudt .'ra s Nn. I i(] B. swanee grass. Th- three species had similar 
vaillo'; of Ca (0.46'). Both elentits wore affectei by the season, 
with ' valuse'; of 0-.24 and 0.19," and Ca value; of 0.40 and ).5fO'l for 
the dry amf wet seasons, respectivoly. It can be concluded that 13. 
swanee and Coast cross bermuda gra,;; No. I with 20i kg of N/ha can 
offer iigh yieid ; with I ar adequate CP', ' and Ca composition, uni;r'ing 
poursible a gtood conversion of N applied. 

Key words : Coastal berurrula grass , Const cros!; iierriilda grass No. I 
B. twanee grassr , nitro,,enous fer i 1 i 'or, iiineral compo
sition.
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1-17-4 Forage Plant Cermplasm Collection, Evtuation and Utilization 
in the Well-Drained Tropical Savannas of Colonibia 

B. (;rof 
Cenro Internacional de Agricultura Tropical, Colombia 

Some 300 million hectares of extremely infertile grasslands
 
stretch across the lowland tropics of Latin America. Although these
 
ranges support about one half (ifthe 160 million cattle found in the
 

region, productivity is generally now. Poor nuritive value of native
 

pastures is the principal cause of this low productivity. A fundamen

tal approach in correcting these nutrient deficiencies is through the
 

establishment of improved pastures based on legume-grass mixtures. 
In 1974, the Centro Internacional de Agricultura Tropical (CIAT) 

initiated a coordinated program for the systematic collection, intro

duction and conservation of selected forage legumes and grasses in 

tropical America. During 1975, CIAT directed extensive forage legume 
explorations Linder the sponsorshi.) of the International Board for 
Plant Genetic Resources. After 1976 this work continued as a full 
program of CIAT. 

Data on the performance of species in clipping trials and inder 
actual grazing conditions are presented. The experiments were sited at 
Carimagua, 350 kineast of Villavicencio, near, the Meta-Vtchada border 
at lat.4 34' I, long.71" 20' V'in the Llanos Orientales of Colombia. 
Altitude: 160 in, annual rainifall: 2100 mn. The soil is an acid (pH 
4.1)Oxisol, Al saturation: 86.5 . 

In search of accessions with higher yields, resistance to pests 
and diseases, a randomized complete block design with four replications 
was used to evaluate 73 accessions of Stylosanthes capjtata and eight 
of S.macrocephala. In another experiment 40 accessions of Centrosema 
spp. including C.Facutifol iuln, C.brasi 1ianurt, C.itacrocarjpum, C.pascuorum 
C.pubescenis 	arid C. v rl_iii a Were tes ted in small sward plots. 

Under grazing as well as cutting regimes the late and mid-season 
flowering accessions of S.capi ta_. produced more dry matter thtan the 
early flowering accessions and S.macrocepha Ia. Accessions of C. 
)brasilianu and C. racroctrp)ul were the highest yielding of the 
Centrosema species under cutting treatment. 

(razed pastures of 9 ecotypes of S.cajmitata, each in mixtures 
with Androp ogion gayanus or Pryachi-aria. decumbens, produced presentation 
yelds (D.I up to 19.5 t/ha year with a legure content of 36 and 48 
respectively. 

Desmodiuin ovali foIium, alt Asiatic species of the genus, was the 
most persistent lequrie in association with B.decumbens and B.huiiidicola. 
Ouring the second year following establishment lef:ume content of the 
two mixtures increased f,'om 38 to 49 and frcomi 30' to 36 respective 
ly. S.cajitat; and D.ovalifol u-mproduced similar herbage yields in 
associa tiort wi th A.gayanus, both legumes outyielded D.hete-ro-carpon 
cv.Florida.
 

Several legume species show considerable potential for the Favanna 
regions of tropical America and :owmercial cul tivars are likely to 
be released in the future. 

Key words : 	Stylosarithes, Centrosema, Desmodium, Androjpogon,B2cchiaria, 
geriplasm, savannas. 

94
 



Nit,ogen 	Application in
2-i-I Trials on Time of 

the Spring to various Grasses Grown for 

Seed Production 

Anton Nordestraard 

State Research Station, Denmark 

a series 	ofWith 	 most of the grasses grawn for seed in Denmark 

trials has been carried out on increasiog n it:ogen rates in the 
TIhe resultsautumn combined with increas ng rates in the spring. 

of these trials show toat analitilutlin application of nitrogen is very 

to most of to, 1,,ras:.es and ncessa-iry if the opt uium yiel(important 
of seed is to bn ;IchiLe'd. 

In ordet to find tile best time of applyinr, nitrogen in tile 

spring when producing grass seed, a number of trials have boon car

ried oet in the recent y'oars with1 various gras's. Up to and it.

of nitrogencluding 1981 the followinji numbcr of trials on the ti me 

with Festuca rnbra , 29; bactylisapplication lave been criried out: 


. lomerct;I, 28; Poa pratensis, 4; Lolil perenne, 1; Festuca pra

tensis, 23. PhIleim nratense, -2; and Phleuim bertolinii, .
 
the winter was over 

the field; the second application was 
11,e 	 first application took place as soon as 

and it wis po.;sible to drive in 

growth had started and the third applicationl when them;,de 	 when tHe 

new tillers; wore about 15 cm long. '111o average dates of nitrogen 

April I.l;t and April 30th,app! ication to FeLtie!: ruli)r were .arch 2nd, 


and this comels ory near tlhe aver.ia's for the other grass;es.
 

of nitrogen applicat ion in the
 
spring is of 'reaL importne for the development of the gralss. A
"'I'L rosult.' show that the time 

of the species reselItel in a 

fertile tillers/
dlay in 	 niitroeln applicatLio to most 

ni'ivti effct of v:.ryi'l,; !,,.ros on the lnumber of 
number of,il L hut :1 positiv', ifoct on the seed weightt and the 

S. 	 I's per f i Lti I I .
 
rIh i ILt f fecet; 1 tIlle y i colip n ,intI; was a do-r If i ,;,' 


crease 
 in !;,,d vi'ld of Fi.:to a ri ra, Dactyla, i_. cm rit a aInd 'oja 

i: -lcr,;, ill 'i.1d of Phlotm nraton!;' and lllhusLr,!ten.is but a1l 

ber tol in ii As for Lii ill! _ierni n iid Fti';jic'l iralt.l l;5.. tlu' posi tive 

th , 	 i,,Id c:,n el 1 ,d ,-1li othter out and so tileand n gLitlve effects ol 

;'ed 	yield did not d1. :1 l oil tih- tim-, of 0nit. rogen appl icat ioll.
 

On the bal;is of tlls;' rll t it T:ie;L be 
 r-,Ceiiirisnld that ni tro

gen be applied iin the sprii, t, 1sthea ri-iiira , Dac tvl. si;I Wira to 
is or( r :ind to FE;tluca praand Pea pr'tens;i'' ais soonl l; ti,' wintir 


to
te liSi!; nrid Lo-i um pe're-une a:; ;nout ;is ;,rowth 11.1 start"d 1,but 


r peii lat o) not tilt i ti
P11eut'M pratense nd bertol in ii (whi ch 


growth is we I I under wany and tile grals has t iIler; about 10 ciii long.
 

Key words: seed production, nitrogen, time of application, grasses. 
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2-1-2 Influence of Grazing Management and Nitrogen
 
Fertiliser Application on Seed and Animal Production
 

from Nonspecific Swards of Festuca, Dactylis and Phalaris in
 
South Australia
 

C.M.J. Williams, K.G. Boyce and R.S. Martyn
 
Massey University, New Zealand, and South Australia
 

Pasture seed and livestock production are integrated in certain
 
countries. Trhe animal is used as 
 a defoliator and animal production
 
is a byproduLt from the seed crop. Perennial grass seed crops are
 
usually grazed for all or part of the period beginning soon after seed
 
harvest (in order to remove crop residues) and during vegetative growth
 
(to stimulate tillering and reduce lodging) until the time of early
 
reproductive development of the grass. If grazing animals ingest
 
developing seedheads, these seedheads are lest for seed production. 
Little information 's available on 
the effects of the duration of
 
grazing, stocking rate, ind time of removal of grazing animals on the
 
nitrogen (N) requirements, seed yield and animal production from
 
perennial grass pastures.
 

Field trials were conducted in a Mediterranean-type environment
 
in South Australia aimed at defining optimum levels of grazing and
 
N fertiliser management practices to obtain maximum animal production
 
without reducing grass seed yield. The main treatments applied in
volved the u;e o:' five closing times (i.e. 5 times of removal of 
grazing animals), three stocking rates (0, 15, and 30 sheep/ha) and 
three N rates (0, 75, and 150 kg N/ha). The treatments were applied
 
in three separate, identical trials repeated over two years on estab
lished swards of tall fescue (Festuca arundinacea cv. Demeter),
 
cocksfoot (Dactyi_ glomerata cv. Currie), and phalaris (Phalaris
 
aquatica cv. 
Australian). Further details of the design, measurements
 
and preliminary results for tall fescue have been presented by Williams
 
and Boyce (1977, Proc. XIII Int. Grassland Congress, pp. 506-512).
 

Time of closing was the dominant factor influencing seed yield
 
and animal production from the three grass species studied in both 
years. In general for each species the intermediate time of closing
 
(i.e. early September) produced the maximum seed yields and there were 
substantial rAuctions in seed yields if grazing was prolonged fur
ther. Ungrcx.cd treatments produced similar or slightly less seed 
compared to the intem-ediate time of closing, for all species. Pre
sumably some early season grazing is desirable to remove excess plant 
growth and establish a uniform canopy, to ;timulate tillering and to 
reduce lodging. Animal production increased as the time of closing
 
was delayed and with increased stocking rate. However, grazing should
 
be curtailed as soon as significant reductions in seed yield occur.
 
Stocking rates of 15 and 30 sheep/ha produced similar effects at each 
time of closing and each N treatment in all species.
 

In general a minimum of 75 kg N/ha was required for maximum seed
 
yield in all treatments. There was a trend for increased response (in
 
terms of seed yield) to N applied at rates up to 150 kg/ha (the high
est rate used), as the time of closing was progressively delayed and
 
as stocking rate was increased.
 
Key words: seed yield, Festuca arundinacea, Dactylis glomerata,
 

Phalarus aquat-ca, nitrogen grazing rates, grazing
 

duration.
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gz i ue B .urninas a 
"Vest |1Post-2-1-3 Seed productionTool in CrassManagement 

W. C. Young I1lW. Youllgberg, and
D. 0. Chilcote, II. 

U.S.A.University,Oregon State 

Post-havest residue burning, initiated 
in Oregon in the
 

blind seed disease in perennial ryegrass,
 
early 1940's to control 

has been found to be a nost effective field sanitation 

method
 

now a general practice in
It is 

which also enhances seed yield. 


use is expanding to other regions.

Oregon and its 


Questions of how burning beneficially 
affects grass seed crop
 

production have been the focus of many studies conducted 
over
 

These studies were given
 
several years in the Willamette 

Valley. 

in
 

emphasis by the concern fur clean air in certain locations 

(1) document
 

Oregon. The objectives of the research were to: 
 post
the yield response of different 

species and varieties to 


a several year period, (2) compare
 
harvest residue burning ovE" removal for
 
burning to alternative methods, such 

as mechanical 


effectiveness inmaintaining 
seed yield, (3) evaluate relationships
 

of time of burning to subsequent crop yield and 
(4) determine
 

effects of burning on growth characteristics related 
to seed
 

yield.
 
Investigations were carried out 

over a several year period
 

examining response to burning and mechanical residue removal
 

of different grass species and varieties 
in experimental plots at
 

Results indicate that
 
in the Willa;,tte Valley.


various locations 

most species and varieties respond 

positively in terms of seed
 

yieldi however, some show a 
greater yield response than others.
 

Forage type perennial ryegrass, orchardgrass, tall fescje, and
 
compared
 

bentgrasses are less responsive 
to residue management as 


Varieties within species respond 
differently
 

to fine fescue. results
 
t more effective residue removal 
o burning, but in 9eneral 


in higher seed yield. Increases in fall tillering and earlier
 

emergence of a larger number 
of panicles is the basis for seed
 

Weed control is improved
burning.

yield increases in response to 


by post-harvest burning with 
greater numbers of weeds surviving
 

are practiced.
 
where mechanical methods of residue removal 


Burning ea-ly when straw moisture is low and before regrowth
 

Late burning when regrowth has
 
starts gives su erior yields. 
 stand
 
developed and moisture content 

is greater can cause 
Alternate year
 

injury and is less effective 
in removing residue. 


burning is undesirable from 
the standpoint of seed yield 

and
 

disease control. Smoke management by timing of burning to
 

favorable meteorological conditions for smoke dispersion, is aiding
 

the continuation of post-harvest 
residue burning practice by
 

reducing the impact of smoke 
in population centers.
 

pest control and yield
 
The wide spectrum non-residual 
 an extremely
 

stimulation provided by post-harvest 
burning makes it 


important management tool for grass seed crops in Oregon and
 

elsewhere that climate permits.
 

season grasses, seed yield, tillering,

Key words: cool 


panicle emergence, c,,ltivaiZ.
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2-1-4 Effect of Autumn and Spring Defoliation andDefoliation >hethId on the Seed Yild of Lolium perenne 

P.D. Hebblet ai te and T.;.A. Clelnence 
Ulliversjtv of 1.5.
 

Trial!; 


iftK.tight,,t, 

in 19711 and "960 ev,llw.ted the efffrt of autumnspring defoliations and(n frtile ipetx reseval,seed tiller survi,. a.yield comporents, ind ' andn,d forajqe yield inand one agricult:uril-typt,pernni.l 
two ame,. cty 

r ryejr;se-;established in (Lolium perenne)the ,utumn. Re checids (reciprocatinqmowerheight (3-' cm or 6-8 cm) 
or sheep),

of defoliation 
supplem,.ntary ond the addition ofnitrogen (id),ifte.r dfoliition were evaluatedthe variety Royal 

in 
in 19a5.
 

In soth v',r, ind 
,i11 var.et,; autumnsicnifi-,rtt dufoli tion hid noetf ,e.ton sed yiId. With the excoption1930, s,-d yields wer, rod:eCd by cutting if 
of Royal in 

carri-dspikelet initidtion due ouc afterto an iticr,,e in i.-xlarly in autumn-omrqed tiller -, 
r:mov,i, pacrticu

in .:oy,spring-emo'rj-d In 19 0, survival oftillers as ma tur- e.rs at finalincreois;d harwVst wasb, cefoliation at flor.t initiation, and this compensated for fill 
r io
 
S,.d yi,.id r,-duction 
 ',t, icrompinied by decrerse.syi, ld campon .nt'; .:c-opt I001) -,,,d 

in all 
weight in.;!eds/s;pji.,t hoth yecars andin 001) 

itupp]l mi iti, ' N 1:il.d to:,ensa
cutting high for yield loss but(-a em) at 

to 

dry 
lotet initiaotion produc-d 1.2mtter t/ha ofwith rd"du.c pirell less. Spring forag- yie'lds in allid Ii yield ,ri Inc r,>s-d by later cutItings. 

Dbeolicat)ion in iitutrn-,s to bishedHowver, growers,; 'th 
crop:; if;unnecesslry.

foc qe requir-ment:; 
up may safely defoliateto .' ik. let isitiation ond ohtian proxiinately 2 t/ha ofdry imattr from thee va tie.s.
 

Key words: ryegrass, seed production, defoliaition, tillering. 
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2-1-5 +h tl Produc L i on fo r" t iit i%!:;ft;) i i m , -it ,f 

[10z i IPentii s 't um -. in mimx P. pi pur,-l1i v - i d ,' L(Iire s 

. -I 'i ,I I id.lF Ii-

Several genotypes among the interspecific FI hybrids between
 
'Maiwa', a short-day photoperiod-senaitive local cultivar of pearl

millet (Pennisetum americanum (L.) K. Schum.) and elephant grass
 

(.purpureum Schumach-) produced at the University of Ibadan, Nigeria., 
combine the high dry matter yield potential anu p6renniality -f 
elephant grass with greater acceptability to livestock and incre; xd 
digestibility resulting in higher liveweight p-ains compared to
 
elephant grass. Thout2 sterile, the F, Penr ietum hybrids are, 
easily propagated vegetatively. Dii tribution over a wider a, ea of 
adaptation can be facilitated by lare-scale F seed production 
utilizing cytoplaismic male-sterile peirl millet. 

Cytoplasmic male-sterile Maiwa wL'i developed by Li::;iitrring 
male-sterility factors from Tift 23A pt rl millet throu:h a
 
backcrossing procedure.
 

Male-sterile Maiwa was grown between rows of six elephant grass 
ecotypes which combine well with it, in a 358-m 2 plot. To ensure
 
coincidence of flowering with elephant graB, Maiwa was sown at the 
end of August. 

Seed head ditieasos, the most serious being ergot (Claviceps sp.), 
resulted in heavy losses and 3.17 kg of F1 hybrid soed was recoveredk This 
is equivalent to a production of Udd5 kgi a of hybrid seed, adequate 
to establish d ha of pasture when the seed is oown at the rate of 
11 kg/ha in rows 50cm apart. At Ibadan, under ideal conditions 
a 1.60-ha multiplication nursery is requird to esUt;blieh the same 
acreage vegtati,'ely. 

The study has shown that large-scale production oi'the F1 Pennisetum 
hybrid seed is practicable. A much higher seed yield can be expected
 

diseases prevalent in the humid environment of Ibadan can be 
contained. Seed production in less humid regions where pearl millet
 
is normally cultivated should minimize the problem.
 

Key words: Pennisetum hybrids, seed production, seed yields.
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2-2-1 Alfalfa Seed Production Evaluation, Harvested
 

and Theoretical, at Different Nutritional Levels
 

Paul Varga
 

Research Institute for Cereals and Technical Plants, Romania
 

The research done under irrigated conditions at Fundulea
 

(Romania) in two growing seasons, 1977/1978, was designed to deter

mine the best nutritional space for alfalfa (Nedicagosativa L.),
 

variety Luxin, cultivated for seed production.
 

The trials were established in a randomized block design, with 

four replications and the following variants: (VI) - 50 cm between 

the rows, 2 	 cm on the rows, (V,) - 75 cm x 2 cm, (V 3 ) - 100 cm x 

2 cm, and (V4) - 125 cm x 2 cm.
 

The number of stems was recorded in one meter, the number of
 

racemes on one stem, the number of flowers in one raceme, the number 

of flokTers in one meter and the number of flowers in one square meter.
 

Based on this data, the theoretical seed yield was calculated 

and compaied with the harvested yield. 
It appears that in alfalfa seed production, the best distance
 

between the rows is 50 cm and between the plants on the rows 2 cm,
 

that is 100,000 plants per hectare.
 

The data obtained are significant to propose a new method, sim

ple, correct and useful at the farmer level, for seed production
 

evaluation in the flowerinp time, about one month befce harvesting.
 
Following this method, the number of millions of flowers per
 

hectare give directly the number of kilos seed per hectare. The 
seed production evaluation obtained with this method could outyield 

the harvesting seed production by 32 - 49 %, unrelated to the size 

of the nutritional space. 

Key words: 	 alfalfa (Medicago sativa L.), iutritional space, Luxin,
 
seed production evaluation.
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on Top andi 
Intensity of Defoliation and Its Effect 
2-2-2 

Subt,,rranean Clover in Spain
 
Seed Production of 

Goisez Piteraand CarloslRamos MonrealAlvaro 
Agrarias, C.R.I.I).A. , Spai',

de Inwvstii gc 	 onesNacionalInstituto 

the effects of intensity of 
determincThe objectives were to 	 such as seed 

on other parametersand on sed productiondefoliation 	 and soi'l stir face see. 
of buriedand amount 

weight, acid viability two species of subclover were chosen, 'Uri-
For this purpose, 

tit( first one
brachycal1clmum,and Trifoliuinfoliium subtei,'aneum 	 on the 

Ausr alia ,, with many cultivars available 
widely used in on the 

oue with only one cultivar (Clare) 
and the second 	 to determarket 	 in S.W. Spain, 

hut widely represented spontaneOis ly 
market, 	 these two species.ofin the behavior

poiesible differencemine a 	 Thirty-two
in Olivenza 	 (Oadajoz).took placeThe experiment 

in inning of October were sown lie b,=
randlo plots, 	 each 3 x 3 is, 

of Daliak, an Australian 
a mixtureof them includedSixteen 	 sown with a1977. 	 and the others were 

and Victor, a 	 Spanish one, 
11,cultivar, 	 and L.O."brachy" cultivar,

the only Australianof Glare,mixture 
a Spanish .election.	 were measured for each variety 

and seed weightratesGermination 	 of seedlings Wi n 
same amount w 

have thein order to
before sowing 	 both species.used in 

[he same sowing ro,-o was 
each mixture. 	 rangingintensities 

The experiment included 
to weekly defoli

four do foliation 
life cyclethe wholeduringfrom non-defoliation 

at ions.	 till the eni 
(a) weekly cut.-
follows:were asThe treatments 	

the cnd of life c';elc; 
life cycle- (b) monthly cuts till 	

.dG no cutsof 	 andflowerig;the beginnin, 	of 
(c) 	 moothly cuts till 


the whole life 
cycle. 
on each cuttin'at all during was oven-dried and
 

The material the end
collected 	 ot 
on each plot at 

growth remainingttie topweighed, as was 	 x 0.25 in squares on 
froI random 0.25

collected season. SeCis were 	
o tilesoil surface were kept 

seeds formed
the 48 plots. The

each of 

from thos,- buried
separate 

Key words: 	 subterranean clover, 
defoliation intensity, 

seed yield,
 

seed weight.
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2-2-3 Effect of Differint Systeos of Seed Treatment,Packing and Storage on Vigor aind Cermination 
of Five Tropical Forage Legumes 

Ri. tabra les and J. Bernal 
SemiI las La l'r.'dera, Colombia 

Production of tropical forage I egume seedsoften the is expensive.establishment Veryof si _t!,';is 'ifficult due lackto ofuni form i ty in vi'or nd g''roi nation
with chlemic, compounds has been 

of the legume seed. Treatment
reported usefulThe packin, material t., break dormancy.and temperaLue of storage have nsoported to ;aff-ect ieed 

been re
vigor and germi, ation.To recently halvested seeds of tropicalboides, Benth), clitoria 

kudzu (Puerlria phaseo(Clitoria ternat-a, (L) Dno), Centrosema(Lent rosem~a pube
INec et ( all( 

" s n1 1(1 i Itr (Mlc p tilt.ed) U111(Dt ITe aat ropu rplreumi LIM1(,
o 

1 ntortull (MfiIIer) Urban),f ll truil theelts were'applit d co.centljated sul furicfor five Illinlite; 'at ac K' (96%)tile heglinnlln of the experimentsulfu ric cid , concentratedfor five Ilinute. at planting time,
for 21) lillte:; It l , lot water at 80'C
p] Il11g. t III u11(1 ed seeds used as 
1l roa', 1Werele s controls.l10'ck, in 1ipelotr andan1d storst ill tli 

' l 'it ic (polyethylene) bagsile ll 0( 8 ( 'I r: ' tomperatllure)CId l', ,111(1 ill tih( "C gIve :,, t'( p,'r.-Iture).rlo is t 11rL, ,rod tf-mpo'rn ture rei,. a,'t 'I , 'lel- da eriminatedd ),,erm inIla t)r (2?7()C ill a-Iili )') mo i.f; ture),'very 20 dhvs for :i [' riol of ;ix Siolithia. ResuiI t:;,day ; alL ir lant iln r',-, cordi d five(vippr) and 20 dir's aftr pla' tIll ' (lg-,rminat ion).Results Il'diotI tihIt vigor and germination increased wi th 
trat'rll(!iI
fonllld i11 1:1o0St O, ' he f- ,,by 50k lll, the 

. ld ' fspec ies. ThI o b -lltils hot t(er ] ts 4e:ew for 2( Illitlte'.In ie rll , ;" ,IS 'tord ill plic;tic l tIk, dormancy fa.str f hillh( teoperatureth,'a ' 

temp(raerl tIlI's;


a;de; -iedin l'pper h,'n,, or :it low 
Treatment!; l ik,, siilfitric icid do no,t lref>,Tt 'ril) ;iv'nificanlt
 

ldV/all; ta ,e (s' 
 o" ' I 1 Illi hot wIter. 

Key words : se(ds of troi[ccl forage I eg/umne trea tment , packing,
Storage, vigor , gerviin..L i ol. 
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Red Clover Breeding and Seed Production 
German Democrat Rc lepublic 

in the 

2-2-4 (;Uienthe r Koehler 

VVB Soat- ,nd tf'lanzgu t Ouedlinburg, GDR 

In the GDR, red clover is grown in pLre stands and in 

clover/grass mixtures. It is fed to animals 
either fresh
 

The diploid 'Marino' variety is 
or as conserved forage. 
well suiteO for one-year to eighteen-month field 

forage
 

growing. The tetraploids 'Perenta' %rid 'Matri' lend them

selves above all to two-year to thirty-month 
arable
 

cropping.
 
It has been the breeders' task to produce diploid 

and
 

tetraploid 	varieties for one-year to eighteen-month 
and
 

three
for two-year field forage growing, giving two 

or 

cuts each. 
include the increase of dry

iajor breeding purposes 
matter yield, better lodging resistance, suitability for
 

field resistance to stem
 use in clover/grass mixtures 

rot (Wclerotinkatrifoliorum), resistance 

to mildew
 
feeding value. The new varie(Erysophe martii), and high 


ties must be sufficiently winter-hardy and ensure high
 

seed yields, particularly in tetraploid forms. These
 
through the development of new
objectives 	shall be met 


polyploid basic material, experimental use of 
species
 

hybrids, wad development of synthetic strains.
 

As red clover seed production is started even 
before
 

the area grown to new varieties can
national approval, 

be rapidly Auended. Seed growing in the GDR is accom

plished according to industrialized production 
methods.
 

The fields for red clover seed growing are mostly 
be

150 and 200 ha in size, depending on the requiretween 

ments of combine-harvesting following chemical 

siccation.
 

minimum can be achieved if
Seed yields of 0.25 t/ha as a 
the following requirements are met: sowing in 

due time,
 
on


mostly under spring barley; cutting for forage 


schedule by the end of May in the year of seed 
use; use
 

of eight bee colonies per one hectare; threshing with
 

rubbing cloth; artificial seed drying in the case of
 
was possible
adverse weather conditions. In this way it 
 to


in recent years to c'itinuously raise seed yields, 


provide seed of the best varieties to the socialist
 

fars, and to make clover seed available for export.
 

Key words: 	red clover (Trifolium pratense), varieties,
 
breeding purposes, seed production.
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2-2-5 
 Effect of Laboratory Alternative Temperatures on
 
Retention of liardseededness 
in Siratro
 

Jack E. Butler
 
Department of Primary Industries, Queensland, Australia
 

The contribution from hard seeds during establi:hment of pasture legumes requires more positive documentation. Temperature

one of tie most important 

is
 
factors influencing tile rduction of hardseededness in the field. High temperatures can also be used to reduce 

the proportion of hard seeds prior to sowing.
The responsiveness of hard seeds of Siratro to alternating tem

peratulres Wa's Illea.Sured to 
i) gain greater understanding of the contribution they could

make during pasture establishluent phase, and 
(ii) determine the possibil 'ty of using a pre-sowing heat 

treatment. 
Seed of nine samples of Siratro (5acroptilium atropurpureum cv.Siratro) were subjected to four temperature (C) regimes (250, 150/450,15°/600, 150/700, 16 hours at the lower temperature, 8 hours at
higher one) for periods 

the
 
of one to eight weeks. Seed was then germinated for a period of 
56 days on moist germination paper at 250.Heat-treated seeds did not i,:aibe as readily as untreated seeds.l'wever, in the 8-56 day period, substantial numbers of heat-treated
seed imbibed whilst very few untreated seed did so. As 
 a coasequence,

alternating temperature treatment significantly reduced hard seed content at 56 days (150/700, 150/600, 150/450) for all samples.
Although there was a significant response to extending the duration of the d-y-heat treatment beyond week,one the response was verysmall in comparison with tile effect of the one week treatment.
A high proportion of hard seeds of Siratro can madebe permeableby exposures to temperatures which commonly occur in exposed situations

during Suinmer in ,topical and subtropical regions. Time significanceof thi s finding i J iscussed in te rms of pasture establishment prac
tices and ,,anagement strategies 
 aimed at Siratro persistence.

If Siratro see.l is to be sown under conditions such that lowertemperature: will prevail, high temperature, trelatments can be used to
reduce tile level of hatdseededness before sowing. 

Key words: Siratro, hardseed, heat treatment, germination. 
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2-3-1 	 Inefficient Conversion of Floret Populations
 
to Actual Seed Harvested in Grass Seed Crops
 

K. I. Brown
 
Crop Research l)ivision, SIR, New Zealand
 

Seed recovery, detined as 'the estimated number of seeds 
obtained, after machine dressing, from every 100 florets produced in 
the pre-flowering period' (Brown 1980a), has been measured in all 
our grass seed production studies at Lincoln, New Zealand. It has
 
been shown 	 that although only a small proportion of each year's 
floret population is incapable of producing seed, recoveries greater 
than 	 34 were uncommnon. Methods for determining floret and seed 
numbers are given. 

In ryegrass (Lollum sp.) crops the larger the floret population 
the lower the recovery. The relationship was curvilinear and, with 
a linear term of nitrogen (N) included, 87% of the variance in 
recovery was accounted for. Although the negative effect of high 
floret n,,mbers was ameliorated by N, recovery was low, averaging 
23.3 	 ± 1.0. Floret conversion was inefficient.
 

'Grassland, Wltua' prairie grass (Bromus catharticus Vahl.)
 
floret conversion was also inefficient at 20.8 t 1.6 mean recovery. 
In these trials recovery (1) increased with increaaing row spacing, 
and (2) increased as rate of elongation N increased above 10 to 80 
kg/ha. As 	 in the rvegrass work size of floret population was an 
important factor affecting recovery. However, tie amount of N 
available to counteract N-Lnduced increases In floret numbers was 
important. 

Recovery declined as row spacing increased in a first year crop 
of 'Grasslands G17' cocksfoot (orchard grass) (Dactylis glomerata L.). 
[[ere floret popul,,tions were hithest at wider row spacings, e.g. 
453 cm, 515 x IO3 florets/m2 with 9.9 recovery compared with 280 x 
10 florets/m2 with 17.4 recovery at 15 cm spacing.

'here can be little doubt that recovery was poor and floret 
conversion Inefficient and thaL the size of the floret population 
was an important determinant of recovery. Research a[med at 
inhilbiting reduction in and/or increasing recovery offers a 
promising approach for increasing the efficiency of grass seed 
production. UndersLanding and manipulating the floret x N 
interaction and a thorough knowledge of appropriate methods of 
harvesting are suggested as two approaches ,.hlich may lift recovery 
beyond 10. 

Key words: ryegrass, Lolium, prairie grass, Bromus catharticus, 
cocksfoot, 	Dactylis, seed yield, floret populations,
 
seed 	 recovery. 
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2-3-2 Selection for Sued Retention in Pha larit" aqtiatica L. 

J..R. Mclilliai1, s nd C.N. Gib mn 
Un iver; i ty of New lig Ia n d, New Sou thIWa I es', Aus I ral i a 

Seed shatter to' is a problem in mos t IStlre grasses 
especially in those that livL- .1 reeL!nt I1istory of do!'r ;t i ation. 
In any th11e'e , 'IrOsI iait ter'ilng a re agI,, eii by unevenof losses grav 

ripening of jnlorescieces sinl a low perien ta' oi ible seed. 

lr: i,,i ty of the rach iI I ;i ppei ;o to t i 1ost COMfllit 

Caulsei O seed shatt l'illrn ill ;is illl n . tlli, Cliiection is 

brokeun, tlie i"e 11'1[ til Ot i olll;ed is f to o1i i 111 e 
of tile snlor-e domest iCaLed i is, tetureJp l , il'i-t, 11 of 
the p,ltI[11;and the maii;llil" illw.hi ch thev p I. ,id tllare e 
tolfiorescence p1iv al hpoctant p;lilt in reitiilli', ;to. 

At tempts to ;ed ii iris (Phl'in.sr.duce hlistter'ph;I 
aEllatiCa) bV Select ion for a more compict and iii i ib I e 
if folescenci- lhav( b(en success fIll , al; is:; thut d("( 1Op[)21nt of special 

iiarvesting" lchi nel'y and tile lis' of sprays to lii, tile Inflorescence 

aind prevent s -e1 fall. 

Thllost siicc echo approach, limuevir, lii comie throiiigth the 
)


discovir , of a nitural ;tedc 'etainini, nutant within the Australian 
cntiti-var Of7pihahlris, pus's ns; a strong, non-britt h, rachilla 
which iieliucrs tlii seed ill the :;pike itt a t ialuritv. Thi: chacacter 
has now been inorporaLtid illto ilu W Still1 ri'tailljll' ciult iv;it which 

can hkt' liarve:;teo WithO Illt iI-feri. ; ;illV ;i) llil iC;iili loss of sUed 

fi a ieriod ox telldill; for t I last [t , ,., id { ; i lur lI stiiltdil 

nattir i t-y. 

I[L (seomi; po:is iblv [h ilt 1111l[;lti(-11'; (11 tilt tL,' C- 101111d in1 

pilla i; tiiilt l)l't-Vu'll l;ii t . n maOgy ho )' l n yiy grass t ; ' it i 


species, hut iicalist;e t it'hst' te tt ;e, tlt iVye ii
liit1kLl11tL; lsailvllltaige
 
ill fl-1-(l[/ V2,OfI lth'' Tlo
the w ildt , th,: l! n , C,~ ti'elll l !! 1 1L 11i ill
 

,)opuJl,;aLit'll, will D)t:!;p t hi. bhe pw:;s,;ib1e to
bo' low. i 1 i t !;houl Id 


I O._ atu- t-ll Mll l 1:11lll I s[ ih , l.1- imp[o rt all t rassesi, lli
t111-k l l' [ by
 

ovvircoglilln" 011C 0 fL hit' 111;1iOr pr"b I emsnv; illh1)i t inj, thel dolS st icat .I 1
 

Of theSe siecies; tor use; i tll 1I1tiu .'111 c 

Key wu ds : ipha I a r is, PhliI r is atl ti:t ic 1., :e-d rie tent i ol. 
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2-3-3. Sel]ecti'on for Steed Yi-'eId ini 'L'olium pe'enn e 

'' ' S.'Cecrli N. Facil i d FD aiii '>~
 

SUThe miain 	 emphasis 'in most' for~ge &iss breeding oramsi 
s ivonl to dryM ter yield although seed yield,,is -a very" important :'' 
a ttribUte in the sta-ges Of seed mutpiaino ' e'1ait~. 

'The purpose of' his research :was to 'study 'the intreaLosis
 
~ between ,seed:.yield; 1000 seed wcight, and'date of car'emergencedn

Lolium perenne through the analysis "of'direct and correlated re

Sspo'nses to'one crcle~of phecnotypic~recurrent selection."
 
'~Sl~'ion applp..'on cnoasing tne -14 plants with. Lile high~est seed yield., 'thee1l:with~ the highest' l000-seed weighIt, the ear-i " 

l~i'est~1'4plants' andthe latest J4 .(selection 'prcs'sure=4%). In
AaddlitIio'ai unselectedcontrol 'waestablished with 14 randomly, 
~
 'Kco ehonlantis. .The, progenies" ob taind by randomr ma ting of, selected 
paet eeevlae o allselecion criteria as spaced plants

Llnaaranidomized block design with l50 plaints per population. 
 2? 

SSelec'tion for seed 'yield was highly effective, as shown by 
' 

realized'heit'ability (47icreae~epnc toward earliness''~
 ~ (+,7.2%,jbf. c5ntrol), and 1000 seed ,weight <(+8.8%of~the conitrol).

Select'ioni for 1000-seed' we'ight" incriensed the charater by 10.1%
 
wi rejizdir tabiLityoE'4%anc ued -ias_ _
 o f_

,'54'.5%"'in sed 3{&rd and a shifttof bto'a- toar ea-ries e 
lection for early date of car'emergence was more effectivje than 
selection in the oppo~site 'direct-*n;' realize~d heritabiliti'es were' "" 

89% and ~33%,-resoecti'vely. Selecion'forealiness was accompanied' 
~~' 
bya very hginraein seed 'yield whilp "1000-seed weight' re-'
~mained unchanged." ycontrast,'selection for late dat'e of ear
 
emergence was accompanied by a strong reduction of 10OO-seed weight'

while seed yield was not significantly affected.
 

The 'results showed that'a high. potential for increasing seed
 
''"yield 
 ispeeti this population of Lolium perenne: the best
 
~ ' selection criterion to avoid 'adverse' effect upon forage production
 

should be .1000-seed' weight'.' A breeding' strategy for 'the -improve
ment' of seed yield would involve subsequent steps, each' one includ
ing one* cycle of selection for',1000-speed weight followed 'by the
 
evaluation of' correlated 'responses in'forage yield and seed yield.


S The number of steps will be mainly dictated by the correlated re
sponses in forage yield.,'
 

Key words: 	 Lolium perenne, perennial ryegrass, selection, seed
 
yield,
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2-3-4 Processing for hligh-Quality Seed of Big
 

B1.Iestem and Yellow Indiangrass
 

R. 	R. Brown, J. Henry, and W. Crowder
 

USDA-SCS, Missouri, U.S.A.
 

for

Recent reintroduction of native prairie warm season grasses 


species

livestock forage presented seed handling problems with some 


in tle corn belt. Seeding of big bluestem, Andropogon gerardi Vitman,
 

(L.) Nash, through commonly availnutans 


able seeding equipment is very difficult with seed from commercial
 

sources. Commercial seed contains significant amounts of leaf and
 

and indiangrass, Sorghiastrum 


well as awns and other appendages still attached'
stein particles as 

through 

acceptability 
to the seed. Seed appendages prevent an even flow of seed 

the seeding equipment. This handling problem reduces 

of these species for pasture forage systems. Specially designed 

commercial quality seedrangeLand drills are available to handle 

rather well. Limited use of this specialized equipment makes owner

ship difficult to justify.
 
to
The objective of this study was to improve seed quality 


of big bluestem and indiangrass
increase acceptability and use in
 

pasture forage systems.
 

Seed from the combine was placed in a fresh-air bin dryer. The 

dried bulk material was processed through a debearder. The debearded 

material ,as processed through a three-screen seed cleaner to separate 

clean seed from the other plant material. 

reduces seed moisture to adequate storage levels 

three days. The mixing action of the debearder causes 
Unheated air 

in two ro 

and allows
 awns and other seed appendag s to be rubbed or broken off 

in the seed more complete separation of seed from otLer plant parts 
in significantlycleaner. Dheoearding and cl,,aning of seed reslited 

increased purity and germination test results. l)ebearded seed in 

maintained viability, so no apparent seedstorage up to three years 


damage occurred with the increased processing.
 

Field planting of debeoarded seed in grain iirills, gravity and 

and rangeland grass drills was successful withbroadcast soeder., 


each machin e. M sprocket change-
-etring were necessary on the range

land drill to reduce seeding to a proper rate.
 

Devlopment of a conimercial supply of debearded big bluestem
 

wit i commonly used equipment will
and indiangrass seed to be planted 

greatly enhance their acceptability and use in pasturi 'forage systems 

in the corn belt. 

Key words: 	 indiangrass, Sorgh7!:;trum nutans (L.) Nash, processing,
 

seed qualit: , debearder.
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2-3-5 	 Seed Production Potentials of Eight Tropical
 
Pasture Species in Regions of Latin America
 

J.E. 	Ferguson, D. Thomas, R. Andrade, N. Souza Costa and S. Jutzi 
Centru Internacional de Agriciltura Tropical, Columbia 

Early identification of geographic regions providing high and 
consistent 	 seed yields for species of interest, especially legumes, 
would 	 be very advantageous. Our objectives were a) identify poten
tial seed yield and the principal detenrinants thereof for n range 
of species, b) progressively determine the relative potential of 
distinct geographic regions, and c) stimulate emphasis upon seed 
production 	 issues within pasture programs. Eight grass and legume 
species, either promising accessions or local cultivars, were estab
lished in replicated pure stands at five locations. Compound ferti
lizers were applied, incliding nitrogen for the grasses. Seed was 
harvested on one occasioi. each time a seed crop matured by direct 
manual collection or mechanical cutting and threshing. Weight of 
clean 	 dry seed was recorded, followed by a -,irity estimation. Ob
servations 	 were made upon phenology and problematic weeds, diseases 
and insects. liem field experiment is current for two years. 

Maximum annual seed yield (kg/ha) and multiplication rate (ha/yr) 
were recorded as follows: Desmodium ovalifolium CIAT No. 350, 220 and 
55; Pueraria phaseoloides common Kudzu, 135 and 34; Stylosanthes 
capitata, average of CIAT Nos. 1315 and 1405, 962 and 190; Zornia 
latifolia C[AT 728, 680 and 170; Andropogon gayanus CIAT 621, 143 and 
70; ilBrachiaria decumbens cv Basilis k, 366 and 146; Brac.iaria humidi
cola common, 400 -and 160; PaniCuTS maximum, avera of 3 eultivars, 
115 and 40; respectively. Determinants of potential reed yield re
corded during 1979 and 1980 were: (a) Temporal weeo dominance. (b) 
Lack of pe-rsisrence: S. capitata ClAT No. 1405 was killed by anthrac
nose (Coltetotrichum spp.) at Brasilia. (c) Failure to flower: D. 
ovalifolium and 1). phaseoloides did not flower in 1979 at Brasilia 
and Felixlandia, probably from moisture stress before induction. 
(d) Red,!Led vegetative and reproductive vig, r. Diseases such as 
anthracnose, splaceloma scab, root-knot nematode, affected S. capi
tara , Z. latifolia and 1).ovalifolium, respectively, while Urocystis 
and Ustilago spp. affected B. decumbens and P. maximum. prolonged 
high soil moisture caused P. phaseoloides to flower and seed sparsely 
while moisture stress had a similar effect on I).ovalifolium. (e) 
Lodging. Some established stands of A. gayanus, when fertilized with 
nitrogen but without a preflowering cut, lodged after flowering. 
(f) Native 	 plant populations of Zornia spp. reduced genetic purity at 
two locations.
 

Tl e biological potential for seed production in each region 
appears favorable for particular species, e.g.: Brasilia, Z. lati
folia and all 4 grassos; Chimore, 1. ovalifolium; Felixlandia, Z.
 
capitata, Z. latifolia and A. jayanus; Quilichao, S. capitata, Z.
 
latifojia and A. ayanus; Sete l.agoas, S. rapitata, Z. latifolia and
 
the grasses. These initial results will assist researclers and pro
ducers to optimize localization and management of future production
 
efforts with these relatively unknown species.
 
Key words: seed yield, multiplication rate, biological seed produc

tion potential for eight tropical pasture species. 
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3-1-1 Phosphorus Utilization in Grassland Ecosystems 

J. Karlovsky 
Ruakura Soil and Plant Research Station, New Zealand 

The process of phosphorus (P) 'fixation' by soil was for long 
thought to result in large losses of P and led to a common belief 
that plants can recover only about 10 to 25,, of the applied P. 
Because such small recoveries were considered turealistic and contrary 
to common farming experience, the efficiency of P utilisation in 
agricultural ecosystems has been investigated. This was done by 
LS inc1',* 

(1) 	 a balance sheet approach in long term P maintenance 
trials which had reached a steady state, and 

(2) 	 published data fitted to a common nutrient cycle for 
non-steady state conditions. 

The efficiency of P utilisation in steauy state ecosystems was 
defined as the amount of l ) taken up by the plants as a percencage of 
the total amount of P required to maintain the available soil P pool 
at equilibrium. 

The efficiency of P utiliSation in non-steady state ecosystems 
was defined as plant P uptake plus gains or losses in the available 
soil pool, as a percentage of the total P inputs to the soil. 

New Zealand evidence shows that I' utilisation in grassland 
ecosystems ranges from 70 to 90 percent of the added and recycled P, 
the remaininog 10 to 30 percent being lost in and from the soil. 

.These finding.s ' en incorporated into fertiliser recommendation 
schemes which ale currently undergoing field testing in New Zealand. 
The maintenance fertiliser requirements are first determined for 90 

percent of the max imum production and then calculated for other levels 
of production by the equation:

L llO0__i7IiI'm I0-RY]J100= [ f lg 0(/l X 19P0 

where I'm is the fert. i Iiser required, ki: P haI vh - for a given 
relativc )yield (RY) and P() is ferti liscr mai;,t,-,ince requirement for 
90", of the maximum yield,'ki, I' ha \'r 

,alance Aheet stuidies based 1, nutrient c'cles indicate that I' 
is ucilised eff;ciently in most ecoystems. This finding is in con
flict with traditional and still maintained theories of large-scale 
P tixation by soil. The concept of nut:'ient efficiency defined in 
this paper is of p ractical importance since it can be used to 
calculate nutrient inputs required to maintain steady production in 
any acro-ecosyst en. 

Key w' rds: 	 phosphorus utilisation, phospho rs cycling, fertiliser 
requi rements. 
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3-1-2 Problems of Sardinian Pastures and Certain 

Aspects of Their Improvement by Fertilization 

Efisio t ., 
Instituto Sperimentale per le Colture Foraggere, Italia 

Tie growth of Sardinian native pastures, owing to the Mediter
ranean climate and to a flora made mainly of annuals with a rela
tively short 
cycle, is very irregularly ilistributed. This situation 
becomes critical in the inner ii ph ranges where the late fa I I and 
winter production otten is insignificant and, according to the needs 
of the animals, is ho:ri-fore insufficient for many months and largely 
excessive ill a f,,w of tlhe spring oneos. Io tls,, environments a
 
basic solution has been singled out in 
 order to regulari;.e tie forage
availability ]tiring thel oear: haymakin of the- surplus of the spring 
vield wlich could b redistrib ted when1ll asture pronuction is at 
stand.till, al trying to reach the highest possible yield in spring 
it order to obtaiii a pr,-at d.al of !:tocking. 'lhe effects of mineral 
fortil ization on ti,- realization of the latter objective is described 
in this paper. 

Responses of nativ pastures to fertilization were studied dur
ing 1071-79 in to,- inner 'Satrdinian localities with application of
 
P, K anl N in a fiactorial coibination. Fertilizer rates, times and
 
ways of application wor.e va ri:ii I. for Ni and fixed 
 for I and g. 'Tihe
 
trials wore fr ely gr;--i', up i hill of spring ild then
t bginning 

wre 1I ft ound t it b ! It i I Ita'yii k :itat the enil of spring.
 

The 'Ipplicatio-, , oitral f,-rti I .r, li-ail-" to i sharp in-

CIeall of 1'iIydll . capacity of not iV- Oi
pastrs. average, during
 
tilt- fotr .o:ir; tI. , pi rimont, th, mset ffective fet-tilizi r treat
minte; iicnr:l~t,, the, fr1i,' yie ld 1",, 71' 
 in the Most productive
 

p;l!ltl' r a i' .
 ?.;)y)1 ill th' other 0ii,'. ihospioru; provid to bi tile
 
MOleSt 
 ilapo t lilt i -lil' 1t in I t It 1:1,1-; -tI in onet, o f thi - charactor
i :,1t by a ',, I ,.i 
 lItnt lf ]i it IllIitie r-a Siz; ta nd , it h rough t a u t 
tb, slna:.iflhl ilicr-l.osi ill oil its own. It also improved the botanical
 
compoe iti, th -ofalI
i ;i Lli r incrase of the 1 -gnmes in tile poorest
 
sward and tw ilold illc i , Si ill tlit 
 othier ol,. Potash had no marked
 
i1pact on for'It ,, yi ,I , von i f soa-- Ii ffIrenceos r,e;u I t-ie etweI(
 
tI,. toc'.IiIi s ai I int l i-:ict iilt; witlh 
 ti ottIr eleme,nts w reI noted.
 
N i trog1 1iffIet ; prov,- ti t,. v:ria1- occot-'lil tc locality, tiotan
ic aI c, po,; it i o i f I t v, I rdi , t s a d Iat. ot I i cat ion.
Il i in " appl 

[Ii 1i1. wi tiIor co ,, r Im.u Itt , ; hI-. 
 g ras S vwerpI predOitiinan t , early 
slil-- l, applic it o, n.;la r ,in iv,, th,-n fa I I app 1 i ca t i ol, anil
 
, i tpl.d.ith 
 i'tII' pr,-, -:, th.. i : h,, -t d but mali op practically of 

proas- - , ic,l-. ' t . : fI,ot ilI i -i , in till- rgulari zat ion of,intun i ,,lItd w:l.,; a I ;<, ,+ Jl,,Et In1 :;"m.. t r.-;tmonts , a Ithough Ltle ainua I 

prodlc t I iii I..'li n, ! Oltt I, t i ilod 1ir iii th,, Spr i lt moll the 
Ri I [ ,! Ihi 'Zr' d,,m li4 t rot,- tthat f-rt i I i eat i on if it t ivet'l 

pa;tur , ,l!s .Lg t- with havim:k i o it th, spring Sitrplus, lI lows 
ob t, i i o a ir,.:Ittool of , con baI used duringI ,rt toit nt po'riods of 
limil, I Iii-,t ti.L ,pI-ra ti , !i; i r- d f i nit I ol v -ry cheap 

wa- ti c ;I-' a vllr, ri,-illar t  1- ova i liih i lit-; to .Ili s and,there
f I i,tl- r p i tornl l tc t viI,., ill ir,lii lI,-ss llic trai1.ta 

"ixy woirdle: i:ltivi- pIlsI I lt- !I: P ff rti I ization, vioIe t seasonality, 
ol'l:s-,:lip nocD ftil Ii 121l ll e-tI~+itt,

tll
 



3-1-3 Growth and Phosphorus Concentration of Centrosema
 
pubescens in Flowing Solution Culture Under
 

Differing Defoliation Regimes
 

Sanan Chantkam, David G. Edwards and Colin J. Asher
 

Kasetsart University, Thailand, ind University of Queensland
 
Australia
 

An experiment was carried out to investigate the effect of
 

several defoliation regimes on growth and tissue phosphorus concen

tration of centro grown in flowing nutrient solution at 	eight constant 

87 and 2641 M.soluble concentrations, viz. 0.06, 0.24, 0.7, 3, 9, 26, 


Each flowing culture unit was randomly assigned a soluble phos

four methods of defoliation 

x three cutting intervais ;: three replications were established using 
phorus concentration. With;in each unit 

a randomiaed block design. Phosphorus treatments were imposed 13 days 

into the flowing cultureafter pregerminated seeds were transferred 

units which contained basal nutrients only. Defoliation treatments 

were initiated 29 days later. At this time, plants were cut to 

and 12.5 cm, while in a fourth treatmentstubble heights of 2.5, 7.5 

all leave; were removed from the plants. Cutting intervals of 7, 

d,ys were imposed on plants in each of the four defoliation14 and 21 
treatments over the 42 day experimental period which followed tie 

initial defoliation. These cutting intervals resulted in 6, 3, and 

2 harvest!;, respoctively. Dry matter yields of regrowth were obtained 

at each harvest , Shile stubble roots were obtained at the final liar

vest only. 
laximumwi dry matter yield,; in all defoliation treatments and in 

control Olants were obtained at 3 plllphosphorus.non-defoliated 
Total dry matter product ion I creased with lowered cutting height, 

the lowest top and root yields being cu, t', t ly ub,.Lained at all 
cmphosphorus concent rations and all cutt ing intervals in the 2.5 

cutting height and complete defoliation treatments. The effects of 

cutting; he.ight were particularly marked at tile 7-day cutting interval. 

Be;t growth of defoliated pIant;s was achieved with a cutting interval 

of 21 days and a cutting height of 7.5 or 12.5 cm. 

Mean rates of phosphorus absorption were depressed by the most 

severe iefoliation treatments, viz. 2.5 cm cutting height and the 

complete defoliation treatments. Death of some plants occurred in 

-liese troat;llents. 

iie phlosplu"5 cn0oelitratLions in the regrowth and whole tops 

of defoliated plant; were al.,'avs higtler than those in the tops of 

non-d,.foliated control plant;. Although phosphorus concentrations in 

the reprowth and whole top,; increased with lowered cutting height 

lollowill;' I sil;l e dofoli;tiot., sub;equent defoliations decreased 

phosphorut;icIenc;lLtraLtion it the reg.rowth, particularly at the lower 

c;t tin ,, I,i ',his.t 

Critical plo';pho ru; concentratioins, derived from relationship; 

ItW ;;'ll growth aid tistsue phosphorus concentrations wereplanit 
llilhr in de loliated than ill control plants. The critical phosphorus 

concentration incr( with cutting leight followingea;ed lowered a single 

defoliaItion, bit decreas;ed with lowered cutting height following a 

s ,r i-..;of d,.foliat ions. Th , critical plospllhorus concentration also 

,-cr,'ased with increas;;ed citting: interval in ;ill cutting' height treat
rienlt S . 

ile apronomic implication; of these findings are di,;cuss'd. 

Key words: 	 Centroseia pubescens, soluble phosphorus, defoliation, 

cutting heighit, cutting interval, yield. 
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3-1-4 Availability of Soil Phosphorus to
 
Tropical Pasture Species
 

F. W. Smith 
Division of Tropical Crops an. Pascures, CSIRO, Australia 

Quanti tat ive measureiments of tihe amount of soil tphosphate
available to plants were made by an isotopic dilution techniqe 
(L-value). Following very thorough mixing and equilibration of P 
with soil P, sequential harvests of perennial pasture species were 
used to monitor the available P pools in two alkaline clay soils. 

In initial experiments with Cenchrus ciiiaris (buffel grass), 
an apparent increase was noted in---he-size of' the available P pool 
over a number of sequential harvests during a three month period. 
This apparent increase suggested P was being transfecred from a 
lreviously unavailable pool to the ava ilable pool during the 
experimenLtal p5;iod. Planting buffel grass after various periods of 
incubation of '-P with soils estallished that the apparent increase 
also occurred in the ibsence of plants. This indicated that the 
increase was not driven by I' removal from the soil tiy growing 
p lants. It may relresent a natural cycling of P that is occurring 
conitirniuouisly in the soils. 

A further experimelit w.; run to detlermsine whether species that 
differ in their efficiency to u:e soil P may ntlurence this rate of 
transfer. The tropkal legumes Stylosantles canmata, Stylosanthes 
gianensis..acropt i ic,,,i arorrcu lul,I and ltsmodim, intortm were 
used in addit ion to huffel grass. leasurescents of thiehoiil size 
of the available P pools were similar with all species. 
Fu rtlhe rio re , the appa rentL rate of increase in the size of the 
available P pools was the same for all species in spite of large 
differences in both the rates of P removal and the total amounts of 
P removed by the various species. Differences cetween these species 
in their efficiency to take up and use soil ) were therefore clue to 
differences in their ability to exploit the same pool of available 
P. They were not due to a capacity of any of the species to expand 
this pool during their growing period by increasing the rate of 
transfer of P from previously unav;uilable sources. One soil had 212 
Pg/g of total P, of which 36 pg/g was available initially and 55 
pg/g appeared to be available after 150 lays. Figures for the other 
soil were 138, 19, and 25 pg/g respectively. Unlike preP iously 

,published experiments using simiar techniqo'ns to a.irse s the
availability of soil 1P, the apparent incie se in the size of the 
available P ool was not l inearly rel Led to the amount ri P removed 
from these, soils. tloweve-, it was linearly related to Lime. 

Key words: phosphorus, isotopic, dilution, tropical pastures, buffel 
grass, Styl osanthes, l)esmodhim, s i ratro. 
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3-1-5 EffecL of Various 'Formsof mine ral3 Fertilizers 

S Viadilen Iglovicov,,Vasily Kulakov,.Alexandr.Shapkin , , 3 

~j~ AllUnion W1;iamsFoddr Research lnstitute,:USSR 

~ plav,(li quid nitrogen fertilizer colitaining,30% N), liquid~complex
 
~fertilizer (1% NY134-37% P25,,amaoiium polyphosphate (16%N, 61% 
 3 

~jP205),;'urapolyphosphate (17% NY 52%' P205) an'd potassium ietaphos
~ phate (58% P205 .38%~ K20 ) was studied on grass swards which were
~cgrazed or cut 3 times. The aim was to determine the optimum rates 
<,and combinations of various forms of.fertilizers and to determine i 

con'ditions'iof their effective use. The dominating species'in sward 
 " 

were cocksfoot.(Dactyis glomerata L.), meadow fescue (Fes~dca pra
tenis Hud) and Ttimothy- (Phleum pratense L.).
 

3 Y~>~Dry matter, (M) yields, with' the N2 40P60-90gKI 2o2 rate, when
 
using 'liquid ammonia, were 9.0 and 11.1 tons per hectave (t/ha);
 
pavA9 7,and 11.4,t/ha; ammoniunvnitrate, 9.3 and 11.3 t/ha under
 

Sgrazing) and Cutting, respectively (LSD05 0,76 and 0.41lt). Liquid
 
complex fertilizer (LCF) 'and ammnonium polyphosphate gave the same'
 

-- y a t 	 r-i l -- n r a c-s-u e p~s la e- -ii-3 P 0 K 8 ,, ,--'d 
average'.dry 	matter yields on pasture fer~tilized by LCF was 5.5:t/ha
 
an'd With the N94QP102K,80'rate, 9.7.and 9.9 3t/ha respectively.2 
Cutting gave similar results; With the N2 40 P10 2KI2 0 rate of3 appli
cation, LOF yields were 11.3, ammonium polyphosphate, 11.3 and super
phosphate,. 11.0 t/ha.'
 

Various forms of nitrogen fertilizers applied in combination 
with poly- and metaphosphates gave similar grass productivity in all 
treatments. Significant reductions in dry matter yields were observed 
when using combinations of urea and potassium metaphosphate. The, 
use of liquid ammonia and potassium metaphosphate combination was of 
certain economical advantage as the annual NPK rate may be applied 
in one 'application, in spring or in fall. 

Nitrogen fertilizers varied slightLy in their effect on crude
 
protein content of DM. With the N240 rate-using liquid ammonia, 
crude protein coniunts of forages3 werel 21.7 and 17.8%, grazing and 
cutting,.respectively; plav, 20.3 and 16.1%; urea, 19.6 and 15.6%, 
and ammonium nitrate, 20.5 and 15.6%. Combined application of liquid 
ammonia or plav with potassium metaphosphate resulted in increased 
protein nitrogen and watersoluble carbohydrates and reduced nonprotein 

nitLrogen. No significant effects of'1Ltrgen fertilizers on grass 
''' 	 mineral content were observed. Ph osphc U, content in DM of grass 

award under 3-cut usage and application of 68 kg superphosphate was 
0.28%; .102 kg,' 0.37%; LCF, 0,29, 0.37,' 0.39%; 136 kg, 0.37%; 
ammonium polyphosphate, 0.26, 0,37, and 0.38%, respectively. Com
bined application of liquid :ammonia and potassium metaphosphate 
created most favorable conditions for agronomically valuable micro
organisms.
 

Key words: 	 nitrogen source, application rate, potassium, phosphorus,
 
grass yield, grass composition.
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FacaI l Latter DeOPSIto2-1l 	 rzigadGr~e5fl~ 0 ~qrsiTropical 

V.P. Si Ingh 
J. K. Josni, Y, ,..ukiyand 

j4Vikr nv erhity) 'India~ 

of various coilsufmlerof~faced]. pter
L~eooitillefficiency 't'ayvay ccrdngtflcmp o <~' 

to any factors-l'myvayacrigrelat~ed 	 the der~is nodirectly 	 are provided during
conditions which consumer and 	 thle eff iCiencY. 

Stype of 	 was .to 'determineOur objective and browsers
composi~tioflnr". 	 ctle)
ce ogre6(e.
~of decompositi'6i'-~a 

(e.g., goat 	and rabbit) 
in field laboratory conditions.
 

onthefield andlaoaoyeprmnsthrtef
Base 

c s of goatt e dung pats , f a 

11faca a tter decomposition o a 
Decomposition ratein field 

conditions*.
 

and rabbitwas determfined. 	 in laboratorywhile'lit:L' L-ba'g technique,"by the~was determined 
itwas dtermnied by followig theprcde 

ofSR
 

.<conditions 	 17)
44

Angcl C.D.P.fllu'D..Ai~o 	 in 

Much difference occurred 
in fae'cal decomposition rates 


-~ ~ The maximum weight was 
observed


SKathleen 

and laboratory conditions, 	 to.

f Ifield 

rabbits 'infield conditions, 
i.e.," 64,8% in contrast 


in aeof 	 case of goat and cattle dung
 
.-cn~-in.in ,----- 50%-in-aotry- was 5-6.3%-9;%ad5--%-56.i-ilpats the weight loss 

laboratory conditions, respectively.
and 	 same conditions of 

It is clear 	from results that under the 

faecal matter decompositionl~ 

temperature and moisture, 
the order of 

rabbit< goat < cattle, 
was in thle 	follow~ing sequence:
efficiency 


or 64,8%, 56.36% and 51,3% weight loss, 
respectively.4
 

Decomposition of faccal matter plays 
a significant role in
 

cycling of organic matter 
and nutrients in grazingland 

ecosystems,
 
an important func

other words, decomposition 
efficiency is 


or inl 	 thlegrclzinglands.
fertility of 

tion inmaintaining the soil 


faecal matter, decomposition 
efficiency, grazers,
 

Key words: 	 browsers, tropical grazinglands.
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Anaerobically 

Digested Sewage Sludge on Grasslrnd in the West of Scotland
3-2-2 aiuurial Value of Liquid, 

K.F. Edgar, R.D. Ilarkess, and J. Frame
 

The West of Scotland Agricultural College
 

The manurial value of liquid, anaerobically-digested 
sewage
 

to the effects
sludge is under assessment in west Scotland evaluate 

disposal on grassland. The concentrations of plant nutrients in 
of 

considered as 
sludges have been measured with sludge total-N being 

The herbage yield response
two fractions: volatile-N and organic-N. 

in a number 
to sludge-N, relative to fertiliser-N, 	 has been measured 

of sludge composition and
of field trials evaluating the effects 

season of applicatioi. 
sludge depends on the 

The concentration of organic-N, P and K in 
1 

variable (3-100 g kg- ). Volatile-Nvery 
but was largely

DM concentration which was 

concentration averaged 40-501, of the total-N content 

independent of sludge DM concentration. Relative yield response to 

harvest a. : application was, on average, equal
sludge-N at the first 

but with season of application and 
to the volatile-N content varied 

appli-
DM concentration in the sludg!. Late winter and late summer 

the bert yield response to sludge-N relative to 
cations gave 


This is possibly explainable in terms of seasonal
 
fertiliser-N. 


with rainfall increasing th', relative response to 
rainfall pattern, 


sludge-N during the season of

sludge-N. Residual response to 

sludge organic-N.application was equivalent to about 20% of the 
of sludge

This basic infoemation on the manurial 	 value digested 

and the results of the ongoing work will eventually be 
used to
 

optimise the benefits of its disposal on agricultural 
land 
in
 

Scotland.
 

manurial value, nitrogen, sewage sludge, grassland.
Key words: 
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3-2-3 Utilisation of Animal WasLes 
for Grass Prouct ion 

llubert 'ruliiey 
Agricultural Institute 

Johnstowo Castle Rcsearch Centre, Ireland 

Animal Wastes conLain considerable guaniLies of plant nutrientsand iF properly managed car be a valuable asseL far mainLaining
'oil Fertility. A hi: proporLion of wastes are spread on grassland
and this present'' special probler<; of ccntaminatirij the grass, low
ef-firiency of tihe niroerin aid po ibl e spread of disease. The

objective of Lii; f'xpr'eimrnit was t.o compare catLIe slurry and pig
sl;urry rn hr 
 ciii ni[t Ierfi hier for Lhe prodctILion of grass silage

and Lhe I tvonirigt gnin of airma]; fredon Lhe three 
 silages.

[here were, .0 plot'; of U.4 ha each in th experiment, 10 forezach Lreatlran..t ;l'y itv !b /ha n sipread 7 weeks before each oftwo !;il ag(e c'Lt; in theT -5 year; 1976 Lo 1978i. [he silages were fedtO three ]rOlt[)!; Of' r('f onhimil,;. IL was f'ound LhA cattle slurry
gave tlltlow;t vieldI and furt-iliise gave the hiohtA. The plantnut r.imtecricrtt of' Lhe gr';nrj.err ;as influenced by Lhe siuarry treatmeot. 

5oil arIa Is .cr lhiA clttle sltirry increased the poLasciumshowed 
stati ; aiNd pilj :;[Ijr ircrnl;v(, L fiplio!;pho . otritus of' 'th( soil. 

?at t"' f )anci ;loe fIr'0i the cattle sluirry treatment had ao;iqrlifJconItly oier I ivevwejiqht go iir than the anina Is on tihe fertiliser 
lt-i .. 1it !;irVPrry r i LTa ileri, avi' irit meirii ite ,al ris.r'InIT iII' 

I cirr n cor( luied HfI Irfrom teor;u1;; thaL cit t-Ie and p ig SlUrryore pOfVomlto t I'-ie;(J of hpahros'; aInd latn'iS!iuriI. Ire riutrogen
.-ffici eric in tireH iPIN 1jr-;i laor, par! icularirly craLtle slurry. The 
s lage f rom I he !;.1trlry t reatifnririts joi;ve I rier ruliIlIi]ivesei ghf
riIio IIlIrrI tI ( r ert ii ier treotirent- , iii; erniphisi!;e; Lthe rreed for 
car(, rirer ur;ifrir n;lrri'ly irn .iloge land. 

!Kvwr,r: animal waistesr, grasrs production, fertility value, 
silag', animll performriince , tritinre, slurry. 
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Influence4 ofLiquid Manure Fertilization 
on the3-2-4-

Amino Acids CompositionSfld.Magnesi'um andPotass.um 

Meadow Grass Cuiltivated on a 'Cirbnnt xSoil vi + 
Content in a 


J.:Fa kowski andL Lyducli
 
.Szczecin, Poland
AkademiaeRolicz 


.coer 


It is very important froml practical'point of

Meadows located on carbonate dils-l more than 7000 hin'
 

~- the Szczecin Region. 

" view to learn about. the influence of luiquid manure on the feeding 

value ofthe meadow grass, 

In10 
6 9 7 8u,the field experimenton the carbonate soil wasu 

per .year were,
The following amou-nts-of liquid manure
S,conducted. 

'used: /control without fertlizing, 2/liquid manure in doses 

of
 
3/ha," Liquid manure was
 

30'rn3/ha,, 3/60 m
3/ha, 4/90 m3/h1a,5/120 m

eappliein nearly spring and after every cutting during the vegeta-


Doses of~liquid manure 
were divided into 4 parts.
 
--'tion' period. 


was estimated by atomic
 Magnesium (Mg) and potassium(K) content 

method and amino acids
 

absorption method, nitrogen (N) by Kjeldahl di
 
compeositiofby AminoAcidAnalyser model AAA-881. 


.Analysi.
ofrothe floral._composition ofthe meadow grass 
showed 

.
the p'sence of the. 	 6 ,


en 	 L. 0.%, Arrhenatherum' hleum prath seL.8.3%, Festuca rubra 
7 "2%Festuca ratensis '" .luds'-
i.iquidelatius L. P. B. 7er4iliedi 

L.n.re arilaedivTersae 15.6%.
 51, Alopecurus p atensio 
 were found'

Aspartic acid, glutamic acid,' jroline a dleucie 


In much less qjuan- . 
as predominant components of the' grass protein. 


serine, isoleucine,' threonine,
tity occurred such amino acids like 


a tracee constituent of 
nd methionine..KCysteineappeared only as 


Both of these groups of amino acids
 the assigned meadow~grass. 

present in each' of 'the tested grass; cuttings. 

The estimated
 
were 
patterns of the grass containedj the' following, exogenous amino acids: 

lcucine, .isole'icine, methionine, cysteine, threonine, lysine, and 

. ' 	 phienyloalanine. 

Mg content at each dose of liquidmanure was 

far below the
 
4% that is commonly considered as indispensable in
 

level of-0.18-0.2
 
the feeclIstuff 
from the meadow, The amount of Mg *inthle grass 

samples of this experiment ranged *from 0.03%' to' 0.11% 
of dry matter. 

highest level of Mg (0.15% Mg) was obtained from the treatment
The 
not fertilized with liquid manure.
 

of liquid manure at different rates did not affect
Application Mg


the content 	of the individual amino acids in the meadow grass. 


level in dry matter of plants was lower in comparison to the com
meadow. In
 

monly accepted standard for the feeding stuff from thle 

con
 

reverse to Mg, increasing doses of liquid manure enhanced thle 


centration of K in the grass.
 

Key words: 	 liquid manure fertilization, meadow grass, amino 

acids, magnesium, and potassium content. 4 ' 
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Dry matter Production
Application,Waste Water3-2-5 	 ;rownRhodes Crass

and Nitrogen Balance of 
or on Sand DunesSoilon Fine-Textured 

A. Feigin, 1. Vaisman, and J. Shalhevet 
T. Kipnis, 

of Field and Garden Crops, Agricultural Research 
Institute IsraelThe Volcani Center,Organization, 

zone of Israel
in the semi-arid 

The shortage of irrigation water 


treated municipal effluents for
 
necessitates the use of partially is
Irrigation with sewage effluents 
irrigation of forage gras3es. 
 intensive research
 
being considered very carefully, ecologically, 

and 

both maximizing production and
 

is being carried out to contribute to 


minimizing the pollution hazard.
 

A high nitrogen input originating from 
intensive application of
 

increase the dry matter production 
of forage
 

effluent water may well 
 Frequent appliincreases the pollution hazard. 
grasses but 	this also suggested

relatively small quantities of effluent 

water was 

cation of 	 Rhodes grass (Chloris
improving N uptake by 
as an efficient method for 


expected that nitrate pollution would
It was
gayana Kunth.) swards. 


reduced and nitrogen fertilization 
could be saved.
 

be 
two years duration were conducted
 Field experiments of five and 
 (Grumusol) and on a
 a fine-textured soil 


with Rhodes 	grass grown on 

The grass was sprinkle-irrigated.
sand dune soil, respectively. 


Treatments were ditterent frequencies of irrigation using three sour

in combination with four levels of N fertilization.
 
ces of water 


100O class A pan evaporation (approxi-

Irrigation according to 


the superiority of twice-a-week application
 
mately lOOemm) revealed 


This resulted in high yields and high 
N
 

fine soil.
of effluents on 
 rif
recovery as well 
 responce to 	additional N furtilization. 
as no 


N input

irrigation frequencies diminished as 
ferences between 
 of class A pan
reduced to 80 


660 and 380 kg/ha did not

increased and effluent application 

was 


Total 11input higher than

evaporation. 
 sand dune soils, respec
increase dry matter production on fine and 


Dry matter production and N
tively, but 	did increase N losses. 


in relation 	to quantity and frequency 
of
 

balance values are d;scussed 


water application and N loss dii to 
denitrification or leaching.
 

found below the shiallow root system of
 
The low nitrate level 


in the
 

the haza-d of nitrate pollution
Rhodes grass toaother with conditions favoring denitrification 


fine soil atosphere, revealed that 

for nitrate 	pollu-


Under sand dune conditions the potential
is low. 

is much higher due to leaching.
tion 

160 and 250 kg of fertilizer-N/ha supplementing effluent 

water
 

containing 50 and 20 ppm N are required for achieving optimal bad
 
sand dune swards.
from fine soil and 


comparable Rhodes grass yields 


If effluent water 
is recognized as a nutrient 
solution and not
 

to be disposed of, 
then efficient
 just as a source of water which has 

bring about 	a considerable saving in 

the
 
use of this 	resource will 


cost of N-fertilizer.
 

was te water,

Key words: 	 Dhoaues grass, Ciloris gayana Kunth. , 


nitrogen, yield, pollution hazard.
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3-3-1 On Interactions of Anioas Taken Up by Alfalfaand Orchardgrass in' Pot Culture and in Water Culture 

Isamu liarada and Isao 5hinohara 
University of Rakulno Gakuen, Japan 

Excessive absorpt io' of iii trate in ILegutlreS and grassnitrite poisoning causesof dairy cattle. This study wits conductedthe interactions to studyof anions (rOT7, CI-, II OlT,,So-l7,' SiODT ) takenalfalfa (Nle~licaigo s;tiva ill)by
1. ) and 

In pot 
orcla rdgrass ()actvl is glomerata L.)cultur, method alfalfa (Du Pulits) and orchardgrass(Kitamidori) were sown in a polyeti[yen pot (12 cm bv 12with 4 small drainage ioles in bottomn) 

cm deep 
containing a 4:1 mixture

Nopp,,ro clay loam 
of 

soil and sand.h'lesoil llixtiire contained 12.!#m/lOOg dry soil of availablePOr,, 4()mg/t0D g dry >oi l of exchangtcable KO and ha.! a pilof 6.5

with If .
 
4 Nirrate-nitrogen 
 (NO.-N) leveIs witli KNOh5i.g/pot, and 3 were 50, 150 andsilicate (Siof ) levels with si licagel of 100 mesh
for chrom:tography were 0.4, 0.8 and 1.Ig/pot. Eachin a pot wasgrowth cramber at placed27°C duri 
all 

g the day and 21°C at night, andpots wire watered wi th ,mieralized water as needed.In the water cul tui, me-thod, seedlings ofgrass w a l fa Ifa and orchar-lr grown in th,- tray with the previous 4:1for 31) dav soil mixture,in greeiLo,s. . Ike seedlingS wer' plantedwater :ultur,, pots with Hiesolution. Nit.rate-nitrogei (N0-N) levelsthe with KNO1of solution were 3, 9, 15 meq./[ and Cl-, il.:'P7 , SOD,' were 1, 3,
9, meq ./1, respectively.
 
Th,ose plants 
 were harve.td and the anions (N07, Cl- lPl,'Oi'o- , Si)" ) were alialyzed. Four replications

'le prepardld of each treatment
til' plalnt samples Welr' mnade' after tissues had been

grouhii 
to 4) losh size.
 
Nitrat, con'eotration was increased 
 witlhlevel the rising of nitrateand %;s greater in orcliardgras,

ND7 x than in alfalfa tissues. The(I- comptition was found for leaves of both orchardgrasswater and inin pot culture; th CI increase
'lcreascd its 1" 

in leaves of orchardgrassMD7 UptakV. Also N 7 x 11-'7 competition was similar
to :47 x CI , hut no statistical significance

) '0) was found for the:.:.q interact ion. NO- % SiD7 and NO x t'POr interac-ionfound wasiii Iear of erchardgrass grown pot culture, the correlationcofficient r being -).716 and -0.647, respectivly. 

n ConclIsion, 
thre is interaction
rine, phos norous, and 

in grass. Nitrate, chlosilicate, except sulphate, uptaken in leavesof orchar'gras, COlmpeted reciprecalLy. 

Key words: interaction of anions, alfalfa (Medicago sativa L.),
orchardgrass (Dactylis glomerata te-water culture, 
pots cullure, nitrate. 
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3-3-2 Effect of Converting Chaparral to Grassland 
on 
Soil Fertility in a Mediterranean-type Climate
 

M. 	 B. Jones, It. L. Koenigs, C. E. Vaughn, and A. I. Murphy 
University of California, U.S.A. 

In the region of Mediterranoan-type climate in California, brush
 
is converted to grassland 
 to reduce fire hazards, increase feed for
herbivores, and increase water yields. 
There is little information on
how this change of 
cover type affects soil fertility over a long-term

period. Research was initiated to measure 
the long-term effect of con
verting brush to grass on 
the availability of nutrients in the soil.
 

In 1956 chaparral growing on Los Gatos -oil 
(fine-loamy, mixed

mesic family of typic argixerolls) was crushed, burned, seeded to grasses

and clovers, 	 and half the area was fenced to exclude herbivores. Sprout
ing brush was either treated periodically by burning, or with herbic ides 
or was not treated at all. Twenty-three years after the initial burn,

about three percent of the cover on reburnod plots was brush, virtually
none was brush where herbicides were used, and nearly 100% was brush

where nothing was done to 
 control regrowth. Herbaceous plants were
abundant where brush sprout, had been controlled. Soil samples were

taken from t,.e six treatments for chemical analysi.. and 
 a pot experi

nr Soft (SC0muI mYCU, L.) was grown inat. chess pots fertilized with
:ill ccibinations of N, P, and S. The plants were analyzed for N, P,
 
K, S , Ca, and Mg
 

In the pot study uptake of 
U, P, K, S, Ca, and Mg was greater
from soils where brush regrowth was controlled than from soils where

brush had regrown. These differences were much greater for soils under

grazing. Extractable nutrients 
 in the soils from the grazed area were

also higher from qrassland plots 
 than from brush plots.


The grazed grasslands had 811% ground cover by 
 living plants, of
which 14i. was annual legumes, 25% annual grasses, 30% E. odun spp.,
and 11% perennial grasses. The ungrazed plots had 25. ground cover, and
only 3% legumes, 7. annual grasses, 1% Euoditun spp., and 9% perennial 
grasses. 

Nutrient availability was greater after a 23-year period in a brushsoil converted to grassland than where brush regrew, and this difference 
in soil fertility was enhanced by grazing. The difference in soil
fertility on the g. azed grassland plots may be due to: 1) the shallower, 
more fibrous root systems of grassland species (as compared to brush)
resultinq in a retention of mineral nutrients in th' s.irface soil; 2)
increased rate of cycling, and thus nutrient availability, due to the 
grazing animals; 3) the contribution of annual legumes to soil H; and
4) a redction in surface soil erosion, there being much bare soil and 
an erosion pavement under the brush. 

Key words: annual grasslands, extractable soil inorganic-N, 11, 
K, S, Ca, and Mg. 
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MPK Fert ilizrat ion on mineralEffect of 
Composition of Plon pratensis L. Grown on 

a ShaI-low Mock Sol 1 

3-3-3 

J. 	 W. Lightner C. I. lihyk ,rd, G. C. VancoyoC, 
and B. 0. BlairD. B, Mengel, C'. Il.Noll or, 

t'Lirduk- Uniworsity, 11. .A. 

soil which is suitable for 
mare than a million 	hctares of muck 

in thein the northern portion of the coneltagriculture exists 

USA. Corn (Zeagjy L.) and soybeans (Glycine max (L.) Merrill)
 

are the major grain crops gro%..,n on these soils.
 
crops,

Because of the problems associated with producing grain 

early frosts and excessive weed competition,
e.g., wet conditions, 

pasture. Since very
many farmers are using t]iese muck soils for 

relative to the fertility require
little information is available 

study was initiated 
ments of these pastures, the following tso-year 

1979 on Edwards muck 	 soil (Limnic Mdisaprist) on
in the spring of 

at Wanatah in northwestern
the Pinney-lurdute Agricultural Center 

Indiana. Eight conbinations of N-P-K fertiliz:er were applied with 
bluegrass (Poa pratensis

three replications to a Ix rmanent Kentucky 
nmtter yield, percent crude protein, and mineral

L.) pasture. D)m! 
cuttings taken through

composition were deterined for (ach of four 

ut the 1979 2 and 1980 growing s;ea:;ons. The harvested forc wcs
 

from a 1.5 m cage randouily located in each replication.
 

of N fertilizer had a pronounced effect on dry
Application 
matter yield and c de protein eroduction over tho t.)o-year period 

while P and K had 1itthlo if any, effect on dry matter yield or 

crude ptotein rrodiction. The application of 168 kg/ha of N in

(,i, Kentucky bluegrass from 6.3 to 8.2 mt/ha
creased dry 7att,r yid 

G.4 mt/ha 1980. Crude ;)rotein production
in 1979 and fro;v. to 7.8 in 


was increased from iii)3 to 1983 kg/ha in 1979 and from 1206 to 1974
 

kg/ha in 1980.
 
Nitrogen significantly increased N concentration in plants, 

growing season. A slight
especially durinq the earlier 	part of the 

1,sulted from the application 	of P
increase in P concentration 

P were present in controllevels offertilizer although adequate 
levels in the plants increased with applicationforages. PoLis;itne 


were adequate in plant tissue

of K fertilizer. iowever, K levels 


from otheunfertilized t_,ratent.
 
the application of P with N

Altlrh)ugh P appeared 	 W- be adequate, 

the concentration of N over 
 that of N fer

significantly increased 

tilizer alone. The addition of 11 fertilizer resulted in a srill,
 

but highly signi ficant, increase ia K concentration. Nitroger 
 fer
and Mg in Kentucky

tilizatan also increased thme concentration of Ca 

bluegrass forage while c)nc ertratio-ns of Cza and Mg were signil 'cant

ly reduced by the application of K fertilizer. 

Kentucky bluegrass,
Key .,,rds: :PK fertilization, Poa pratensis L., 

soil,mineral concentration of :,J, [P, K, Ca, Mg, muck 

penranent pasture. 
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3-3-4 Some Effects of Applied Nitrogen on
 
Grass Growth in Field Sward,; at )ifferent Tines of Year
 

D. Wilriian and 1'. T. Wright 
University College of Wales, United Kingdom 

Results from 21 field experiments are brought together to study 
the effects of level of applied nitrogen (N) on (a) the regrowth of 
grass over 8 weeks following a cut and (b) the situation after about 
6 weeks' regrowth, at different times of year. 

(a) Percent 	N and nitrate-N in herbage generally increased in 
the early stages of regrowth and then declined. The better the 
growing conditions, the faster was the rate of decline. The positive 
effect of applied N on relative growth rate tended to he greatest and 
roost short-lived when growing conditi(.,: s were most favourable. 

(b) Response to applied N increased as growing conditions 
improved in the spring in respect of yields, numbers of tillers and 
leaf size and 	declined its growing conditions deteriorated in the 
autumn except in respect of numher of tillers. Area per green 
leaf blade tended to be greatest in September ard response to N was 
l,ar-t, t tliis tile. kRe.Sp0hse to the final increment of N was very 
low in tie autumn after September in respect of area per blade and 
yield otf blade. 

The study contributes to a better understanding of the effects 
of applied N on grass growth at different times of year and hence 
to more efficient management. 

Key words: 	 nitrogen application, time of year, dry-matter yield, 
nitrogen yield, nitrate-N, tillers, leaves, 'stem'. 
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Lucerne in Relation to 

Soil Acidity Factors 
3-4-1 Effect of Lime on 

G. P. Mahoney, II. R. Jones, and J. %. Hunter 

Department -f Agriculture, Victoria, Australia 

Most soils in north-eastern Victoria are acid and problems
 

commonly occur with lucerne (Medicago sativa) establishment and 

production. Aluminium and manganese have been recognised as major 

components of bs l acidity. Liming to reduce exchangeable aluminium 
(AL) has been sugqest((d as a raLional approach to determining the 

lime 	 requirements of lucerne growing in acid soils. 

This study, was undertaken to clarify ti. relationship between 

soil acidity factors and lucerne growth and to provide a basis for 

liming recommendations in north-eastern Victoria. The aim was to 

(k _rmine the effect of a range of rates of lime on (i) establishment, 

production and nutrient status of lucerne c.v. Hunter River and (ii) 

to rclate these parameters to changes in pl, AL and available 

manganese (MN) in the top (0-15cm) and sub-soils. 

Three field experiments were established on the acid granitic 

soils of the Strathbogie Ranges, where average rainfall is 
approximately 900.m.r, with the major incidence in winter-spring. Each 

experiment was a replicated split plot design with three main plots 

of ground aqricultura] li-5estone (Fm0' CaCn3), drilled with the seed 

and six sub-plots of broadcast. agricultural limestone applied and 

i corporated two months prior to sowing. 
Average anual lucerne production over three years ranged 1 from 

1.1 to '.5t ha on the unlinixd plots and from 5.1 to 9.8t ha on 

the plots limed at tle heavief;t rate. 
In the top soil Al, was vi' tually eliminated. by the highest rate 

of lime application, but was largely unaffected in the sub-soils. 

At the site where AL in the s;ub-soil was higher than 1.0 meq./]00g, 

lucerne production was consilerably lower than at the other sites. 

Levels of MN were reduced in the top soil by lime; however, 

lucerne seedlinuis at all sites showea symptoms of severe manganese 

t xicity. The ;everity of the symptoms decreased witli increasing 

rates of application of lime. Tn any treatmenti levels of manganese 

in mature lucerne varied I %'oughout the year, but were reduced by 

1ime additions. 
In this snries of experiment.s, the determination of AL alone 

in the top soil was not sufficient to determine the limeN requirements 

of lieorn1. In the, soil!s manqanese toxi ci.ty occurred in seedling 

and mature lucerne when At, in the to) soil had beenl eliminated. 

Rmeduct ions in lucerne vie Id al;n occurred as a renslt of hi gh levels 

oF A7, in the sub-soil which wom not affected by surface applications 

of lime. 
,lucerne yield wanl high],. correilated with At. in the top and sub-

soil and MN in the top ccni 1. I)II in the top and sub-soil was rejected 

as a siunificant contributor to .jold in tie stepwise regression 

model used tr analys;e thi: ,rata. 

Key words: lucerno. '!edicaqo sativa c.v. Hunter River, soil acidity, 

exchangeanIle alumi-ium, available manganese, p1. 
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3-4-2 Liming for Tropical Legume
 
Es tabl ishment and Production
 

C. 	 I1. Snyder and A. E. Kr , schmer, Jr. 
UlnivOrsity of Florida, IT.S.A. 

Liming has been declared unnecessary for tropical legume production because 1) tropical legumes are efficient in extracting Ca from
 
soils and are tolerant of excess Al, 
Fe and Mn, and 2) they are

readily nodulated by alkali producing Rhizobium which can function
 
in acid soils. Numerous research reports from Australia, Uganda,

Brazil and Colombia lend credence 
to this thinking, since no lime
 
response; were observed in these studies. 
 In other work, liming actu
ally 	depressed tropical legume growth. 
 Powever, positive responses

have been reported in Australia, Hawaii and Brazil. In Florida, we

have 	 observed considerable improvement in the production of Siratro
(iacroptilium atropurpureum Urb.), Desmodium heterocarpon DC.,
Stylosanthes guianensis Swartz, Centrosema pubescens Benth. and

Aeschynomeno americana L. with increasing lime rates up to 2000-3000 
kg/ha in pot studies, research plot studies, and/or in commercial
 
pastures.
 

Perhaps trrpical legume production could be increased in other

regions through a combination of liming, correcting nutrient defi
ciencies, and innoculating with Rhizobium adapted to moderate soil
 
pH. At least there now is sufficient evidence to suggest that lime
 
responses should be evaluated when tropical legumes are being intro
duced into new areas. 

Key words: liming, lime,tropical legumes, soil pH.
 

125
 



The Effect of Nitrogen Level and Defoliation
3-4-3 

Interval on the Productivity and Protein
 

Content of Five Introduced Grasses
 

Suwoko, and Sudarmadi
G. Susetyo, I. Kismono, S.I. 

(11P), Raya, Pajajaran, Bogor, Indonesia 

Bogor Agricultural University 

was conducted at Bogor Agricultural University
An experiment 

1977 to study the influence of N fertili
form August 1976 to December 

on the yield and protein content 	 of 
zer level and cutting interval 

tropical grasses.
 
soil with medium fer-

The experiment was conducted on a latosol 
4230 mm annual rainfall laid out 

tility, 260 	 in above sea level with 
werewith three 	 replicates. There 5 

in a split-split plot design 
3 cutting intervals.
 

forage species, 5 nitrogen fertilizer levels, and 
treated
 

Forage species, fertilizer levels, and cutting intervals were 


variables, respectively. The 
as main plot, sub-plot and sub-sub plot 

Brachiaria ruziziensis 
forage species were rachiaria decumbens Stapf., 


Pennisetum purpureum

Germain et Elvrard, Digitaria decumbens Stent., 

Except
Schum. and Setaria sphacelata (Scihumaclh.) Stapf and Hubbard. 

the grass species were relatively new introduc-
Pennisetum purpureum 


tionr.
 
Iolie nitrogen levels were 0, 100, 200, 300 and 400 kg/ha, 

was used as the nitrogen source. Phosphate and potas
annually. Urea 

of 150 kg P20 5 /ha and 
sium were added to the whole plots at the rate 

30, 40 and 60 
150 kg K 2 0/ia, annually. The cutting intervals were 

was divided according to cutting intervals,
days. The urea application 

was 15 cm above ground
and applied after each cutting. Cutting height 


level. Lime was applied to attain a soil pH of 6.5.
 

1. 	 The gIrass species significantly (1.0.01) influenced the dry 

The ranking was as follows: Pennisetum purpureum
matter yield. 

10.00 tons; lIracihiaria decumbens 
12.40 tons; 	Digitaria decumbens 8.20 tons; and Brachiaria ruzizlensis
10.03 tons; Setaria sphacelata 

7.09 tons/laannualT. 
yield. The appli

2. 	 Nitrogen application improved the dry matter 

in the highest dry matter yield
cation of 300 kg N/ha/year resulted 


lowest.
while no added nitrogen resulted 	 in the 
the dry mat

3. 	 Cutting interval significantly (P<0.01) influenced 
came from the 

yield. The highest and the lowest dry matter yield 


day cutting interval, respectively.
 
ter 
40 day and 60 

4. The influence of grass species on the crude protein yield was
 

not significant.
 
the crude protein yield. The 

5. 	 Fertili7er application rffected 
crude protein yield

level of 300 kg N/ha/year resulted in the highest 

no f,:.. ilizer application produced the lowest 
(86.68 kg/ha/year), and 


crude protein yield (45.56 k,/l.a/year).
 
influenced the crude 

the cutting interval the lower the crude
0. Cutting intervals significantly (1<0.01) 

protein yield. Th longer 


protein yield.
 
kg per ha annually.was7. The best 	N fertilizer level 300 

8. 	 The best cutting interval was 30 days. 

among the three treatments, i.e. 
9. 	 There were no interactions 


cutting interval.
 grass species, nitrogen levels, and 


Key words: Brachiaria decumbens Brachiaria ruziziensis, Digitaria
 
purpureum, Setaria sphacelata,
decumbens, Pennisetum 

nitrogen, cutting interval, yield.
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3-4-4 Performance of Several Grass Species
 
Under Phosphorus Stress Condlitions
 

Shoitsu 	 OgataL, Klen .i ouno , and Tadao Ando 
Hi roshima Univers i ty, Japan 

It might he Said that phosphorus Cond ition of grassland soils
 
in Japan has not been 
 'iiouglh to support the better establishment 
and/or growth of forages, b,,cause grassland soils are mostly derived 
from volcanic or alluvial matorials, which are connonly very poor in 
phosphorus. 

Therefore, it ShoulId be very important to study how to manage 
grasses for their establishment and growth ol soils having a Ihigh
phosphorus fixation capacity and/or low phosphorus availability.

'l(- selection of grasses to be introducedl onto Such Soils should 
be very important for supporting the r oet ter establishment and 
growth uinder phosphorus stretss cond itions. 

"xper iments had been carried (.ut to ,tudy the phosphorus uptake
abilities of several forages (Digitn I ia .idscendens, Chlori s guyana,
P allin notatumM, So: glimui.hicolor x S. sudanese, Zea mays , lolimii 
multitiforu, -rifolim topelpns , Ned icaglo-sat iva , and othiers ), the 
utilizItion 'fflcit cit's of piosphorus for their growth under phos
phoros stress condit .as, tht competition of their growth in relat
ing with their phosphorus uptake from the I ini ted no i I phosplorus,
and the 	 I;imltic; i1f p li m'tus uptake from cultural solution by 
their exci.se'd rots.
 

Re:sults obt ained wrt, as follows:
 
1) Relativ.' g.rowth rats': ( gro.tl"- .. '.'i d low phosphorus


supply/growth rat., wi th opt mum pho;phorus supply) w,,re closely
correlated with th, ir phisph, rus uptake rates. Relative growth 
rate wis hi;gher in th,, following order: l)igitalia :. Pa:palum > 
Chl ri;i 	 . -rghum x. !i;. . Z a m; y;. 

) n''lthu. fora',"s we', sown on a soil whose, lhosphorus avail
ability w: i; limited, their differences in phosphorus uptake rates 
,eti-rmined tlii r g (rowthc..iTIIt it iou. As ;In eixamplo, growth compe-
tition among S.,,rgum , Zei, aol Di,,italii had ,.,pend.d oil their phos
plorus uptake capaciti s under phii.iiorus Stress anf their competition
was more severely ampl i fied with low soil1 moisture s tatus. That is, 
under the plishIliorus str'ss and th low soil meois ture,, DPgi tilia, 
which had a highr phosphorus uptake ponteitial, more sevrely sup
pressed 	 the growth of othr for'agsO; having" lens piosphorus uptakt
potential 

3) The results of kiii'tic ailt vsis on phosphorus up -take by 
th ieX.cised ro(,ts ga'. r,-Iiabl- informit;o. on th,'ir phosphorus 
uptaki, potentiil and growth cmipttitimi under the ihosphorus stress 
conl i t i iii. 

From the kinetic o Ixsis;, th.' phoisphoru; uptake pntential 
of eoxci ;ed rot s 10 high.r :is ranked as follows: Di, i t ia . 
PasyaIlur!12Sr:h-u:. h,olitm : S.. > Trifol ium :. Zoo "o.i ic;w . 

Key words: phospho--s stre'ss, lh,plirus uptake, I)gigitalia 
:ildsck.ndcms:, ;uspalum notatum, Chlirit gu.'ana, 
Sorghum 	 bicolor S.;. stm CS0le l.iilium multifLorum, 
Zea mays. 
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Effect of Liming Pasture on Milk production 

and Animal Hlealth and on Growth and Composition of Pastures 
3-4-5 

G. F. J. Savage and W. .1. losking 

Department of Agriculture, Victoria, Australia 

a split dairy farm, wasAn unreplicated experiment, involving 

conducted over a three-year period at Lardner, Victoria, to assess 

lime on milk production and
the effect of topdressing pastures with 

animal health, as well as on the dry-matter yield, botanical 

and mineral contiat of the pastures.composition 
Each paddock on the 92-hectare property was divided into two 

posible two identical 40-hectare farmlets, oneto give as near as 

of which was topdressed with a single application of lime (90% 

start of the experiment.calcium carbonate, 3.8 tonne/hectare) at the 

The other farmle t was left Untreated. The 11-cow herd was also 

divided into two identical herds, on the combined basis of milk 

heid was allocatedproduction, treed, age, and calving date. one 

other to the unil imed farmlet , and the 
to the I imed farmlet, the 

two herds were miied separately so that milk production from each 

farmlL t couldi be re.corded. 
were fanned 	 by the same operators, and other-

The two farmloets 
paiiture

wise treated identically in terms of fertilizer treatment, 
were fed to stock. AllAliIost no concentrates 

on the two 
an1li herd imanagement. 
pastures; (mainly perennial ryegrass and white clover) 


maintenance topdressing of

farmlets received an ad.-qua te annual 

as an initial applicationsuperphosphate and potash (muriate) as well 

of molybdenum. 
were kept over a four-year period (including a one year

Records 
before lime was a1pplied) of daily whole milk

settling-in p1.riod 


and butterfat y ielI, monthly liveweight of individual 
 cows, animal 

composition, 

herbage minral content, changes in soil pil, available potassium (K) 
hiealtth problemni, pasture dry matter yield ant botanical 

ani available phosphorus (P).
 
during the pre-lime lactation.
'[he two herds produced similarly 

r n period following lime ap-
During tue tliree-year 


effect on whole 
 milk or butterfat
plication, li,' had no measurable 

I li prob lems (inc Iud ing
produc t ion, the inc i(It'ce Of an imal hIea 

institis, mineral deficiencies, btoat, metabolic ani other diseases), 

matter vield anl botanical composition.pasture, dry 

the c Ic ium content of tile herbage, but had no


Lime increased 

on or magnesium levels.
significant effect pu.tassium 


We concludehd that in the particular area u.'Ir qtidy, there
 

to be obtained by topdressing existing

was no economic benefit 

soil type where pHt ranged from 5.3 to 5.6.
with lin ' On thispastureb 

Key words: 	 lime, milk production, animal health, pasture production, 

botanical composition, mineral content. 
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3-5-1 Predicting Yield Response to Nitrogen 
Fertilization on Northern Great Plains Rangelands 

J. Ross igh and E. Iruce Godfrey
 
USDA-SI:A-AR and Utah St;tate Univers ity, U.S.A.
 

Nitrogen (N) deficiencies limit plant growth on most rangelands
of the northern Great 'atns. Yet, adespite demonstrated potential 
to significantly increase forage production, range fertilization is 
not a common practice. Range forage is a low per unit area income 
product, and the vagaries of climate, plus fluctuating fertilizer 
costs and livestock values, make range fertilization a risky invest
ment of capital. Our objectives were to develop yield )redicting
 
equations based on climatic, site, and N-rate variables 
that would
 
enhance range fertilization decisiLns and reduce financial risks.
 

A data base was developed from range fertilization research
 
results in the northern Great Plains. It represented five distinct 
range sites. Stepwise regression analyses were 
used to develop

yield-predicting equations for both fertilized and nonfertilized
 

2rangc. (r 2 
= 0.83; 194 r = n 51,n = and 0.88; = respectively).

Independent variables included combinations of monthly precipitation 
and average site yield for nonfertilized range. For fertilized 
range, additional variables representing N-rate, an N-sink effect, 
and N-rate by precipitation interactions 
were included. Average

site yield provided an effective means of accounting for the wide 
range of inherent productivity among range sites. 

The results of this research indicated that, in the northern 
Great Plains, yield response of native 
range to N fertilization can
 
be reliably predicted using readily obtainable climatic and site
 
data. These predictive canequations enhance fertilization recom
mendations and financiallessen risks, especially as they are used 
in simulation models to evaluate fertilization practices on indi
vidual ranches, taking into account the total ranch operation. 

Key words: range fertilization, yield prediction, rangeland,
 
nitrogen
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of Urea and 	 Calcium Aunonium Nitrate 
3-5-2 Comparisons 

on Grassland in Ireland
 

William F. Murphy 

Agricultural Institute, Johnstown Castle Research Center, Ireland
 

urea as a sourceto 

of nitrogen for grassland. Urea was compared with calcium ammonium 
The objective of these studies was evaluate 

series ofof fie'ld trials. There were threenitrate in a number 
trials, namely (a) the production of grass early in springtime where 

0, 30, 60 and 90 kg/ia in late January or
nitrogen was applied at 

production of grass
early February in the years 1978 and 1979; (b) the 

(May) where 	 the nitrogen was applied
for silage early in the season 

late or April in the years 
at 0, 60, 90, 120 and 150 kg/ha in March early 

the production of grass for silage in 
1976-77-78 and 1979; and (c) 

summer (August) where the nitrogen was; applied at 0, 60, 90, 120, 

the years 1978 and 1979. The trials were 
150 kg/ia in June or July in 


throughout the country. All plots

conducted in different locations 

were measured in terms of dry 
were harvested by machine and yields 

m~atter. 
for the production of grass early in 

The application of nitrogen 

years. There no
was difference 

springtime increased the yield in both 
in the form 	 of urea and 

in yield between the plots receivi.ng nitrogen 

artmronium nitrate.
 

those receiving nitrogen in the form of calcim 

the sources of nitrogen for the 
There was r1o difference between two 


season for three years.

production of grass for silage early in the 

there was an increase
1979, at the 90 kg of ini-rogen levelIn one year, 

in dry matter yield when nitrogen was applied as calcium 
of Ii percent 

silage in sunmerFor the production of grass for
ammonium nitrate. 

lower from the urea source of nitrogen at most levels 
the yields were 


of application in both year,-.
 
urea may not be 

Reports in the literature have indicated that 

of nitrogen for grassland as calcium ammonium 
as efficient a source 

urea as a
conditions it can be concluded that 

nitrate wLs.nnitrate. Under Irish 

source of rritrogen is as efficient as calcium armronium 


applied for early grass production in springtime and for the pro

in May. On tihe other hand, for the pro
duction of grass for silage 

in srumner as source nitrogenofurea aduction of gras; for silage 


was less effictrnt than calcium 
armronium nitrate. 

ammonium nitrate, grass
Key words: 	 nitrogen level, urea, calcium 


yield.
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3-5-3 Two Years' Residual Effects from Very High 

Nitrogen Applications on Clay Soil Uhndr Crass 
in a lumid Temperate Climate 

W. I1. Prins
 

Institute for Soil F -til i ty, The Netherlands
 

In recent field trials on all-grass swards on clay soils
 

fertilizer rates of 480 kg per ha and over showed distinct residual
 

effects in the following year. This paper analyses the considerable
 

residual effects of one treatment on heavy clay soil over two experi
mental years, after very'high rates of N had been applied during three
 
pretreatment years (totalling 800 kg N or more per ha per year). The
 

residual effect was measured through the increase in yield over a
 
reference treatment, at one rate of N application (40 kg N per ha for
 

each cut, totalling 200 and 240 kg N per ha in the first and second
 

experimental year, respectively).
 
Over the three pretreatment years the amount of N applied exceeded
 

the amount of N harvested by 941 kg N per ha. The excess N was
 

reflected in accumulation of mineral N in the soil.
 
At the beginning of the first experimental year the soil contained
 

314 kg mineral N per ha a-j>inst the reference treatment 21 kg N. The
 

accumulated mineral N was nearly depleted by the end of the first
 

season. A residual effect was evident at every cut, and over the whole
 

growing season the increase inyield was 6 t DM and 199 kg N per ha.
 

In the second experimental year there was no difference in soil
 

mineral N status of the treatments. Still, a residual effect was
 
observed through an increase inyield of 1.1 t DM and 21 kg N per ha.
 

The study showed that on heavy clay soils - despite N losses from
 

the soil, especially through leaching in winter - part of the applied
 
N may remain in the soil-plant ecosystem and will be available for
 
grass growth in the following season(s).
 

Key words: 	g'assland, nitrogen fertilization, residual nitrogen, soil
 
mineral nitrogen, yield, nitrogen uptake.
 

131
 



3-5-4 Influence of Cover Crops Upon the Development 
of Undersowing Clover and Alfalfa
 

A. Klesnil, J. Strafelda, J. Velich
 
University of Agronomy, Prague, Czechoslovakia
 

In field experiments carried out in 1976-1979 on the brown 
soil in the beet-growing region the effectiveness of cover crops 
harvested in the milk ripeness (cereals) and gr(-on ripeness (hiorsebean) 
stage on the development of undersowing clovers was found. florsebean, 
then oats and least barley brought down the percentage of radiation 
the most during the whole period of growth. But in the first half 
of the 'egetation period the sequence of radiation intensity lowering 
by cover crops was opposite. The competition of cover crops and 
undersowed clovers for water became evident, especially in drier and 
warmer periods when so i moistore was increasing, in the sequence 
barley < oats -- horsebean < clover that were sown without cover crops. 

The complex influence of the cover crops on the underplanted
 
crops was found by means of mass determination of underground and
 
aboveground biomasses of clover crops , - 1 i 

2 
. The mass of under

sown clovers decreased under the increase of cover crop sowing and
 
with the extension of the overshadow period. The largest differences 
were found in the period of cover crop harvesting. Clovers that were 
sown into barley were kept down most and their mass was oriy 13-21%, 
oat!- 18-27., horsebean 49-68', as compared with plants wifthout the 
cover crop; (100'"). Red clover was mno- tolorant of tIe covr crop 
than alfalfa. After harvest of the cover crop the differences do
creased in favorable years andl increased in unfavorable ones. 

Clovers sown without the cover crop gave yields less by 50-60% 
in the years of foundation than in the second year of vegetation and 
therefore it is not possible explicitly to recommend the way of 
foundat ion. Clovers smiw into the grain-harvested cereals gave the 
lowe;t vields of folder and nutrients in the second year of their 
veetation. Higher yields and larger certainty of foundation of well
closed ;tands were found with decreasing of cover crop sowing on 
1-2 million germinal seeds per ha and with hay-harvesting in the per
iod of stooling till heading stages. Of the cereals, barley has 
highest tillering, and therefore, is least suitable as a cover crop. 
Better results were reached with the clover undersowing into oats 
and spring wheat that were harvested at the green ripeness stagc. 
Thi best cove crop was hor:;;tbean with normal seeding and harvesting 
at green ripeness stage. IHorsebean had good residual effect on the 
growth of clover also in the second year of vegetaion. 

Key words: clover crops, cover crops for forage, soil moisture
 
content, light availability, development of clover crops. 
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3-5-5 Influence of N Fertilizer on a Pangola
 
(Digitaria decumbeos) Sward
 

J. J. Paretas
 
Estacion Experimental de Pastos, Ministry of Agriculture, Cuba
 

The effects of N fertilization (0 to 800 kg/ha/year), frac
tijonated by cnt t in , on the IN yield, 
 mineral coimposition (N, P,

K, Ca, Mg and Na) in the plant and chemical changes in the soil (pll,

Ca, Mg, Na and K) were studied in a pangola grass sward. Treatments 
were distributed in a randomized block dIsign with four replications 
on a ferralitic soil with the following composition: p11, 3.6; OH, 3.0%;
P, 2.0 ppm and 10.0, 0.19), 0.36 and 2.76 meq/i()1 g soil for Ca, Na, K 
and 1g, respectively. The experilmntal area was fertilized with 50 kg

P and 100 kg K/ha/season and irrigated every 15 days with 50 
 sits of
 
water du'ing the lowest rainfall ani tempera ture season. iMyields
 
were adjus ted by the quadratic equations 
 y = 2.51 + 0.005X - 0.00005X2
 

(rainy season) and y = 2.3 + 0.03X - 0.01003X2 
(dry 
 season) where 

= y = D yields (t IM/hia) and X kg N applied. Considhering the seasonal 
effects on this species, the calculated N fertilizor inliut 100 andwas 
200 k; N/ha for the rainy atnd dry sea;lis, t epect'vely to obtain 
approximately 7.4 t ),/ha. IN and CP' were related to N in both sea
sons IN d,,creasim" ).02; and CP increasing 0.05% for each kg of N ap
p1 ied. N uti.lizat ion efficiency (recovered or converted to W)O de
creased ;h;:rply as N dosos increased. Ca, Mg, Na, K and P percentages 
were related to N -pplications. Ca, Xg, and Nai were 1 52, 0.12 and 
0.62% and increased as N apptied level was increased. On the other 
hand, P id K decreasod (0.2( and 2.06"', respectively) as N increased. 
All soil indices s ,ignificantly(1 .001) disiniished as N fertilization 
increased, and pI1 decreased from 0.21 to 1.8 units. There was a 50% 
decrease in Mg ;ind K and 20'). decrease in Ca., a Oata from plants and 
soils sugge;t that intensiv for-age x,' ,itation based on N fertiliza
tion can be limited by the high extraction rates of other elemenrs and 
possibly by P deficiencies in grazing anii,.-Is. Rosults suggest that 
300 kg, N/ha/year is the optimal level under Cuban conditions. 

Key words : nitrogeti fertilization, Digi taria decumbens, dry iatter 
yield, chemical composition. 
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3-6-1 Impact of Phosphorus and Potassium Fertilization
 
on aintaining Alfalfa Sward on Hlokkaido
 

o. C-"-'ra, K. Fukunaga, (late) W.G. Colby, M. Drake, 

C. Kemmler, II.R. Uexekuell, and M. Htasegawa 
Dairy Research Institute, Japan 

Several studies have been conducted on tie introduction of 

adaptable cultivars aoi lalfa under various envIronmental conditions 

in the I'okachi region located in the eastern part of Hiokkaido. This 

area is one of the most important dairy zones in Japan. Grassland 

occupies about one half (536,000 ha, 1979) of total. agricultural land. 

The acreage in 1979 of grassland In the 'Iokachi region is the largest 

and occupies 104,200 ha (forage legumes, 3,910 ia; forage grasses, 

2,840 ha; m[xtuie of leg;umes and grasses, 75,400 ha), representing 20% 

of the total grassland in llokkaido. 'Though considered as the most 

desirable forage le,ume, alfalfa acreage in this region has not 
increased substantial 1 y. 

Research studies were carried out under two environmental con

ditiols: ') an expeiiment at six dairy farms located on alluvial 

soil and diluvial soil of the Tokachi plains 100-200 m in elevation 

above sea level, (2) an experiment in the Tokachi highland at eleva

tion of 500-700 m. 

Dry matter yield varied in ,eineral with ttie harvest year, culti
yields were highestvar, management method, location, etc., however, 

in ttie alluvia sol area where accumulatedc teomperaidures ill total. C. 

degrees e:.:cedcd 2,400 and where soil fertility was hig . Lowest 

yields were associated with areas of lower te,",;arature, higher 

elevation, more sever e environimental conditloihs, foggy areas, and 

areas linited in sunshine duration. 

Applieation.s of N, I', K. Ca, an'l 11 a!; basic fertilizers, as 

well as a topdressing after the first harvest, were associated with 
in mixt"odu'ctivity of afalfa and hii icer percentages of alfalfa 

tures with grasses. Particularly, the topdressing of K was fairly 

effective il obtajicin, a higher yield. 

Proper fertilization resulted in a dry matter yield approaching 

13 mt/iha at Iocatiocis where favorable circunlstances were taken ad

vantage o by a number of dairy farmers. 

Among si: cultivars (.Narragai;ett, Vernal , l)uPit , Italy, 

(;rim:m, Rhizoma), the fir'st aInd the last made better growth than the 

otlhers at the test field.L' of elevations of 424 a, 565 l, and 717 m 

above sea level ; with accumulated rainfalls of 614 mm, 674 mm and 

708 mili: and accumulated temperatures of 2,362 C, 2,364 0 C, and 
2, 128"C. 

Key words: 	 a IlfaI ( ed ica1 ', sat iva , L. ) , Narracanse t L, Vernal, 
Dulucits, Grimm, Rhizoma, dry matter yield, environmental 

factors. 
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3-6-2 Suitability of Early Pleistocene Sandy Lowlands
 
for tile Cultivation of Alfalfa (Medicago sativa L.) 

E. Wojahn, C. Mundel, W. Kreil 
Institute of Forage Production, CDR 

Thie areas with sandy soils at tilepleistocene lowland of the
 
Cerman Democratic Republic are ameliorated on a large scale. In these
 
lowlands lLw bogs appear together with hydromorphic sandy soils. The 
latter are situated higher above the groundwater level. In conse
quence of the lowering of groundwater by amelioration being effective 
on a large scale, these sandy soils are no longer suitable for an 
intensive and high-yielding grass cultivation. Especially during the
 
summer months the comparatively shallow-rooted grasses cannot meet 
their requirement from the groundwater. Therefore, it was to inves
tigate whether and on what conditions higher and more reliable forage
yields can be obtained on such soils Ly cultivation of the deeper 
rooted alfalfa (Iledicago sativa L.). 

In addition to cultivation experiments, the water consumption 
and the removal of macronutrients were determined in groundwater
 
lysimeters. Several soil types were separated, which differ in sub
stratum, content of calcium carbonate, Ct, and Nt, in pilvalue, 
degree of base saturation, and in the amplitude of groundwater. The
 
groundwater level varies from 140 to 250 cm dependent on soil type
and weather conditions. lme relationships between these factors and 
the value of' alfalfa for cultivation are proved quantitatively. The 
experiments have demonstrate(] that new seedings performed in spring 
were not able to use the groundwater in 70 or 100 cm of depth until
 
the beginning or the end of June, respectively. As essential as a 
deeper groumdwater level can be for old stands, so important is the 
water capacity in the top- and subsoil with new seedings. Medium 
groundwater levels of about 100 cm appear especially favorable. In 
the vegetation period higher groundwater levels are tolerated well. 
At the same water supply and same weather conditions the alfalfa 
stands evaporate high water qnantities similar to those of the stands 
of cultivated grasses. At a groundwater level of 120 cm alfalfa took 
20 to 70 per cent of tile total water consumption from the groundwater 
according to weather conditien,. 5 to I mm per day were evaporated
from the groundwater at this level after an obviously vast utili
zation of the soilwater store in dry periods. In oractice reasonable 
yields were obtained s;till at groundwater levels of 150 to 220 cm. 
According to the type of sandy soils annual ,ields of 6.0 to 8.5 t of 
drymsatter per hectare were achieved on large areas. 

Key words: hydromorphic sandy soils, soil characteristics, qualifi
cation for alfalfa, water consumption of alfalfa.
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3-6-3 Influence of Nitrogen and Phosphorus Fertilizers
 
on Medicago sativa L. in High Acidity Soils
 

K. 1. Koev 
Institute for Upland Stock-breeding and Agriculture, Bulgaria 

An investigation was carried out over an eight-year period near 
Troyan, at an altitude of 400 is, to determine N and I' fertilizer 
influence on Medicago sativa L. in grey, high-acidity woodland soil. 
lhe aim was to establish N and P fertilizer influence on the growth,
 
development and yield of alfalfa ,;own for fodder in non-irrigated
 
foot-hill areas of Bularia.
 

In one experiment, N fertilizer was introduced in increasing 
amounts and with different P levels; in another, the annual N ferti
lizer amount was introduced fractionally; in a third, N and P ferri
lizers were introduced in combination with other fertilizers for the 
purpose of establishing their aggregate influence on alfalfa yield. 
The experiments were cairied out under the block method, with six 
replications of experimental plots of 25 sq. in. each. 

It was established that P fertilizer reduced alfalfa hardiness 
to unfavorable climatic conditions and to diseases, and increased 
the weed content in the stand itself and in the fodder obtained. 
P fertilizer enhanced alfalfa hardiness to low temperatures, to dry 
spells during vogetation, to diseases and to lodging. Applied by 
itself, P fertilizer increased tihe nimnber of stems per sq. Is. Plants 
reached their saximum height when combined N and P fertilizers were 
applied. 

Applied by itself, N fertilizer increased fodder yield, but 
only when introduced at higher rates. Vimen introduced fractionally, 
the annual fertilizer amont led to the same yield as in the control 
plot. As compared to N fertiliz(.r, Mo fertilizer introduced with a 
P1and K combination led to a Iigher fodder yiel. In combination with 
1) and K, N and Mo fertilizers Leremutually complementary, and the 
average yields for each year and for the period as a whole were much 
higher than in any variant involving: only one of these fertilizers. 
As compare,' tme control plot, I' fertilizer applied by itself 
failed tn increase the fodder yield. Combined with N fertilizer, 
1P fertilizer did not load to a highor yield than that obtained when 
N fortilizer was applied by it.;colf. Only when P fertilizer was 
applid in combination w ith N and K fertilizers was the fodder yield 
notably h ighmer, and the h ighest yield was obtained with an aggregate 
NIT'~o fertilizer intrr'd.i, tion. However the PKN fertilizer combina
tion proved to be 0coU mically the most effective. 

Key words: 	 nitrogen, phosphorus , potassium, molybdenum, alfalfa, 
hardiness, yield. 
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3-6-4 I'hytotoxic Response of Five Range Grass
 
Species to Six In Situ Fossil Fuel Retort Waters
 

Q. D. Skinner, J. C. Sexton, T. S. Moore, and D. S. Farrier 
University of Wyoming, U.S.A. 

Oil shale, tar sands and underground coal gasification represent
viable sources of fossil fuel to assist meeting U.S. energy needs. 
Development of fossil fuel processing technologies has progressed to 
a point where commercialization may soon become a reality. Concurrent 
with this development ltst be the assessment and solution of environ
rental problems. A particula,r and significant problem resides in the 
handling, contaiameut, treatment, disposal, use and eventual fate of
 
waters recovered with the oil, 
 g'aS and subsurface waters associated 
with synfue[ processhLu, teechnhlu S. The mag:nitude of plant responses
and potential phytotoxic effects resulting f:om exposure to these 
produced waters has not been evaluated, btut needs to be quantified
for purposes of risk assessment. To address this problem, research 
was conducted to: 1) develop or Lest quantitative short-term, cost
effective, diagnostic screening procedures for testing vegetation
aygainst synfuel prodced waters, 2) using such procedures to quanti
tate tl;e response of plants; to these waters and 3) provide information 
for dovelop ing controlled technology. Growth responses (leaf area, 
dry weight, 	 root/shoot ratio and leaf/shoot ratio) as well as germi
nation were parametor,; monitored to test produced waters against vege
tation under g reeniouse conditions using hydroponic techniques.
Grass species respond differently to an Individual wateu and in turn 
may react in changing orders of response to several waters originating
from retorting various fossil fuels. Growth response varies with 
dilution and may be more v~iluable as an in'cator of phytotoxicity 
than germiluatiou. Plant species response to various waters can be 
separated and ranke to .llow risk as. essment, facilitate selecting
the corrcct species for reclamation and will in the future be able to 
assess time success of water treatment procedures. 

Key words: 	 fossil fuel, water, germination, growth response, 
vegetat ion. 
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3-6-5 Response of hlybrid l'ennesetum and Panicum
 
maximum J. to Different Levels of Nitrogen and Irrigation
 

N. T. Singh and R. Singh
 
Punjab Agricult,:'al Ilniversity, India
 

llybrid pennese tum and Guinea grass (Panicum maximum J.) have 
been introduced in tie Punjab State to extend fodder supply to lean 
periods. The objective of this study was to determineothe nitrogen 
(N) and irrigation requiremats for sustained high level production 
of these grasses in Samana sandy loam (typic ustochrept) soil. N 
rates 0, 50, 75, and 100 kg/ha/cutting were combined with three 
water regimes in which irrigation was scheduled according to 
tW/PAN-E of 0.90, 0.55, and 0.40 for spring cutting and 1.0, 0.7, 
and 0.5 in suunier. 1.. refers to the depth of irrigation water ap
plied (7 cm) and PAN-E to the open pan evaporation during the 
irrigation interval. 

The forage yield in both grasses was strongly influenced by 
sun A;iine hours. Summer cutting produced 12.81 t/ha dry matter as 
against 7.8 t/ha in the spring cutting of same duration. Guinea 
grass yields were higher in both cuttings. Forage yields increased 
with increase in N rate, but the response decreased at the highest 
N rate. The average response to N at 100 kg/ha was 2.41 and 5.86 
t/ha in spring and summer cuttings, respectively. The effect of 
irrigation interval was more pronounced in sumner when an average 
yield difterence of about 3 t/ha was recorded between the shorter 
irrigation intervals (high 1W/PAN-I:) and longer irrigation intervals 
(iow IW/PAN--). Ulnlike spring, a significant interaction was ob
served between N rates and irrigation in the sunner cutting. Tie 
uptake of N did not liffer between the grasses but was significantly 
influenced by irrigation and N levels. Nitrogen content in tile 
summer cutting was 121.2 and 268.4 kg/ha in guinea grass and 133.5 
and 252.1 kg/ha in hybrid napier at N rates of 0 and 100 kg/ha. 

Key words: 	 hybrid pennesetum, guinea grass, Panicum maximum J.,
 
irrigation, forage yield, N uptake.
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3-7-1 lPrediction of tie Supply 
t) Gras; 

of Soil Nitrogen 

1).C. Whitte0;ild 

The Grassl and Research ln.titute, U.K. 

(N) to grass over a
;,il. nitrogenof the -;upplY cdPrediction ' 0? i trite-N plus aininonium-N 

co elit o 
season reqiresa anaIgrowing (ii)of the SeisOli and 

in the ;Cci.1 It the hogilloilng 
i 

s a(i) present organic Nmi nera hIe-. ,tIltial ly
to he rel,laced fromT1thelikely have heen proposed for

of ietlocda nuinhrthe sea;on. Wh) Ieduring the co:nponent arising
and in particular'oil N !;upiPl7,predicting for

i) e N, many ire too lengthy
ti rieril i

from tie pote.t iii I! of theiris a lack of evidence
with others ti,,reSoe, and therout inc in recent studies, 

e of ;oil , Howevera rieffectivelle.s a over i l ll - i cher (a) by
ullm N, extr,ictedp l; i:1TO 


meaTI 0.05M Ila(01)2, was
oi nitrite-NlIrellnt 
or (b) 1y shaking with 

or 21 FCIhoiill g with IM N in thethe yield of 
0 for 80'. of the variation in 

to accountfouny 21. soils under 
roa ) ,f;o'Oiin pot!; on 

herbage of perelnniil ot soil N supply in 
s. Pe predictioncondi tiouniform wAS ubttantially improved whenenvironrn e1ta 

over 18 ,;itei; in the t. K.,
the field, A factor, calculated 

;Coil anal/si!; wire -d 'v ted 1y
the reI;ultl; of dl soil water 

0, e11 of temperatur
each ite, 1,1e;I'd eI 1e1for 

,;tatto!;. 

perennial ryegrass 
Key words: nitrogen, i;oil, minralisation, 

uh L. , analysis.i[ l':e; ; i' 
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3-7-2 Soil Nutrient Constraints for Legume-based
Pastures in the flraziliian Cerrndos 

DIBRAPA, 
1,1.Couto and C. Sn:!onowi csCentro de Pesquisz Agropecufrii dos Cerrados 

1rraz i1
 

Soil nutrient deficiencies in two Cerrados soils have been
investigated as a prelimiiry to small plot research orientedestimute fertilizer torequirements for establishment and persistenceof legumes in grass-legume associations. 
The studies were conducted
in the greenhouse, in 2 kg pots, with surface soil samples taken
from two sites representative of the dcaninant soils in the region.
These are the Dark Red latosol (DRL) and the Red Yello-w Latosol(RYL) which qualify as HAPLUSIOX and ACRUSTOXkinds of experiments were carried out. 
respectively. Wuo
 

One consisted of a 1/4
replicate of a 28 factorial including Potassium (K),
magnesium (Mg), Calcium (Ca),Sulfur (S), Zinc (Zn), MolybdenunManganeso (Mn) and Boron (B) in which Cu and Mn were applied
together as a single factor. 
Levels of these nutrients were 0 


(Mo), Copper (Cu), 

or
 
of soil (pp2m) respectively. 

2, 2 and 1 parts per two millions parts
 

80, 200, 20, 30, 2, 0.27, 


(Ca All pots received monocalcium phosphate(H2 P0 4 ) 2 . 21120) at a rate of 100 P pp2m. A second experimentconsisted of four levels of P (50, 100, 200 and 400 pp2m) and
levels of Ca 
 four
(0, 40, 200 and 400 pp2m) as CaC0
application of all other nutrients and 
3 , with basal 

rates used in the previousexperiment. Test plants used were calopo (Calopogonium mucunoides
Desv.), a Centrosema (Benth) species CIAT5 ianensis Aubl.) 438, stylo(StylosanthesCIAT 2243 and -aTba grass (Andropogonbisqua latus gayanus var.(Hochst. Hack' CIAT 621.
Results showed aboth soils, whenGamba c2'2ar response to P upgra s or stylowas to 200 P pp2m inpp2m when used and upthe Cetrosema sp. to 400 por calope waos used. Responsehighest levels to the -weremcreevident

Ca jimproved planu-t responses 
in the RYL soil. In all speciesto low levels of P.were also increased excpt in the 

Maximum yields
case of stylo.In the second eperinit itdeficient was cbsz-rved that S wasin both 

responses 
soils fot all test plants, as measured] by plantto applied S. Potassium responses werebeth soils, also observed iniwhile a response was more1--q-su respos ommon in the RUL Soil.was observed only in the RYLgrass was used bs a soil when Goimbatest plant. Molybdenumwere observed and] Zn deficienciesin both soils with some of legum-es.The results dcmonstrate the importanceavi Zn deficiencies of 5, Ca, Mg, K, Moafter P deficiencyon these observations, has been ocrrected. Based

define field exprimutsthe reouired amounts of S an 
have been established toK and toenofinr under fieldconditions tiie rved for Ca'i Mg, MO arc] Zn. 

Key words: 
 soils, sulfur, micronutrints, lime, phosphorus,
 
leOguimes , And oon Fvnus Kunth1.
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3-7-3 Pasture Product ion and ChaIIges in Soil
 
Fertility in a Long-Term Irrigated Superphosphate
 

Trial at Wincimoi-., Now Zealand
 

I. I. Quin and 1).S. Rickard
 
New Zea laid Min i ;try of Arr icii IIur, and F i slieries
 

The Winchnore long-term superphosplate trial was commenced in 1952 
with the aim of investigatirg the superphosphate requirements of irrigated
ryegrass/white clover pastulre under grazing. Although these requirements 
wore established in the first few years, the trial as continued to
 
rovide data on (i) changes in soil nutrient status with time,

ii) residual effects of superphosphate, and (iii) nutrient cycling.
 

Mhe trial contains five treatments, viz () control (no super
phosphate); (2) 188 kj/i annually; (3) 
 376kg/i annually until 1957, 
none since; (4) 564 k/ha annually until 1957, none since; (5) 376 k&/ha

annually. Each treatment is grazed with a separate flock of dry ewes,
 
which rotate 	around the four replicates of each treatment. Soil (sampled

annually) and pasture samples (each cut) are retained for analysis.


Treatments 1, 2 and 5 have produced an annual average of 4.3, 10.0 
and 11.2 t/ha dry nmtter respectively. Production on the control is
 
being maintained by the weathering of native mineral P and by the input

of S in irrigation water and rainfall. Treatment 4 produced only 4,
 
more dry matter than treatment 5 before superphosphate application was 
stopped, in 1957, in order to study residual effects. Production on
 
treatments 3 and 4 has show.n a continuous decline since the cessation
 
of superphosplate application.
 

Topsoil organic carbon, nitrogen and sulphur reached plateaus on 
all treatments after 10-15 years. Organic phosphorus (P) showed a linear 
increase on all treatments until the trial ras limed (4 t/ia) in 1972,
which increased the pH1from 5.9 to 6.6. Following, the liming, accurm
lation of organic P ceased, rrior to tiing, total inorganic P had been 
declining on treatment I (control) and on the residual treatments (3 and 
4) and increasing on treatment 5. Following the liming, the previous
accunrilation of organic P was reflected as a positive changke in non
occluded P ( i -aluzinium and iron-bound p), but not in either Olsen P 
or in increased plant uptake. This apparent contradiction may have 
been due to the formation of aiurinium and iron phosphate coatings on 
the lime particles; these should become available to plants as the lime
 
dissolves.
 

The results of this lon-term trial have shown the importance of 
the continuing accumulation of soil organic P on mintenance super
phosphate requirements, and has I,,1 to further studies to determine 

i) ahet}er this accumulation is general in :lew ZeaLand's temperate
climate at pl; i*low 6.0, and (ii) to what extent this accumulation 
can be reduced, and soil P avilability increised, on different soils 
in .eow Zealand. The study will include an investigation on the forms 
of soil organic P and their relative susceptibility to mincralisation. 

Keywords: 	 superphophate requirements, irrigated pasture, 
soii fertility, pasture production, phosphorus cycling, 
organic phosphorus. 
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3-7-4 Effects of Phosphate ar. iu.sh on
 
lineralization of Meadow Soil
 

1. Campino 
Unviersit'it Giessen, West Germany 

Plants derive nutrients from resourcets of Llte ecosystem and from 

fertilizers. Application of fertilizers sttimulato not only the 

growth of plants but also the activity of other organisms including 

the itineralizers of the dead organic matter. The Soil of permanent 

grassland is characterized by a comparatiw'ely high content of 

nitrogen (N) most of which is fixed to the organic matter. 

The aitn of ti is experiment was to investigate tilt, extent of the 

N-mineral ization with different applications of convtercial fertil

izers on incubated soil saniples of the upper layer (0 - lflcm) of 

a typical fresh tmeadow of the vicinity of Giest;en/Ilessen, kslKt-

Germiiany. 'Te so il contained ahout 0)ltg p205 aI K /lOOg soil. 

The total N-contettt ill this layer was about 500ing N7100g soil and 

the amount of exchangeable amintonium reached 2mg N/100g soil. The 

treatments of the two factorial ti-iaIs were equivalent to 0, 200 and 

400kg 1'2 0)5/h1a as stiperphosplate, and 0, 200, 400, 800 and 1200kg 

K2O/ha as KCI 62"'. 'fite experiment was carried out ill an incubator 

at 220 C and 507, water-capacity, Ammonium and nitrate were deter-

Iinated by double distillation 14 tities during tite incubation period. 

of 8 weekS. 
With progressing incubation time the amount of total mineralized 

N increased. At the end of the inctibation period the amount of ni

tratu-N went tip signiticattly. Incr-a:ing amitoints of potash fertil

iZation increased the proportion of mineralized N at all 4 deter

nitiation dats. 'le appl ication of phosphate caused n i increase 

of the N-minoralization only after I week of incubation. At the 

other dates the effect of the phosphate applicatioti was not signifi

cant. The interaction between the two treatitt.nts was significant 

only after I and 2 weeks of incubation. The ratio ,f atnionium-N to 

nitrate-N was highher with increasing application of the fertilizers 

eithor alone or togetlir. Aftir 8 week-,; of incubation the cnt:ol 

without application of forti;;rs reached ;a cont-nt of mineralized 

1; of 29mg N/100I , soil. The ratio was about 1:1. Te maximal ap

pl ica t ion of phiospia to- ca;ed a rat i o of 5: 1 The maximal potash 

application caused ;tt amount of mineralized N of ./,2mg N/IO0, soil 

and the ratio wett up to 20:1. 

le resul ts s,,w the po;ss it) i I itv of increa- i ntth' N-tniin'ra Ido' 

iot ion w i th appI i cat i ons of po t,isih . 'Ii'o incrias,-d amittnt of min

'ralized N cannot be a ttribit.'d 1111,' to ihe hiihr conteont of plant

ava i lable potas; iun in tle S i I SailpI I';; I ill,' t, 1- lt It'I-i l tI : Iso 

to tih ,ffect of -al fat', ;ti ,hlori' ,. cmil tied it th applied 

fert i I izer. 

Key wordts: N-mineralization, phosphate, potash, incubation, soil. 
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4-1-1 Interactions Between Grasses and Rhizosphere
Nitropen-Fixin; Bacteria 

M. II. 	 Gaskins, D. II. lubbell and S. L. Albrecht 
University of Florida, U.S.A. 

Sorghum and Diqitaria cultivars grown in soil or nutrient
 
solutions were inoculated with a strain of Azospirillum in
 
short-term glasshouse experiments Carbon compounds lost by
 
roots in solution culture experiments wee determined, in
 
order to estimate the quantity of enery substrates that might

be obtained 	by rhizosphere organisms rrom growing plants. 
Other plants were treated with plant tqrow'h hormones, and 
responses were compared to those of plants wihich received the 
Azospirillum inoculum. Tie similarity of the responses 
suggests that growth hormone production by the inoculant organ
isn, rather 	than nitrogen fixation, is responsible for part 
or all of the increase in plant growth rate. 

The estimated quantity of reduced carbon compounds 
(lysate) lost by roots to the nutrient medium would support 
substantial nitrogen fixation activity if all were used for 
that purpose, but this clearly is not the case. The available 
evidence indicatrs instead that relatively little may be so used. 
This, Oe recognized low nitrogen fixation efficiency of 
free-living heterotrophs, and the demonstrated response of 
plants to bacterial growth honrones, suggest that benefits 
from inoculati3n, even though they may be highly important 
in some 	 circumstances, need not be involved with nitrogen 
fixation.
 

Key words: 	 plant growth hormones, nitrogen fixation, soil 
bacteria, root lysate, rhizosphere. 
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Fixation in
4-1-2 Microbial Associations and Nitrogen 


the Rthizosphere of Some Tropical Grasses 

C.T.I.Odu, (Mrs.) M.G. Solomon -Ind 1.Z. Chiheda 

University of Ibadan, Nigeria 

growth in humid tropical soils and 
Inadequate' nitlro n for crop 

were factors that 
the ever increasing costs of nritrogenous fertilizers 

means of increasing soil 
led to a prograimie of invest'igating cheaper 

through biological nitrogen
nitrogen and mair,tainin,; grass pasture; 


fixation symbiotically, or nou-symbioticaliy in the rhizosphere of
 

grasses . 
Under the non-symbiotic nitrogen fixation prograise, the rhizo

the relative abundance of different bacterial 
sphere population and 

in a range of pastures and 
spec ies in the rhizosphere were determined 

The abundance of microorganisms within 
wildly growing grass species. 

the rhizosphere and relative abundance of organisms capable of growth 

for selecting promising
in a nitro,en-free medium forned the basis 

cor more precise and detailed investi
grass/bacterial associations 

gat c.,: on nitrogen fixat ion in the rhizosphere involving the use of 
15 

z.cetylenu reduction aid the isotopically label led N technique. 

sicraorg,anisms within the rhizosphere to fix
The abiii of 

reduction and quanti
nitrogen was qualittiat ly assessed by 	acet y lene 

soil 
tat ively by tire isotope dilution technique using 15 N in sand and 

ci Itures.
 
1 5 , valueis were also comiparei by taking leaf samples of
 

Dolta 

a uidle range o? gras ses and corrlating 
 these with the bacterial 

pop',lation of the rhzosphere
 

Results of quantitative determiniations of nitrogen fixation
 

showed a variation il the rhizo;phere population in terms of total
 

one pasture grass,

numbers and the proport-ion of nitrogen 	 fixers but 


Cynodon nlomfuensis var.

IBX-7 (an intrrSpecific hybrid between 

var. aricds. ), was most outstanding in hav
nlemn;in i ; :': C. dLcty_-on 

found to have fixed nitrogen
a high Iicrob iaL population and was 


at the rate of 1 kg h la per week. This probably explains the 
very 

thi.s grass and its ability to remain green without 
high performisc ' of 

show stress of nitrogenapplication when stirrounding grassesnitrogen 

deficiency.
 

tropical grasses, nitrogen fixation, Cynodon nlemfuensis,
Key words: 


Cynodon dac y on.
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4-1-3 SelecLion 'If Rhi zobium Strains for Elnhalnced 
Dinitrogen Fixation in F.orage Ltoguilie ProducLi on 

C. liagedorn ind W. E. R i gh t 
Mississippi State University, U.S.A. 

A set of procedures oii the 9electioll of Rhizoblum strains forenhanced d i1i trogen fixation illforaoe 1ogmnes is resL'nted.While forage le guMes are among tihe Most efficient members of tiheLeguminosae regarding biological nitrogen fixation (lNF), these
legumes are generally neither productiveL nor porsitent 
 without
effective ndulltion by appropriate :hizobla. The following
methods involve a select ion and evaluation process to obtainappropriate Rhizobiui strains. These include 1) regional. surveyof the production area, 2) strain collection -Ind soil analysis, 3)strain characterization, 4) 
 traill s lcot ion , m antimanipulation,

5) I eld evaluation of strains.
 

Thu Initial procedurt, is a survev of region tile
tile where
It l I,tule is prodlled . This is lnecessary 
 to obtain soil and
plant samples, becomne familiar with 
 tii major soil./climatic zones

within the region, and to select potential field sites. Specific
S;ampl illg; Sitoo ClloSCIl Within oach
Z7one based oil tiie history of tilele ,uime host are i,;eti to col lect soil 
and 

and plant salples for analysis
nodU1le isolations. At least Len Rhizobium isolates should bereCovere'd FrOll tiChI Sito antd tit pilat i Lction assay shlolid beIlSed to dttermie the size t f the indigenous Rhizobiull polllations.

To charactorize the effectiveness of the Rhizobium isolatesOil thOSe host plant cultivars which are grown in the region is tile"o;t inportant criterion. Other Methods Which naV hell in selectingstrins1 for field trials might inc'uid growth In acidified media,salt tolet'rillt, antd survival Udtier iO istllre/tlnpel-attlir extremes.

In order to 
 illtisllrtl strain perforlmanee ill tle field it frequently

It)CoinOMs ll-CCl'S;lrV tO gollot il mlarkI Rhizobium stra in1sso thattilt Call 10 idte'ltiit'd when recovered 
from nodules. Antibiotic 
rus; isllt l ltid/olr 51ero 1tgy are the ttcli(Iques of 
tihi ice ll thotigh
thel't ari' r01CIIllS With both. Eventua liv field plots Will becomecross-contaminted with different strains ind then ident ificationol tach straill is tile 
o1'' wily that the evaluations ,anproceed.

Field tlots should be designed with at least four replicates

and111alppropriaLt 0 lllillOCtlllted controls. )ata shoutlld cons,ist of 
plant drv we-igIt!, nitroi'tmgcontnt, nodulatioi, score, and rootalnd leat! tlro)[I ro ;;uplngs everv 6 or 8 weeks. Nodule occt

ill Lc tosts siloild lOCtiil ti hol t,
S raiS whicho ver time areIotIIridto be ios;t 1)ro tItLiv, ill I F and Ilost p 1lnt res)onlse0 . TlIebest strains from the field LesLs should be considered for inclusionin inoculints or isted in some dist ribution system for wider testing
at the producer level. 

Key words: clover, Rimhizobiln, forage ltegules, nitrogen-fixation. 

145 



Cuittivars and Rhyzobium
4-1-4 Interaction Between Alfalfa 

Strains for Aceitylene Red,-tion 

Geok-Yong 1., 

Lowlands Agricultural Research Station, New Guinea 

interactions between
Two experiments were conducted to study tI e 

of Rhyzobium melilot" 
alfalfa cultivars (Medicago, sativa L.) and strains 

reduction rate, plant
for a number of cliaractors such as. acetylene 

plant dry weight. Experiment t involved 15 
height; root, shoot, and 

i nocuLated ,ith 10 single 	 Rlhyzobit'in strains.
alfalfa cuItivars, each 

Rlhyzobium
In experiment It, 25 host 	cultivars, 10 single strains of 

used. seedlings were grown
and one connuiurcial inocui[nt were Alfalfa 

undernutrient solution
in vermiculito and snppIieod wit nitrogen free 

greenhouse conditions. 
Thor (in both experiemtns); Alfa,

Tlie cultivars DuPiuits, Saranac, 
and Arc (in experiment I),

Agnus' (in experiimeit I); Algonquin 	 pro

with high plant dry weight and high acetylene
duced vigr,on.; seedlings 

most of the 	western Cana
rediuct inn raLt. Conversely, seedlings from 

dian cultwivars such as Roamer, lryliander, Rangelander and Anik (M. 

and low acetylene reduction rate. 
falcata L. ) had low plant dry w ight 

NRC NRC 61, A2 and 3DOa8 were among the best
Rhyzobium strains 118, 

under study. 
of variance 	 in both oxperiments showed that the 

The analysis 
of both alfialfa cultivars and liyjzot)i IIm strai1s,

general effects 
Spec i fi c of fects of the ir intorac tiens were highly s igni fi

and the 

cant For za1l ch;ractvrs . Furthor partition of these three sources of
 

experilnlitlt I, 
 more 
varialice into tleir coiilinelntis revealed thi inl 

for dry weight and 23total variation plant 

Vari ation for acttylone reduction were due tothan 30 percent of the 

perceilt of the total 
for 15 percent of the

Khiyzobiuin s tra i; accountedalfalfa ciiitivars. 	 30 lercent for shoot dry weght,total variation for root dry weiglt 


and acetylene reduction rl e.
 
and 26 perceiit for both platdry weight 


Mere than 36 potcent of the ttal variation for acetylene reduction
 

ilfalfa ciitivar x ithyzobium strain interaction.
 
was attributed to 'ic 

Rhyzobium strains 
In experimien II, the variance conpone uts showed that 

25 to 31 percent) we!e more important than alfatlfa cul
(rangd from 

for acetytene reduction,
for almost all characters 	 e cept 

( 8 percent) were obtained. Thetivars 
whert, equal amouiit of variation.s 


of cul ti%.lr X Strirn interactions again contributed

;peCrjftc Oti 

tot.al variation for all characters (ranged from 
a major port ioul oI the 

V,'a'ianCeS wereIn both loiit'l'Ltl th rror 

studied.
3'4 tL 57 pelroot). 

ssmall for lil!;l_ th. charac ers 
eio rets ; delsom;tralted tll 'xis;t(nceof a liargo( amount of 

for act- ytone reduction rate and other plant 

relattvlv 

non-idditiv, variation 
fixa

ch:rac irs. lh,.rfore., :n effoctiv, way for improving nitrogen 


to select for a favorable combination of specific

tiol in ;ilfal fl i!; 

maximum productivity.and alfalfa 	cultivar to achieveRlyzobiul m;traim 

Key words: 	 Medlica o saliva L. , Rhybzoiuiii m liloti , acetylone reduction, 

phlant growth, nitrogen fixation. 
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and Nitrogen Fixation
4-2-1 Plhotosynthlate Supply 

in Forage Legumes 

11. H. Murphy 
Insti tute, Johnstown Castle Research Center, Ireland 

The Agricultural 

is known to limit nitrogen (N2 ) fixation
 Photosynthate supply 

in grain legumes and the resulting shortfall in energy supply 
by the energy

for maximm crop production may be aggravated 
legur - N fixing

necessary 
(H 2 ) evolution by thewasteful process of hydrogen 

aspecs of the 
systema. There is less information available on these 

legumes such as white clover
nitrogen fixing process in forage 

(Trifoliom repens). The objectives of the present work were to 

H2 production ore influenced by
determine how N (C2 H ) fixation and 

in forage legumes.carbohydrate supply 
grown under controlled environmental conditions 

and
 
Plants were 


varied by adjusting either photoperiod or 
nodule energy supply was 

The effect of these treatconcentration. 


on N2 (C11 2 ) fixatior and H2 evolution by both

atmospheric carbon dioxide 

intact plants and
 
ments 


root segments was determined.nodulated 
diurnal variation in N 2 (C2 H2 ) fixation by intact

Light-induced 
20
 

S100 whitc clnver (at constant temperature 0) is related to the
 

plants (6 hour)
duratinn of the prior photoperiod. Short photoperiod 

in a 14 hour photoperiod showed a
show o diurnal effect. Plants 

and dark periods.fixation rate throughout the light
constant N 2 (C2H ) 

hour plantsrate oF these plants wa- double that of the 6 

was related to increased nodule mass. Fixation 
during the photopariod and this 

1
nodule/h- ) as similar for both 

, the L.,t. cycle. Activity of nodulated root seg-
Specific activity (N 2 (C2 H9 )/mg 

treatment during 
variation and responsetreatments shc -d diurnal 


to light was greater 

ments from both light 

for the long ph )period plants. 

Plants growing in the short photoperiod evolved H2more to 

H2 (C 2 11) fixed than did long 	photoperiod plants.
 
with carbon dioxide did not affect the


Acmospheric enrichment 
legurew species whcn measure-

N 2 (C 2112 ) fixation of a number of forage 
After 3

within days of commencoment of treatment.ments were made 

per plant was doublerl and this was associ

weeks enrichment activity 
12 ) fixation was 

ated with an increa-ed nodule mass. Specific H2 (C 2 

not affected. 
It is concluded that length of photoperiod and integrity of the 

of light induced diurnal
plant system arc important determinants 

in H2 (H 11) Fixation. Photosynthate supply limits nodulavariation 
se and short photoperiod plants'IC 2 11 ) fixationyr 

have reduced efficiencies of H2 (C2 ' 2 ) ixation in terms of "2 evolved
tion rather than 2 2 

fixed. 
H (C 2 it) fixation inrelative to H2 (C2 1I2 ) 

The resulLs show that constant rites of 
and dark periods by

forage legumes con be maintained Jurng the ligrt 

pInrt, and that photosyntha&: supply is 
carbohydrate reserves in the 

net limiting For nodule activity. Conditions which m,.plete these 

reserves decrease rates of dark fixation and .nergy loss though F12 

in carbon stressed plants.
evolution is not reduced even 

f'-ne legume, photosynthate 	supply,

Key words: nitrogen fixation, 

hydrogen pro1.ction. 
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4-2-2 Symbiotic Nitrogen Fixation of Alfalfa,
Birdsfoot Trefoil, and Red Clover 

G. II. leicliel, C. P. Vance, and 1). K. Barnes;
USf)A-SEA-AR 	 Plant si enct, Il sea rch Unit, U.S.A. 

Forage legumes such as alfalfa (Medicago sat1va L.), birdsfoot
 
trefoil (Lctus corniculatus L.) and red 
 clover (Trifolium repens L.)

grown in crop rotations can provide an 
 inexpensive 	 source of nitrogen
to succeeding crops. Few quantitative measuremerts of seasonal patterns
of nitrogen fixation in managed communities of perennial. forage legumes

have been undertaken, chiefly because of 
 the lack of 	satisfactory methods. 
Therefore, there is 
little knowledge of how nitrogen fixation varies with
 
crop development, yielding ability, and weather patterns. Quantitative
measurements of nitrogen fixation are important in choosing tho approp
riate legume 
 for use in a crop rotation, and for understanding he constraints to 	nitrogen fixation in normally managed crop communities. Our
objectives were to compare the nitrogen fixation patterns of alfalfa,

birdsfoot trefoil, 
 and red clover under field conditions in two succes
sive years, 	and 
to relate these seasonal changes in symbiotic activity

to dry matter yield, leaf area: 2nd precipitation. 

5
Nitrogan fixation was measured by the 
1 N isotope 	dilution tech
nique, in which the isotope compositiou of the nitrogen of the legume
was compared by mass spectrometry with that of a perennial grass used
 
as the non nitrogen fixing control.
 

In the seeding year the proportion of plant nitrogen derived from
symbiosis anged from 27 to 50% among specles at the first harvest, and
from 66 to 80% among species at 
the second harvest. Seasonal nitrogen
fixation "7as greater for alfalfa (15.9 g N/m 2 

) than for either red clover
(11.9 g N/m 2 

) or birdsfoot trefoil (10.6 g N/m 2 
). Nitrogen fixation

varied significantly ..mong harvests and among the species at iniividual
 
*larvests.
 

In the second N'car the proportion of plant
6	 nitrogen from symbiosis
ranged from 	 0 to 2Z at the first harvest and 32 to 60 at second har
vest. Alfalfa was the only species harvested a 	 third time, and it con
talecl 5% nitrogen from symbiosis. Seasonal nitrogen fixaticn for

alfalfa (17.1 g N/m 2 

) was again greater than that of red clover 
 (9.8 gN/m 2 
) or birdsfoot trefoil (7.6 g N/m2 

). Nitrogen fixation of alfalfa 
was more sensitive to heavy midsummer rainfall than was that of birds
foot trefoil or red clover.
 

On a seasonal basis, alfalfa, the highest 	yielding species, fixed more nitrogen per ]and area than birdsfoot trefoil, the lowest yielding
spe-ies. Within an individual harvest nitrogen fixation was not closely
associated with yield because the high yfelds 	 common early in the grow
ing season contained less nitrogen from symbiosis than did lower yields
obtained later in the season. 

The results 	clearly show Lnat nitrogen fixation capability varies 
significantly with species of forage legume. Nitrogen fixation alsovaries significantly with management and environmental factors that 
affer , :, development and total nitrogeen yield. 

Key words: 	 nitrogon fixation, isotop, di lotion technique, perennial
legUmes, Mediccago satLiva I. ILotus corniculatus L. 
Trifolium repens L. 
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4-2-3 Effect of Plant 
Genotype on Dinitrogen ((;2 112)
Fixation Efficiency in Trifolium 
incarnatun I.
 

G. 	R. Smith, I.L. Pterson. and W. E. Knight
Missitssippi State I'liversi ty, U.S.A. 

The 	 contribution of dinitrogen fixation by Trifolium-Rhizobium

symbiosis to grass;land agriculture i'; well documented. Our efforts
 
to improve dinitrogen fixation efficiency 
 in crimson clover (Trifolium
irncarnatum I,.) have been directed toward the ilant genotype components-f the sbhbiosis. Our objectives; in studies crimsonwith clover 
were to: 
 1) develop a non-de;tructive screening technique for
estimating the dinitrogen fixation efficiency; 2) determine

genetic variation in dinitogen fixation exists 

if
 
amonq breeding

lines or varieties; and 3) determine the inheritance of traits
 
a ;5ociated with dinitrogen tixation.
 

Al acetylene reduction 
assay was used to screen inbred linesfor 	variation in estimated dinitrogen fixation efficiency. In

order to evaluate the 
plant genotype, the rhizobium component was

held constant by inoculation with 
a single strain of Rhizobium
trifolii. A technique was developed that allowed live plants ' beassayed under the same light, temperature and moisture regimes used

for growth. The plants were and
grown assayed in plastic pouches

containing a nitrogen-free 
nutrient solution.
 

In two separate experiments, eitimates 
of dinitrogen fixation
 
were found to be ;i(Inificantly different among lines. Other plant
characteristics 
 were measured and found to be correlated with the
 assay values. The inbred 
 lines of crimson clover from these experiments
were crossed in the greenhouse in a diallel mating design. Inanother experiment, selections were made within a large population
of an open-pollinated variety for those characteristics that showed
the hi ghest correlation with an estimate of dinitrogen fixation.

minalselection was based on 
 an acetylene reduction assay and
 

selected plants were to
grown maturity and intercrosfsed.
 
Th(es!;e experiments indicate that the crimson 
 clover genotype

has a direct and measurable effect on dinitrogen fixation efficiency.
Assay of progeny from the diallel and from the selection experiment
-will pm> .'c a beteer understanding of the role of the plant genotype
in the process of symbiotic dinitrogen fixation in crimson clover. 

Key words: 
 crimson clover, Trifolium incarnatum L., dinitrogen
 
fixation, acetylene reduction.
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Effects of Grazing Management on Seasonal4-2-4 
Variation in Nitrogen Fixation 

Hoglund, and R. II. Fletcher 

Department of Scientific and In(lustrial Research, New Zealand 
J. L. Brock, J. H. 

Using the acetylene reduction assay, field
 

studies in recent years have investigated the variation
 
some of the
in N-fixation in grazed systems, and 


principles involved in the interaction with available
 

soil N have been described. This experiment extends
 

this work to include the effect of grazing management
 

on the factors influencing N-fixation.
 

Two self contained sheep grazed units, one a 10
 

paddock rotationally grazed system, and the other set
 

stocked, were established on a high fertility ryegrass/
 

white clover pasture, with a basic stocking rate of 22
 

sheep/ha. Over the 1975-78 period both units were
 

monitored for pasture growth, N-fixation and associated
 

herbage and soil parameters.
 
Annual N-fixation under set stocking was 10%
 

nigher than under rotational grazing. The difference
 

occurred during the dry summer-autumn period and
 

reflected a greater ability of the set stocked
 

pastures to respond to short term alleviation of
 

Legume growth rate was the principal
moisture stress. 

factor controlling N-fixation in both systems.
 

Available soil N appeared to be of greater significance
 

in controlling N-fixation under rotational grazing.
 

This was consistent with the generally lower herbage
 

N03-N levels found under set stocking. These
 

differences were attributed to differences in sward
 

structure and physiological stress between the two
 

grazing systems.
 

Key words: 	 N-fixation, available soil N, legume growth,
 
grazing management, hlerhage nitrate.
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4-2-5 Nitrogen Use Efficiency of legume-Grass

and Grass Pastures
 

C. P. West and W. F. Wedin 
Iowa State University, U.S.A. 

In the subhumid to humid, temperate regions of the world,

nitrogen (N) availability 
 is very often the factor most limiting to
 
pasture productivity, both in terms of dry matter yield and animal

performance. Because of increasing energy costs of producing N fer
tilizer, possibilities for improving the efficiency of pasture N use 
must be explored. This study was designed to clerracterize the N
 
status of two N-forage systems and to estimate the animal use
 
efficiency of pasture N at two grazing pressures.
 

The experi, 2ntal pastures consisted of an alfalfa-smooth bromegrass
orchardgrass (Iedic-aZo_ sativa L., Bromus inermis Levso.., Datylis
glomerata L.) (A-B-O) mixture receiving no-N f-ertilizer and reed
canarygrass (Phalaris irundinacea L.) 
 (RC) receiving 180 kg N/lia,

annually, each type of pasture grazed moderate and heavy
at grazing
 
pressures, in two replications. The pastures were located in south
ern Iowa, U.S.A. Data for the following were recorded: soil total
 
N and 
 organic carbon (C), herbage dry matter vield, percentage N of
 
herbage, ungrazed herbage, percentage N of ungrazed herbage, percen
tage legume by visual estimate and manual separarion, in situ fix-
N2
ation using 	 15N microplots, and animal weight gains. Beef steers 
with initial weights of ca. 250 k), grazed the pastures for approxi
mately six months in a put-and-take, rotational system in 1979 and 1980. 

Me;ns for the two years are summarized here. Average forage dry

matter yields 5852 7974 kg/ha for and
were and 	 the A-B-) RC pastures,
respectively. Harvestable N yields were 160 and 245 kg/ha, respec
tively. Valies for 15N dilution indicated that 90% of the lejgume
herbage N and 382 of A-B-O N was symbiotically der'ved, an input of 
65 kg/ha. The A-B-I sward consisted of 352 alfalfa. Ungrazed herb
age N, measured as an index of herbage N return to the soil, was 34
and 58 kg/h;a in the A-B1-U and RC pastures, and 149 and 43 kg/ha for 
moderate and heavy grazing pressures, respectively. Soil total N 
and organic C levels were consistently higl'er in the RC pastures and 
in pastures of heavy grazing pressure. Animal gain per ha, using
tester animal average daily gain, was 346 and /26 kg/ha for A-B-O 
and RC, respectively, and 386 kg/ha for both grazing pressures.

As indices of N use efficiency in the pa;ture, ratios of ierhage
dry matter, hirbage N and gain/ha unit ofbeef per N input (either
by N fixation or N fertilizer) in A-B-O were 2X those of 	 RC. There 
was greater N accumu lation in lerbage residue and the soil in RC. 
Thoughi herbage and beef production was lower in A-B-O, it supported 
z higher level of beef production per unit o. N input. 

Key words: 	 alfalfa, smooth bromegrass, orchardcgrass:, reed canary
grass, nitropen cycle, nitrogen fixation, cattle. 

151
 



4-3-1 Nitrogen Losses from Urine-Affected Areas
 

of a New Zealand Pasture Under 

Contrasting 	Seasonal Conditions
 

p. 	 Roger Ball and D. RI. Keeney 
Division, New Zealand, and University ofGrasslands 

Wisconsln - 1adison, U.S.A.
 

Grazing ruminants aggregate large quantities of forage nitrogen 
(N) into urine patches. Pasture plots treated with urine-N were 
studied to assess its fate under contrasting seasonal conditions: 
cool-moist (representing winter-spring); warm-moist (late spring
early summer), and warm-dry (late sumer-autumn). 

A permanent ryegrass (Lolium perenne L.)-white clover (Trifolium 
reoens L.) sward on free-drTinimij alluvial soil was studied. 
Treatnents werQ replicated in randcmised blocks. Urine-N was 
applied to 3-m plots at rates of 30 or 60 g N/m2 . Relevant 
measurements were then continued in soil and herbage until treatment 
differences di.sappeared. Apparent N balances for urinc treatments 
were compiled. 

Hydrolysis of urea-N was always essentially crmplete within 24 
hoa:s. Much of the urine-N was recoverable as NH4 -N during the 
first week. Thereafter, M14-N declined to control levels over 3 to 

10 weeks, the rate depending on enviromental conditiors. Nitrate-
N accumulated as nitrification proceeded, reaching peJk values some 
3 to 7 weeks after urine-N application. It subsequently disappeared 
from the profile under leaching conditions. 

On average, 5%, 16% and 66% of added urine-N volatilized as 
N113 -N, under cool-moist, wam-nist, and warm-dry conditions, 
respectively. Volatilization was rapid, with 75% of NH13 -N evolveu 
during the initial 3 days, irrespective of season. 

In all three experiments N fixation by white clover was greatly 
reduced in urine-affected swards. Urine-N increased herbage-N 
yield only when mist conditions favoured plant growth. Overall, 
apparent recovery of urine-N by pasture averaged 3'.6, and ranged from 

55% under ccol-nrist to 11% under warm-dry conditons. Soil total 
N was unaffected by treatnents. 

Some two-thirds of urine-N was lost frcm the soil-plant system 
during these studies. FDctrcnes in average loss were 45% (and 80%) 
under cool-moist (and warm-dry) conditions. Much added N was lost 
through an undefined ccmbination of leaching and denitrification. 
Volatilization of N1[ 3 -N was the major pathway only under warm-dry 
conditions.
 

Nutrient recycling in the excreta of grazing animals is 
generally considered beneficial to pasture production, and the major 
pathway for transfer of clover-fixed N "o grass associates. The 

authors dispute those views with respect to N. Wather, they 
contend that grazing nmTinants cause substantial N losses from 
developed pastoral ecosystems. 

Sheep or cattle grazing well managed grass-clover pastures in 
New Zealand 	 excrete several hundred kg Lurine-N/ha/year. The more 
intensively utilised of these systems may be in negative N balance, 
largely because of N escape from urine patches. 

Key words: 	 N cycle, N losses, urinary N, amonia volatilization, 
nitrate leaching. 
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from, a (;razedAmmoniaAnnual Losses of
4-3-2 with UreaFertilizedPasture 

J. Myers
L. A. Ilarper and R. K. 

V. it. Catchpoole, ,andU.S.D.A.Centre,ReseariConservationSouthern Piedmont CSIRO, Australia
and Pastures,Cropsof TropicalDivision 

shown losseshave of applied nitrogen 
studiesbalanceNitrogen 80%losses as hig, as

S.E. Queensland.
(N) from grazed pastures in 

376 kg N/ha/year over 
atbroadcastfrom urea-N 

have been observed Management tech
cv nandi pa;ture. 

on a Setaria jphacelata effi8 years thereby increasing the 

at reducing pathways
this loss and 

n iques aimed be devised until the 
cannot 

use N by pastures research to estimateciency of 
kno' 

of 
. 'he obhective of this was 

of loss are 


gaseous ammonia from a
 
the annual loss by convective transport of Station in S. E.

ResearchPastureat Samfordpastureurea-fertilized 

Queens and. pasture at 94 kg N/ha in Feb

onto a grazed
Urea was broadca'st 1979. Aimson ia 

and FebruaryNovember 
ruary, May, August and 1978 

by the motnentum balance 
were est iat ted

the pasture the aluimotnafluxes above andmeasurements 
which uses micrometeorological wereFluxestse thod, the pasture.abovethe airprofi les in

concentration onapplication,before ureaperiods on the day 14th andmeasur-.d for 24-hour 7th, l0th,
oil the 2nd, 4th, 

waterthe day of application, then 
including temperature, pH , 

soil data , 
50th days . Supporting 

were alsco obtained. 
and mineral N contents kg N/ha, equiva

to be 90.7estimatednet lo0';s was
'he annual the loss 

N. I.igh ty-two per cent of 
to 247. of the applied loss waslent The greatest

of application.weelk:with in two losses wereoccurred 
May fert il izer appi i cat ion, when in two weeks 

losses ranged
from the occasions
to 13%. on the other 
42/'frost of9 the applied N, while 

there a 'ailt of atmonia-N by tile pasture from
Days when was net 

pasture is'his detonstrates that the 
the atmosphere were common. aimsonia.atmos pheric 
both a source and a sink for 

N does not fully explain
of appliedloss of 24'

The estimated includingpathwayswork. Other loss 
in previousobservedlosses to be assessed.needand leaching now 

denitrification 

urea,
Setari sphaclat 

attuonia volatilization,
Key words: 
 loss.nitrogencattle, and 
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tionof C..erv
in the Developils',Progress5-1-1 	 by the USDA Soil Coonsrvation Service

plant Cultivars 

II. 	 Wayne Everett 
Service, U.S.A.

ConservationUSDA Soil 

centers 
network plant materialsof 22 

a coordinatedSCS operates 	 select, cooperativelyevaluate,to assemble, 	 andin the United States 	 of nativeincreasethe commercial
and provide for 	 of soil, water

release, 	 and improvement
the conservationplant; for 	 developedintroduced 	 procedures have been 

Standardized 
and related 	 resources. testing program.plantthii n comparative

being used for 	 data processingand are 	 from an automaticretrieveddata can he 	 cultivarsEvaluation 	 over 140 SCS-releasedreports.through standardized 	 in range,system 	 for usecommerciallyavalilableplant a are 	 movementcon servatioa sediment 
and other grassland are also used to 

of 	 reduceimprovement to 

pasture, These improved plants


balbitat.
and imnrove 	 wildl ife 

the reclamation of surface 
includingproblems

solve other 	 erosion dune and shorelineand sand 
roadside development, 	 plantingsmined land, 	 for use in grassland

of new cult i var
A numberstabili:'ation. now available.aire 

shrubs,grasses, legumes,
Key words: 	 Soil Conservation Service, 

forbs, cultivars.
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5-1-2 Survival of Different Species and 7ari.ties of Crass
 
Used in Mixtures and Congeneroi Sowing During
 

Succeeding Years After the First Sowing
 

Barbara Rtkowska, Barbari Staiko-Br~dkowa, I',:bhieta Lewicka, 
and Zofia lD:bka-Kalinowska 

Waraw Agricultural University, Poland 

The main objective of lhi; resi;earc'h was to o.;nuine the capacity 
of grass species used in Poland to ;urvive. Two ways of utilization, 
mowing (three t imes) and .rar i u (f'ive ,;.;taIgS) wel'o evaluated. 
Yearly fertilization rates were: N, 240; '-(h3 , 8(0; and K2)0, 100 kg/ha. 

l)ur ing f u y'ar; , the followin) ;; .e ,; of gras; wore evalu
ated : ia tv I;; lo __ram,ta .a,l l)ein 1prate._us Emma , Festllca pra

I.olinium Ar,,o I'o 
-

SK-6.tons is 0 la , Itio r,.nn and prst,'n.n;i.-; It Was 
asc'rtajned that lh,' vi'ld; of mixtures were hi hr oilrmwrdows than 
oilgrazed p;s t ir s . [I sown poc i ., mw a r'atkllos illp, hal ,, of fect 
Ltan d i (I gl,Iz 'n ll st;linds. li of spi cii'szi oin sown 'I'llo . O-int loil-sownl ill
cne s'-i d w i th lllowilIu a n d .... _ i ;; . . . .e ra t a liinu n i L ; llimlnt i ug t oio 


mor' tha;ln 70. of li ta'tlJ whil t; i l oiltl ill the I; ix ' was only 
(.'. Illco pa i ll,conl n'rl*o ." ';ow ill s with1 I ixt .ur.'sof these sp'C ies, 
it wan53lotiLd tha lit ili/--itI iil by nazin:up rest;lt,-I in g-eater amounts 
of the , o n species, about SO'., than did litili atli1 by mowi ig. Ir
r';p,-ct i,, of It, ic paci ity if di ff,'nnt gn;;s specites to sirvive' when 
IseIi ii il I ti.ri ,; , "iin c 1I ll.' I'n I i ; ;ow i ;gsno ( i f fe rce e; in global 

'Ii dus w'r'- ohs ''uv'!. 

Fey word;: hact'lis -lau 'rita _l!h', _i ; Festca pratensisi, tl-.lt0l 
I'oIi urn porenni' , praLos , graz i p, iowi ng , survivalua tells; 

yield.
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5-1-3 Perennial Grasses for Salt-Affected
 
Non-[rrigated Semiarid Land
 

Sandor Zal lar 

Soil Conservation Authority of Victoria, Australia
 

Evidence suggests that secondary salinization of irrigated and 

dryland farming is occurring on certain soils as a consequence of 

1111o's influence on the ecosystem. Il the short histoy of European 

settlement in southern Australia, an estimated 2 x 10 ha of land 

which first supported good crop;s or pastures is now suitable only for 

halophytic species (Northcote and Skene, 1972). The problem also 

occurs in Canada (Greenlo, et al., 1968), and il the northern USA, 

where the ;area already affected is increasing by 10C each year (Clark, 

1971). In most cases where the soils are affecto.d by secondary 

salini ,'satio , there is also an increased salinity of surface water 

stlpplie; from catchuents (Peck. 1973). 

Tll main soluble ;aIt involved i.; sodium chloride. It is 

rosplnsible for mluch of the salinization of soils in Australia, and 

is important because the acculii lated sa It in the surface layers is 

severe ly affectingl :gricII tllrn product ioniland is caus ing eros ion. 

The dryland aro aftected in s,,outh-eastern Australia is e;timated to 

be about 19,700 hectares, within a rainfall .one of between iJ-80 cm 

per alIIlITI. 

'Illlprposes of the recent research studies ittVictoria have 

been to identity th, hydrolei cal prope-rties of catchimets predisposed 

to sal illiztion , il to sele'ct and test salt-tolerant plants in con

noction with ameliorative ;la1 aIrotoclloliCal tIethodS . The material 

testd in Vic tria i a seri, ; of experiments covered a fairly wide 

ranc of lasturle plants, riphtod to be sa Iil-tolerant. l:xperimental 

r It;lt Paspalum vamginatu is suitable and grows well in; !;howed that 

creek Ills oil sml ar'ea; w-htere prolom ll winter flooding occurs.or 10 

()thil spoc i,;; : !l; Lt illt ; r i,idum, lhla ri tuIberosa , Medi cag', 

sot i'.a and Trifolium frmliferum ar, only mhorately tolerant and are 
-

more siitel to mar-itnol!-;It area; which already support sea barley 

grass ( llordeum spp.). 

Iwo pernnia 'ri ', and Agropyrongisss lamely !uccinelia ciliata 

lotll,.ttietmr('i a; superior, by pr viding groundl cover and pasture 

on bar, soI tpn'f; which had previously been unproductive and sucep

tibl tl ,-losioll. Sllbls" 1'illt trials confirmed that these two grasses 

r,'otl ;t;lldil, pasture, plants for 1;-ilt-;lffcted area;, especially ill 

the 45.7 cm to (1. cm r in bolt on soils that contained 0.3 - 2.07: 

chlrd,, ill the surfac,,, () - 1 cm, layer. Although they cannot be 

g ralz i ll I h' ";tablii ullent iar they tlickell 1p1 ;I'l call stand 

;r'I- Iim by the, Csecond ilyea (Z',llrr 0Ind1 itch ll , 197(). 

et~t:,t re,;ultt; indicIate that Aropyron 0Illl atl;l 'IlldPlcc intOl ali 

cilita ,;tal bli sh, grow an, Irsi;t also mider hii;hly ;aline and 

waiter! o,d coilition; i s.mi-ari!idnorth-western Victoria, where the 

avi ra annual is abo)ut 3) cm.t,,' rainfall 

lh 1;grnotluic tclnlnitili.; which a;s;i;ted the eL;tablislment of 

gras ses wre a rough ciuIt i Ivati0 ill atlutmnltl be for, sowintlglllIch and 

fertiliir -ipplication;, and felncillg tIe aria off to exclude live

st ock, 

Coy word;: secondary i;;lIiln ;-ati i l , ;odim chl Ioride , sa It tolerant 
;l anti; , as lo;js.Vaginatlt 1,0Iililt nil;'i llu, Phalaris 

ferum, l'uccituhbero.;a ,Medicago ;at iva , Tri fol iuin frgi 

nell ia ci liata, AgrojIyron o longatium. 
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5-1-4 Establishing Native Perennial Grasses and Forbs 
Using lerbicides and Mowing 

T. 13. Bragg and I). M. Sutherland 
University of Nebraska at Omaha, U.S.A.
 

Upland and lowland site;, seeded to perennial grasses and forbs, 
were treated with Atrazine, 2,4-D), and mowing at one and two-year 
intervals to anses;; procedure; by which to reestablish native grass
land vegetation. Vegetative composition of each treatment area was 
evaluated in late Summer for three years following treatment. 

Mowing resulted in the mo.s;t diverse stand of needed species in 
both lowland and upland !;ito;; (average cover/gras.; species = 16% and 
15% respectively with ,4and 9 forb species noted) . In the upland, 
an equally diverse stand was obtained with 2,4-D at 2.2 kgqla. 
Seeded forbs were ab!;ent from all lowland plot!; treated with hr
bicid,:;. Atra: ine and 2,4-D, however, can he effective in establish
ins) ;ra;!; ;tands; wherte the need for rapid e tablishr,nt outweighs 
the dosirability of diver;ity. lowland native grass cover, for 
example, averaged 2' and 8'.higher with Atrazine than in mowed and 
control area!;. 

Switchgras!; (Panicum virgatum) in the lowland site was strongly 
favored by high concentration;; of Atrazine (average cover 9fii) 
althoughi other s!1,c i iclined. In the upland site, 2,4-D was more 
effective in es!tabli!Ahinq ras;;s than Atrazine although .witchgrass 
wa; not included in the seed mixture. Sideoats qrama (Pouteloua 
curt ipendula) and blue lIrama (Routeloua gracilis) were favored by 
2,1-D ,.,,ag, i ng 22" and 12' cover as compared to 15, and (Otwith 
Atrazine; little lue;ter (Androogon ;copariu;) cover, however, 
•wa; highe;t with Atrazino. In both site;, Atrazine was more effect
ive at maintaining lower forb cover (551,) than mowing (5R%), 2,4-i) 
(82",) or in the control (82 ). rir ct effects; of Atrazine on forb 
e;;tailishment, incldinq carryover effects, is ;;u')go;vpted by these 

re;ult!; although total canopy cover also appears to be a factor. 
Unmowed lowland plot;, for example, averaged 1109 1/m 

2 biomass in 
2
contras;t to 394 /1/m for all upland plots and for mowed lowland 

plots. Seeded forbh; in the lowland were found only in tile mowed 
area. 

'Phe overall re!;;lt; of thi; ;tudy indicate that procedures for 
ree ;tabl idhing native qras-!;land vegetation vary, particularly with 
ref;pect to topoqrah ic; ;e ttinq. Herbicides expelite gras; estab

li!;hment particularly on lewland ;ito; although they prevent the 
e;tabl i ;ment of s'veed erinnial forbh;. Because of the question
able advisability of 1;;inq horlicide; s, it is e;!;;ential that prelim

inary con;sideration be Ifiv';n fir;t to determininq whether herbicides 

are needed and s;econd, if ne(edhed, t .;electing the lowest effective 

concentration. Slch con; iderations are e;sential particularly since 
.
the effects of herbicide; in -ineco;;yn tem in any amount a{'inot 

fully understood. 

Foy words: grassland ree;tablishment, herbicides, mowing, 
Atrazine, 2,4-D. 
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5-1-5 Utah State Rangeland DOevlopent Fund:
 

No-interest Loans Boost Rang~e Improvemnts
 

Mark M. letersen
 

Soil Conservation Service, Utah, U.S.A.
 

The State of Utah (USA) has implemented a new and innovative 

program for tihe dOve 1opMen t and improvemen t of privately owned range 

resources. Private r:ingeland owners and operator!: ;n Utah can re

ceive (for an initial 42 administration fee) no-int rest loans for 

range illprovtmlent work with p to 15 years to pay. Because it takes 

about two years to reali ze a return from most range pract ices, ran

chers are givcn a two year "grace' period belore pay-back starts. 

Thi; new approach to range improvement is the Utah State Rangeland 

I)evelolsenc Fund which was passed into law in 1976. Since then, 

10) range improveoment plans have been funded for total of 2.4a 

million dollars . At; te money it; paid back, it goes into a revolving 

flund ald iS used again to flund other range improvement projects. 

Range lands comprise )2 percent of Utah's 21 million hectares. 

lht despite their importance, rangoland'; are still one of our most 

negIlcted ald underdevoloped 'reoirces . Past- use -- carried out with 

illaliqtate knlowledge of the raneland environment -- has caused a 

d,,ter oration of many range,,s. In1 1970, 75 percent of privately 

owne.d rani inll IUtall were ill poor-to-lair ecologi cal condition. 

ally 'roat; nl 0dC m i101ties hlave be . r--placeld by nearly pure stands 

of s s1 h .s saikelSrlHsi (Artel si;i ,pp.), juniper (juniperus 

;[ ) , orr. llatras; (lrol:lt; tectorl-iwl) . 

12r51and 'oarcii, i ve manr 1l00 :11( lirC )IrlIve that proper resource 

a 1,:lnl'latalol with such brulshlllaanageilent, range seed, " practices as; 

inl,,and livestock water dIew'lo l,,ents , cln increase desirable forage 

plaltt; a::; much It; -) tO I 0 tir s oil soll (f our poorer condition 

rani, , l;nds. However , hi ',hcosts, hi il Itere;t rates and delayed 

r-,etlirli: 0lllnvtI;llIltIL oftell di.SCOItaLg> ranc-hlers from investing in 

.00(10,1 CIa 1'e iMplOVTe:l(li t;. 

The la'ge lhnd LeV, lopoLent Program it; admiinistered by tile State 

Soil Collsrvation (o omisl;ion. Kang,, specialists from th USDA Soil 

L~oliserwvit 1on ServiCe work c lo;ely with each borrower to help develop 

aI cons;ervatioin ralch plan that is envirolnlllentally and economically 

,nd . Tho local SCII reviews tie plan and sends it to tile State 

CoM1siS;;io for tIpprovill n1d flllldil . 

TI l Cir;t 5 yeart; of the no-int,'rest revolving, fund in Utah 

haY e ciO very successful. Over 52,000 hectares have been cleared 

of competitiv hrubs a1) seded. Over 2100 new watering facilities 

hIave been installed and nearly 500 ki lometers of new fences have 

bo0ll constructed. onPllln-1 grIll' systems have been iplemented 

ovr 201,()() l cttares. 

Key words : ra111ge and devo lopment , range im5iprovement loans. 
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5-2-1 Effectiveness of Land-Reclaiat ion Measures 
for Ensuring Iligh Productivity of Meadows and Pastures 

11. P. Saukevicius 
Lithuancian Institute of Hlydrau lic Engineering 

and Land Reclamation, USSR 

Lithuanian SSR is situated in an area of excesis dampness. file 
small territory of the republic nevertheless is notable for its var
iety of climatic, topogr-phic, and soil conditions. Average annual 
precipitation fluctuates between 60 and 90 cm. During tie vegetative 
period of perennial herbs the average long-term precipitation varies 
between 18 and 55 cm. Precipitation is highly variable within and 
among years w ith rainy and drought) periods. The average duration of 
tice active vegetative period is 2J4 days with a mean air-temperature 
in this period of I1'fC, and average annual evaporation of 35 to 40 cm. 

PodZol-soi Is prevai I with fewer areas of sod-podzol , podzol-
ImarshliS ialish sod-carlonltt adll alluviaI soils. The aoutnit of land 
with excess daipni::s is 3,645,500 ia or 55.8 of the whole territory. 
These areas are partly overgro4n with shrubs and cluttered withstones. 
Complex draiccing and cult:;vathing measuro. cucst be carried out to 
turn the areas into hi hIl y product ive , cu It i vatIed mea( )ws and pas
ttires. 

lHie most effect i viv and convoi.n tt way of I .id-rec laciat ion is 
unde rgroilcIld draitca( ., lip to 1980 ca 2.4 millioni ha wire drained and 
cii I tivated ald 01. 7 11i II i On. ha of ciil tured cmeadows and pastures were 
is':ablI i slcd. ThI spec is organl i zat ions for land-rec licat ion create 
40-45 tloilsad hl of cultivatt-[ lieadows and pas tlcres each year. 
Cultivat.-d meadows ar establishied on ,-he newly developed clluvial 
marshy lands and cli It ivaled i;stur s ;Ire establ isied occ plots of dif
ferent so i I types. 

The iccrocaso ill crop yields cf meadow alnd pasture herbs after 
draining aid I'velopicig thi, plots!; ii; 2000-2500 fodder units per ha. 
The ecolllOic 'fficiency of thu doveopment and Itc'ult-itIg of the lands 

clancld by cat ional t tilizatic. cf the shrub-wooo and stones 
which are relOved, 

Ircrigation, which is very important because of uneven distrib
utios. of prucipitation during the vegetative season, increases yield 
of cultccred pastures by 2000-4000 fodder unit'; per ia. Irrigating 
cultivated pIstures is consilored economsically practical when the 
crop-inerease from 1 mil irrigation-wltocr is not less than 15 fodder 
ccits; pe ha. The mos;t officient methlod for wateri the perennial 

hocbs is to Ise tce flow from large cattlIe-breoding complexes and 
some1 of tle sewage wa-'ters, 

Ini due course the crop productivity of the cultivated meadows 
and pastil's abates ;nid weeds acid Ioilund; app-ar. Tlchnology his 
ben developtd to revive the stilld cultivated ilo;ldows and pastures 
which lielp.; to incr-;;'ae the ccroip yields in tle first ald second year 
by ;c! uch a; 91 pircecit. To .t roy t: old sod and to create new, 
herbici,!e chemicala and variou;s soil-workirig machines are .sed. ice 
averag-e cost of rcnewin the lands is 221) rtcbles per ha, the time 
of capital inuvestment itju;tification is up to 2 ye- c-s. 

Key words: wet soils, d'ainage, land-reclamatcon, irrigation, 
fer t i Ii zat i on, forage y i e Id. 
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5-2-2 Effec t: of 'lopso iI I)LpthIs and Spec tes 
Selection on thel RCLlamat iol of Co I Strip jioeSpoils 

Will a1s .1.Mcg inni '; and Pall a J . Ni rho I as
 

USI)A-SEA-AR, r(ps RIs;archIiLaboratorty, CSHI, U.S.A.
 

tile objective; of the studit's i'eported here were (1) to deter

In'ne the effects of topsoil replaclet ott estilbli shnteitL of seeded 

vegetation ont strip mite spoils, (2) to detetrtinie the effects of 

topisoil ot'dvrsie ottgrowth of intermediate wheat

grass :ltfdWflt'IL htrhtig' tildroots, and (3) to ivatlaLe the responses 
depth of pil poil 

of 17 grass 	sptvcies wheti grow on Lopsoil al mine spoil. 

lit a field stud' ill northwest, Colorado, a sitif ieidxLi; of ralinge 

grasses, forfis and shrubs was trill-settled ott five dtiLfs of topsoil 

placed over surface coal mint spoil;, tand the effects of topsoil 
depth ot slit'tok i ishineit were Iii a gretinhouse studyitsp ;tail umeasured. 

the ,fltcts 'At fivu depitlis of topsoil placed ovr spoils otl the 

lterhagt atill toot yiitlds of inLt(ristl it' wtleatgrass (A t-opiyron 

inter (ldiumi (I:;lt) lteativ.) and wleat (' itiiciiin tesLivtin ,.)were 

tdeterinelit . li it secionId grentltitOisi' stlldy, sevitnteetn gtasses were 

25 ci of topsoil ovtr' spoil ;a: l i spoil alonte to evtluaaLeplatted lit 
st1) s illherhage yie'ld, ro ot yield, a;l( root distrilb,c c-.; (IifIfrenccs 

Lion in tLop:;oil atl Iluderlying s'poil. 

linthe lteldt l,l nting, stLand tist.ilislmlent- averaged 1.9 Limes 

hItter oti all toil*il depltlis thtu oilspoil alone, atnd thti dtesity of 

the stieded staind i l itt'irly as topsoil depth increased il ) to 

the iaxitnisut ot 4t) cii1 t t(ltp;oil used ill th se stildi is. liI tLhegreen

house, lt,'il),igeyit'ld i ct'pi.tid l litnutrly with the increase it topsoil 

diLptlh. Rot irodiictin by both sprcits was grt';iler it topsoil than 

in utde lying spoil; twevet , iuteritvdiate hlatgr ls; prloduced two to 

four t imes imot, rot wtight it spoil Lhin ,id wheat. Il the secotnd 
gre,,nhoos;e ,;Ludy hard lesclic, (litAtncal ovina (11llis(Illa (1,.) Koch), 

Lall f.S iW (F . r ,iti ittc.t Scrib.), Arizon it,-t:tte (F..iri zoni ca 
Vas(ey) itld Rus;iani wi IItryt' (Elymus juties Isics-ih.) haid the highest 

total roott pl'Otltt iot;. 'lit' roots (,Ilhird fescue anid At'izona fescte 

wer'e I i 'gil y t'ttIf ivtel to Lt toLps' i I wlhi I v tlhe other two slet'i-es had 

,)v r 35% of their total root production iul the indterlyi,:g .spoil. 

Depth ol ttt sil i titid slt('i..s at I ttion sll oulil be cons-itlerel for 
Initll Cv lLrall
optillutml retige~ltt im)i sn;1(cess. Oli Co-,II strip areais ill tLhv 

Rocky MonIt iiti its . T' gr t ti the tli:;ei I depth, it least ut to 46 
cil, t he d t;,r the' !wtcdd s;tand illlth- I and ( g,'eater Ohwfit'l, Lit 

hurll),igtantd root prlo(dou(tiol ill thel g'rev11hol se Species calltbe{ 

!;elec-(ted tihat wi I I pro)vide' hii)h root. product ion} in Lill topsoilI, good 

rlootintg int theiindtlyi ng spotll , miixiittiti lit thage yie I, oira com-

Key words 	 topso i I reclama t ion, coi I nine, strip mine,
 

mine spoils, species Selectiot.
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5-2-3 Use of (ras;ses and Legtumes in Reclamation of Land
 
Stir face-Nined for Coal
 

Richard I. Iarnhi ,el and James L. 'owell
 
IJnivers ity of Kentucky, U.S.A.
 

Succe S; fl e t;, I shIeIIt (if gra;ses an,d I egntes i s ;a necessary 
step in the reclamat ion protcess of land di ;;torbed by surface mining. 
There are several key factors that play significant roles in revege
titing isined r;Itl a;;: (a) providing lt rient:; (e.g. phtosland cl plant 
phoru;, nitrogen,Itpota;;sium); (b) lise or pil adjiustient; (c) pr
para t: jolt of . 0ood S0eeil)t-II; e.tc. Oite factor tlhaL i; S;OitLet isl, over
looked is the Selection of adapted j,rass and legiumu' species atnd/or
 
varieties of each.
 

Tall 'ofcue (Fe, t;Luca ;ritndl,acea Schreb. ) and other ipci es
 
withill tit Fe! ;tuc;I giolll,; raliked neatr the top with respe.ll to both 
;,ro itld CO;ver -III,] fore;w, prodict ion whtet s;tleid d (tti g;;radld :;tirface
uited coal spoiI;;. In ahlition, severai specties wilth in Ole Agropyron 
genu;, e.g. cre ; td wh(. tgra,;s (,10!;-nn (desrt1ti1_ Shl It), ;,ITSTo 
produced ,ood yield;. Red to) (%;r't; it a_ih:; I.. ai, .I canarya a ) I I 


r.,;!; (hrart; canarien: i I.. ) produced some of thi highe.st yield;

of ildi plot!;, ,he raniked thai; fescue
Vidtul tU tue:,ts lower ta l I and 
tie wt,'rat' r" e; 

Sev,ra I virieti:; of perennial rye ass 0,o).; tl im porenmi .. 
wer, te.;ted; a lt.ho .Ii t he'y provided the best ;'rooiid cover the fi rst 
ytar, nonek ol tih. vari,t i :; produced good yioldh; the secontl girowing
seasoit mitd ,v.i pooirer yi ld; obtra itied the third ili'were 

,\ltheu;,h V, ':(.t tiv pr'oduct, iou w;;:; lit hiigh ;,s tal Ias fescue,
 
sei,. ral varieLties (luigr;: prate'li I.. ) gave
of K,ittucky (Ioa 
xc,ll It grout c vir At I1 tlhre, yeit:. 

AlfAlft ('fa ' , ;t iv L. ) and birdl;foi t trfiit (lutes 
corniculatui, .L.) t op,- isu to ' O.wt," - c;;;l,. . ci,,; wi tt re:;pect foraje 
prouhict ion cmi ;Iii! hrou;C , v" Il vari'ties o f" icich wore tt;;tld, 
but th,y diI not di ffer i iii f ic.,ttly beccm.-. if a Ictie variation 

tea l'spe'd, c (Ie ~ed,';. cuneat, on) had cI very.. poor 
staind ti , first Iwo year;, but iipiroveid with time. Alsike clover 
(Jrl i fi.t! ii;;; ivbri 1th;; I.. ) and whi te c lover (i-, ui repen,; L. ) do 
not c p,,ar to be sui ted in l-cI;;t iott pro;a-cts.i; 

Key words: recl a;m; tio) , s;trfk-ice-;i-ite- coal spoi Is, past;ture , dis
turbed land, gratss , Ieg',uie.;. 
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5-2-4 Yield and Quality of Forage Produced
 
on Surface Mine Spoils in Kentuckv
 

D. 	 S. Henry, W. F. Kuenstler, and S. A. Sanders 
USDA-SCS, Illinois and Kentucky, U.S.A. 

Pasture or hayland is a potential use for- much of the 
more level surface-mined land in Kentucky. To determine the 
usefulness of several species for forage production, two study 
areas were established, one in the Eastern coalfield, the 
second in the Western coalfield. Two of these species, 'KY31' 
tall fescue (Festuca arundinacea Schreb.), and 'Interstate' 
sericea (Dlespedeza cuneta I)umont. G. Don) were used as a 
standard for comparison. Other species tested were Cauca
sian bluestem ( Andropogon caucasicus Trin. ) 'Raw' big 
bluesten ( Androogpn geraredi Vitman), 'Cheyenne' indian
grass ( Sorghastrurn nuanS L. Nash) 'llackwell' switchrass 

(Panicum virgatum I. ) 'Chemung' crownvetch ( Coronilla v''i._ 
L. ), and 'Appalow' dwarf sericea ( l,5spedeZ.a cuneata Dumont 
G. Don). 

Each of these species was seeded in a randomized block 
design using three replications in 19761. Each plot was har
vested twice each year, beginning in 1978, to determine yield, 
percent protein, I)MI), and sugar. Analysis of variance of 
the data show that there are significant differences in yield 
percent and percent ID) among the different species. There 
is also significant difference in the yield of the same species 
between the two study areas. In eastern Kentucky, 'Black
well' swichgrass-'Interstate' sericea lespedeza mixture 
harvested twice produced T35 kg/ha more forage than 'KY31' 
tall fescue-'Interstate' sericea lespedeza, the standard for 
comparison. In Western K(entucky, all ';,ecirs seeded alone or 
in mixtlure plroduced ino'e forage than the standard tall fescue 
and serice;.. 'Ct:emung' crownvetch was significantly higher 
in protein DNl,;), and yieh than the two sericea lespedeza 
varieties. 

Key words: 	 'Blaekwell' switchgrass, 'Chemung' crownvetch, 
yield, proteins, DMD. 
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5-2-5 Restoration of Old-Field Vegetaiion in Qinghai 
Province and its Relationship to Rodent Damages 

Yunfeng Xiao, Jierong Liang and Qu Sha 
Northwest Plateau Institute of Biology, Academia Sinica 

For the pvrposes of unders tanc ing the restoration old-field 
vegetation and its succession rule, determining the influence of 
rodents on the rstoratiou of old-field vegetation, providing a scien
tific basis for rodent cn trol and speeding, the recovery of the vege
tation, an inves ti gation was carried out on old fields in the Panj o 
region, Menyuan Qinghai curing August andXi an, Province September,
 
1974.
 

According to the age of old fields and 
 through contrast analysis 
of phytoconology, and coo fficient; of differentiation, the succession 
of old-field vegetation may be divided into five stages: secondary 
bare ground; -ind bieini I herbage with andannual weeds; rhizomes 

stolons; sparse patches of grass; and thick patches 
 of grass and
 
Cyperaceae plants. The ;uccssion rule 
and characteri,;tics were anac
lysed. 

During the succession courses, of vegetati o, tle plateaut mnouse 
iare, Ochotona curzo-iae, rapidly increases in numbier along with the 
increase of better herbaies of Cramineae acnd Cyperaceae , while the 
mole-rat, Iyospalax fol tnier i , i ncreases and decreases in number 
along with the iccriaso of herbage having rh izomes , root tubers and 
root axis. 

Ic( old fields; in Paipo region Ia,- -een restored for about 
fifteen years. Th damage of 0 ..- oni a alternates with thai of 
M. fontani(eri . The resl t is tlat some areas ,t i I I stay in herbage 
stage. When the old fields progres.s from the stage of secondary bare 
ground to that of pereiiia Il ierbag,, they provide ad,.qua .e food and 
living conlit ions for M1. focctaniciri which reproduces in large numbers. 

II arevas e.!caioing d.ce acnd continiously loveloping towards 
the stag, of' grass patch and Cyperacoo plants, the botter herbages 
increase in quantity aii, supply 0. ci..zooiae, with ample food. Tile 
saml" -nimals mcvnw in and d'.;troy tihe vegetation. The endless damage 
cacses thc old Lilhls to bicc difficuilt to restore. 

Key words: ri-veg-ta t ilc, rodeot damage, Ocliotona curzoniae, 
lyos.ilax fontanieri. 
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5-3-1 Savanna Ecosystems in Tropical America: 
Findings from a Computerized Land Resource Survey 

T. T. Cochrane 
Centro Internacjonal de Agrice Itura Tropical, Colombia 

A land resource survey modeled on the Australian land systems
 

approach was started in mid-1977 to study the acid, infertile soil
 

regions of Tropical America, with the objective of creating a base
 

for the development and transfer of improved germplasm based tech

nology for pasture production. Preference was given to study the
 

200 million hectares of native savannas, although the survey now
 

stretches across the Amazon forests to Southern Brazil.
 

The study reduces land information to a common base in terms
 

of land systems defined as repetitive patterns of climate, land

scape and soils. These are delineated directly onto satellite and
 

side-looking radar imagery following field work and climatic anal

yses. Within land systems the vegetation and soils are separately
 

described and estimated according to their occurrence on landscape
 

facets that follow the principal topographic, vegetation and soil
 

sequences within the land systems. Following the collection of the
 

land resource information, it is recorded in a computerized data
 

storage, retrieval and analytical, map and data printout system to
 

facilitate speedy and comprehensive analyses.
 
The geographical distribution of the savannas is summarized
 

from thematic map printouts. They separate on the basis of soil
 

drainage into poorly drained and well drained savannas. Both cate

gories are widely distributed throughout the subcontinent, although
 

the well drained savannas are three times more extensive.
 

In spite of their disperse geographical distribution, it was
 

found that the well drained savannas occupy a well defined habitat
 

delimited by the climatic potential for growth; they can be dis

criminated from other physiognomic vegetation classes on the basis
 

of total wet season potential evapotranspiration. Within these sa

vannas there is no significant difference in the mean total wet
 

season potential evapotranspiration between groups with 6, 7 or 8
 

months of wet season. However, wet season mean monthly temperatures
 

effectively separate lowland from higher land savannas.
 

Following from the comparison of savanna climates, the land

scape and soil features were described and compared. The well
 

drained savanna soils are mainly Oxisols, Entisols and Alfisols.
 

Oxiseol predominate; their fertility status is generally very
 

poor. Fertility gradients do not follow relative arboreal biomass
 

contents.
 
Finally, the irilications of the findings of the survey are
 

discussed in terms of their contribution to the development of im

proved gerMplasm-based pasture technology, to help increase cattle
 

production 	in the savannas of Tropical America.
 

Key words: 	savannas, potential evapotranspiration, land systems,
 

Oxisols, land resource survey, Tropical America.
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5-3-2 A System of Grassland Classification in Synthetic
 
Order and Its Key Chart of Classes
 

J. Ren, Z. Ilu, X. Moo and P. Zhang
 
Gansu ArilculItural University, China
 

Based oil tile dynamic theory of grassland genesis, thle authors 
presented a 	 system of grasslz..d classification in synthetic order, 
climate-land-vegetat ion. 

The first grade "class" is an elementary unit of classification. 
It is determined by the disatributive features of moisture-heat 
quantity. Classes may be combined into "groups" on the basis of tile 
same heat quantity or humidity. 

The second grade "subclass" is; divided within the class 
accord ing to the land (so i I and topography) characters , wh i ch might 
be used as indicators of land uti lization. 

The third grade "type" is divided within the subclass according 
to the vegetation. The same "type" of rangeland indicates the feed 
value and the practical techniques hereof would be similar. Tie 
''type" may be further divided into ".subtype" and "m ei,,p 

The system of grass land classification in synthetic order is 
used in such a way as to divide rangelands into classes on the basis 
of bio-climatic factors -- moisture and heat condition, tile annual 
accumul ated temperature at degrees cent igrade above zero (CF ) is 
used to determine the warm conditions, being classified into eight 
grad es. Moisture is dmetermined by the "Grade , f Moisture Index" 
(GMI) "K." 	 There are :;ix grade; of GMI in China. 

Isioing annual precipitation (r) as abscissa and annual accumulated 
temperature above zero (oC) as ordinatE, the "key chart of grassland 
classification" is compiled. Sites where accumulated temperature 
above zero (°C) and annua! rainfall intersect may be found in the 
key chart, so the "class" of a site is identified. 

Key words: 	 system, classification, synthetic, classes, subclasses,
 
type, chart, index.
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5-3-3 Forest Range Evaluation in Southeastern United States 

Henry A. Pearson, Sam 1). HIalverson, and Nathan A. Byrd 
USDA Forest Service, U.S.A. 

The goal of the Southern Evaluation Project is to promote sound
 

multiple-use management of the southern forested lands. In order to
 

achieve this goal, four major objectives were selected:
 

1. 	Develop and test quantifiable resource management techniques
 

to improve management predictability and guidelines.
 

2. 	Evaluate impacts of timber, wildlife, and range management
 

alternatives from a biological, physical, economic, and
 

social standpoint.
 
3. 	Provide technology transfer to land owners and managers,
 

both private and public.
 

4. 	Demonstrate selected management levels on an operational
 
scale.
 

This project was developed using three phases:
 

1. 	Pretreatment: 1978-81--Select study areas, make pretreat

ment baseline inventory measurements and provide some
 

facilities, s;h as perimeter fences.
 
2. Treatment: 1982-83--Provide additional facilities and
 

initiate range, timber, and wildlife management treatments
 

on the study areas.
 
3. 	Post Treatment: 1984-88--Administer management of treat

ments, make measure of responses and provide technology
 

transfer through demonstration and publicatin. 
This information will provide direction for the multiple-use 

forest range program in the South. Two areas, of about 8,000 acres
 

each,located in Texas and Louisiana represent the loblolly-shortleaf
 

pine type. Three areas in Louisiana, Mississippi, and Florida pro

vide the longleaf-slash pine type. Research, training, coordination,
 

and extension activities will bring the project to a point of prac

tical application to fully utilizr: the results of the study.
 
To date, more than 30 studies on the five areas have been
 

initiated through cooperative agreements among state, private, and
 

federal organizations. The pretreatment phase for biological and
 

physical measurements is presently underway with some preliminary
 

results available. For instance, on the Mississippi location 12 types
 

of mid- and large-sized mammals were recorded through sightings and
 

track counts, a total of 447 small mammals representini 10 species
 

were trapped in about 10,000 trap-station nights, 79 birds were
 

recorded from May through January, and 14 species of amphibians and
 

22 species o' reptiles were recorded in March and June. Order 2 soil
 

surveys and taxonomic soil descriptions are now complete and 2 years
 

nf timber, mid-story, herbage and browse measurements are complete
 

for all but one area. Results of the pretreatment measurements
 

reflect present land management and provide baseline data for future
 

assessments. Social (beauty, recreation, rural development, etc.)
 

and economic (cost, returns, employment, etc.) measurements are being
 

designed for treatment evaluation.
 

Key words: management, demonstration, social, economic, biological,
 

timber, wildlife, livestock, forage, range.
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5-3-4 Frost Heaving and Product ion of Alfalfa
 
on Soils !ith Different Drainage Characteristics
 

J. !1. Jones and F. J. Olsen
 
Southern Illinois University, U.S.A. 

Establishment and maintenance of good alfalfa (Medicago sativa 
L.) stands are serious problems in the climatic-transition zone of 
tileCentral United States b)Ccause of fros heaving. Many soils in 
this zone have impermeable subsurface layers which form perched 
water tables during much of tilewinter. These conditions, combined 
with fluctuating temperatures abov, and beIow freezing, may subject 
these soils to severe alfalfa frost leaving. The objectives of this 
study were to evaluaLte the effects of frost heaving action on estab
lishmen t , persis tenc, aid producLivity of selected alfalfa cultivars 
ill relation to soil draiiago, characterist ics. 

This study was conducted on three sites with different soil 
drainage c.:iracteristics in southern Illinois from 1975-1980. Field 
plots of four alfalfa cultivars ('Tody', 'Spredor', 'Weevlcliek', and 
WL-307) were seeded illSept. 1975 on poorly drained i (fine,-Jr 

montmorillonitic, mesic Typic O(chraquaif), a moderately well-drained 
losmer (fine-silty, mixed tnesic Typic Fragiudalf), and a well-drained 
Alford (fine-silty, mix d scsic Typic tapludalf). A randomized 
complete block desigi with four replications of each cultivar on each 
soil series was employed. Iiez.omtters were installed to the imper
mabl e soil layer to measure percht-d water table positions during 
the winter. Stand evaluations, plant heave, and dry matter yields 
were asc'ortained cach year. 

The nearer the perched water table was to the soil surface, the 
greater the degree of allfta frost heaving and winterkill. The 
p;orly drained Ve ir had a perclod water table a ' or near the soil 
surface rs lt ing in the greatest alfalfa seed ling heave and winter
kill. Wll-dra incd Alford soil had little or no perched water 
table, thus no apprt-eciable seedli g heave or winterkill. No notable 
di fferenc es in 'rost he:vi.ing were found among alfalfa cultivars in 
establishmenit . Soil tIrainag, characteristics also influenced alfalfa 
pers istt'once ant production. There was a positive correlation between 
te ight of alfalfa iheav and number of plants dying. The higher the 
setdlings heaved, tI,. greater was the seedling mortality. Seedlings 
usually died if they h,-avod more than 50 nun. Significant differ
eiice-s wetr found in ,,'itds among alfalfa cultivars within and among 
soil rainage classos. 

''ll selection of % w. l-drained soil site is an important con
sicration lot good alafa I L -sta;bl ishlment, persistence and production. 
ihowevtr, moderat ly we. I-ai tid soils may be used for alfalfa pro
duction wien weltl-drainteld soils are unavailable in the climatic 
ttrnsition zono of the ('entral United States. 

Key words: aliafaa, ,edicago sativa I., frost heaving, piezometers, 
soil drainage classes, soil water tables, winterkill.
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Hail as an Icological Factor
 

in the Increase of Pricklypear Cactus
 
5-3-5 

1,'. A. Laycock 

USDA-SEA-AR, Colorado State 11 ivers i ty, U.S.A. 

Detached joints or pads of p.lains pricklypear aectus (Opuntia 

polyacantla) can root and forin new plants. However, few dat a exist 

to quantify 	 this phenomenon or to describe conditi,ns under which 

rooting tirkes place. A severe hailstorm at the Central Plains 

Experimental Range in northeastern Colorado, U.S.A., on July 31, 
197b broke segnments from plants of plains pricklypear. This pro

vidue a. opportunity to determine tile amount of Joint dispersal 

ind rooting 	from a natural destructive event. 

Cactus joints detaclied and scattered by the force of tile hail 

were counted on pernrinent beLt transect!; established ill exclosures 

and adjacent grazed areas in 2 pastures having different pricklypear 

populations. One year later, the transects were sampled again to 

de termine the unmber and proportion of jo)ints that had successftilly 

rooted and become establiihed. 

Precipitation after the hailstorm in 1978 and the first 4 months 

of 1979 was less than 100 mm (67, of the long-term average). Some 

joints had short roots onl the underside by late winter of 1978-79, 

but no roots reaching the soil were found in April. In May and 

.line , more than 200 mim of precipitat ion fell, alnost twice the 

average for 	 that period. 
In one pasture, where tle average ground cover of pricklypear 

was approximately 1.21, the hail detached 4100 cactus segiments/ha. 

Ili the other pasture, pricklypear had an average of '3.8/ ground 

cover and hali detached 25,300 segments/lht. Ili tile pasture with 

the least pricklypear, 34 / of the segments had rooted by August 

1979, while only 13Z of the segmetts iad rooted in the other pasture. 

lowever, the popul ation of rooted segmnents was equivalent to 140 
and 2400 new plnts/hal i tile pastures with tile leasu and most 

pricklypear respectively. Thus, more potential new plants were 

established in tile pasture that already had tle most pricklypear 

even tlhoug; a lower percenit~agC Of the _joints had rooted. There was 

ito coisi stetit difference it r(outllg SuCCess between tile exciosures 
anlid tle grazed areas ill either paste 

The detached pricklypear jotiits I tat eventually rooted, sur-

Vived 9 muOllths Of lnfaIVOlabl e misture coniditions anid then were 

able to .tiu'essfully root alter i iristitre becane available. 'lIbis 

remarkable aip iivity may be one of the reasons wily pricklypear is 
so prevalent and persistent oil tile (;reat Plains. 

Key words: 	 tputi pricklypear, hail, roots, control, re-establish

ment, drought, precipitation, ecology. 
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5-4-1 Nutri t iona I Qua I iLty of Leaf Proteins 
Prepared from Crops Con ta iniing [l'inoI ic Compounds 

and Po Iypluo I ase 

T. llrioihit, anid S. lchida 
lklay'.1mal 11iiv,.,r;i t y , Ja pan 

Many studies have Iditcated that leaf protein prepared by green 
crop fractionation affords good potentialias a protein supplement. 
ft has been noted, however, that there were some marked differences 
between crops inl the nutritional quality of leaf protein in spite 
of a similarity in amino acid colposit ion between leaf proteins
 
made from different crops.
 

We previous lV SIOwel that brown-coloured casein which was pro
duced bV tilt ilitercitt ion of milk Caseiln 
 with phenol ics undergoing
 
eizvmit' oxidat:ion 
 had lower nutr't onal value than original casel.
 
Il addition, it has I)t-en Sll',CLested that leaf proteins prepared
 
from crops tnitainiiig phenolics and polyphenolase were brown-col
ouredil fter 'xt riact ioll With actone. It can tiierefore he presumed
 
that tile brown inp 
 of leaf protein br ings about the lowering of its
 
nut rit ionia I c1u'l Ii ty. 
 'lie oh ject of thi is report is to determine 
whtther tihe browning of leaf protein a ffects its nutritional quality. 

Ita;lian rv'o)erasa, rod cilover, storhmtll alld il faiIfa were used for
 
leaf pr tvin prepirat ion. 
 Freslh leaves were pulped ill thi presence
 
or altse ice of a reclinit i apent.; sodiumn ascorb;ite or NalISO 3 and
 
p;reen iuice '0; s;tar; c-ted. Prot eini was cagulated by ad !ist in
 
ti plliOf the 1it' to 4, 17i 1 1owed by 
 h ,atinganid then washed wi th
 
acetOne . The biological tvaluat itn of leaf proteins was carried
 
out I), t.he growth method witih male rats weighing aloit 50g.
 

I to iLn rvegrass , red clover 
 anI SOr hlI ti haid 0-( I'llhtnol ic con
t 1; and lt 'pienol ase ictivitv. The leaf prote ins from Ital ian
 
vre i; ret i; - a ;n sorhim wt-rt'tl browii-colo rd wheii I,caves
 

Wt ii I, ed illt lie a llhsce Of a rtedu ing agent . In the tither hand,

A fall;i had tloithr o-cliphlen ic nor polvpi'el ol e, and hence the
 
brownigi of alfalfa le'af protein didiot occure even in the absence
 
of a r,.duc i np api-nt during pulping,. The brown-coloured leaf protein 

rom It a I ian rvep'ri" '; hadl Itw- r id c til ) 1 i tv than thelI caf prote in
 
protlt-ctd from btrownilg ilthouph tilt-re 
 wert lit) di ffernces in

'trowtl-promotin,, effect and proteinl Cifficic-ty rat io (PER) between 
tli,' two leaf prtttin+;. The f-ceditiip of brOwn-coloured leaf protein 
froii t0d t vc- nta;l I t ed ini ti lt'I W r i p of we i u,ht cain, (I igest i 
bitlt, and PER, adt[ all the tmcisureint-t; includ ini ditl intake 
wIr lowered y i tit- browlt-tOl itr(d leaf protlin from
storgihu . Il lit' c;cts' Of il fcl 'i leaf prott'in, there w;is no dif
ferteitoc' ill t L'itiollil ht-tw-otilnt qual ity the twO h'c/f i'O1"r teins made 
with nd Withou ptittempito prtv, nt browning. 

Th,, r.;ulm Its ntit alot' indli-ate that tilt ot curre'nce ofm -inl 
pi~wlil ito-c andipOlv he (l.lae in a crop is rt,'sponsible for the brown

up, of Ilcaf prlt iln and thal tlit' browning of leaf protein caulses 
its ni1t r it it011i I i mpai rment. 

Key words: 	 Iecaf protce in, ti phel-I ic compouind, polyphenolase, 
browning, Italian ryegriss, red clover, sorgl,.m, 
alfalfa. 
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of liological Componer.ts inEvaluation5-4-2 
in AlocatLionDecision Making Forage 

J. F. Skiles and G. 11. Van l)yne
 

Colorado Stato University, U.S.A.
 

We consider the problem of forage allocation to mixtures of 
the availablelarge herbivores by minimizing the difference between 


for the rangeland.
herbage and the required forage animals on 


in part by the plant's physiological
Availability is determined 

and its relative
tolerance to grazing or its allowable use factor, 


the proper 	use factor) to the mix of
preference (measured in part 	by 

grating requirements for
large herbivores grazing the range. The 


animals are dependent on plant species preference and on the total
 

forage intake rates. This 
paper critically analyzes these concepts
 
of proper use factor
and published information and data. The concept 


is widespread, but the published methodologies for proper use 
factor
 

factors, determined primarily
formulation are lacking. Allowable use 


in clipping studies, are generally higher than proper use 
factors,
 
use factors and allowable
but the exact relationship between proper 


use factors is unclear at best. Preference of plants, as used in the
 

literature, varies in meaning from percentage eaten by forage class
 
percent of 	plant species
(grasses, forbs, and shrubs) to rankings of 


In herbivore diets to actual calculation of a preference index. The
 

method used to calculate a preference measure can yield vary ing
 
rate studies which use


results and interpretations. 	Forage intakPe 

than pen conditions appear to be
animals under grazing rather 


Some 52 intake rate values
confined to domestic sheep and cattle. 


for cattle 	yielded results of 7.5 kg/animal/day. Some 53 
intake rate
 

values for sheep resulted in 1.4 kg/animal/day. We also report
 

forage intake rates for pronghorn antelope, bison, bighorn sheep,
 
Through understanding these
mule deer, 	horses, burros, and elk. 


variables, effective management strategies may be derived whereby
 

resource can be used prudently without degradation.
the rangeland 


Key words: 	forage intake rate, preference, proper use factors,
 

forage allocation, optimization.
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5-4-3 Evaluation of Sewage Sludge Fertilization
 
of Pastures for Beef Cattl.e
 

A. It.Decker, R. I. Chlaney, .1. 1'. )avidson, 
I. C. Hatimmond, and S. B. Mlhanty
 

USDA-SEA-AR and Unlver,,;ity of Maryland, U.S.A.
 

increased environmental 
awareness by citizens and government

demand that municipal waste disposal be environmentally safe. Be
cause municipal sludges 
are high in both N and P they offer great
 
promise when recycled onto agricultural land. Sludge disposal must
 
be done on a regular basis year-round. Pastures offer greater 
flex
ibility than most crops 
in terms of application time. The amounts
 
that can be safely and profitably appl ied to pastures were the pri
mary concern 
of this research. Specific objectives were to measure:
 
(I) forage yield and quality; (2) animal performance; and (3) heavy
metal accumuIation in plant and animal tissue when liquid sewage was 
applied to pastures. 

Angus co's with nursing calves and Angus steers were grazed for130 days on tall fescue (Fe: uca arundinacea Schreb.) pastures treated 
with: (1) NHINO applied 21 (lays before grazing; (2) liquid sewage
sludqe appl ieCd l days before grazing; and (3) liquid sewage sludge

apl Iied one day be core grazing. Rates were adjustad to apply equal

amounts of plant 
available N to each treatment. Pastures were grazed
in a 4-paddock rotational system (7 days irazing and 21 'days regrowth). 
Forage yields before and after each grazing, animal performance,
pathologic lesions, 
paras;te levels, viral infection, and heavy metal 
residues in tissues were measured.
 

Excellent foraqe grow.jth 
resulted from I iquid sludge application.
Foraqe quality, as measured by crude protein and IVDMD was simi lar 
for all pasture treatments. Forage acceptability was good on all pas
tures except those sprayed with sludge one (lay before grazing. Spray
applied ;ludge adhered to the fol iage and was a major surce of metal
 
consumption 
 by the grazing animal; direct consumption of liquid sludge
from the soil surface also occurred. Parasite ova in feces were 
within the normal range and virus isolations appeared to be associa
ted mcre with animal stress than with pasture treatment per se. 
Initial Iy , an i ma I per formance was vim i Iar on the NH, NO and day-2 1
sl udge pas tures; however, by the end of the graz i ng season per form
ance was markedly reduced on both day-21 and day-I sludge-treated 
pastures. Weight losses were greatest for the cows with nursing
calves grazing on day-I, slu dge-treated pastures. The liquid sludge 
was especially high in iron (average of IIV/ for the season) and sig
nificant amounts of ferritin accumulated in the duodenum, lymph nodes,
liver, kidney, ind spleen. Other metal accumulations occurred but 
they wfore not si eificant. While dietary Cd was substantially in
creased by sludqe applicat ions (5-10 ppm Cd), kidney Cd was not sig
nificant ly increased. Indications are that iron accumnulat ions re-
Sui ted in ei ther iron-toxicity or possibly iron induced copper
deficiency. In subsequent s ttudies wi th /oweri ron s ludges we did not 
nbserve simi Ilar animal performance problems, nor excessive iron ac
curu la tion.
 

s: F~e'stt 

iron, cadmium, heavy metals, parasites, virus.
 

Key w rd lic arundi tac,, fo-rage aeceptahi Iity , toxiei ty,
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Zone of
5-4-4 Evaluation of Pastures in the Desertic 


Venezuela for the Development of Goat Production
 

A. Gallardo and A. Leone
 

Estacion Experimental El Cuji, Venezuela
 

zone Venezuela an approximately 4.1 

hectares, 4.75" of the total national territory, where there 
Thle desertic of is area of 

million 
are two million goats. Goats represent the main, if not the only, 

income source for some 60,00) rural families. 

This paper i; a review of the work done by Gallardo and Leone 

at El Cuji Experimental Station, located in Barquisimeto, State of 

Lara, Venezue la. 

According to UNESCO, 1973, the desertic zone of the country 

scrub and deciduous scrub.comprises two vegetation types: evergreen 

In each of these zones the plant, species used by the goats were col

lected and, for those plant parts consumed by the animals, a broma

tological analysis was made to determine nut ritiye value. Forage 

plants from other tropical countries were also introduced and eval-

Uate d. 
Studies done on natural vwgetation show that various species 

have a high crude prote in coitent. Outstanding among these were 

Acacia flexuoia (01.7i ),nr;pi julifh:a (27.8'), Setaria macro

liji aiba (ll.2/)tac Iva (13.5 ),porohouus p5,u1miidal is (16.427), 

and Wedelia
 , ta orianooi hs (2.) ) Ia igia lahra (23.2,') 

caracasana (18.7).
 
1IA Cjil I'.xpe rimental Station, where we have
Previous work at 

and browse species, permittedbeen inltroducig' d v llati oo forage 

[is to so loct the mIIOst promi;ing ones, such as: Panicum:u roloratum 

Bambt;i i) , Cenchrus cii iaris (Malopo, Cayndah, Bi loela) , Cynodon 

1a cli_ 1 ( S1- 954, ',igan ),L tenPI IIpI sctI mT j ur um (Taiwau A-146,
 

Mineiro), Gly cine javanica and Leuciona lecocephala.
 
a vAiahbO guide for
In conclusion, this :;tuody represent: 

tog vegetation toosrd!; do.sirabl forag:e as';ociations and, at the 
i:lang 

Sa11e0 time, it offers ailltern.tlvs towards repopulat ion of these 

areas with species of hi ghl nutritive value hich could contribute to 

a better ,xploitation of goats. 

Key wordt;: 	 arid grasses, palatability, goats, dry matter, protein
 

content.
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5-4-5 Sward Composition and Animal Output from Grass 
on Commercial Farms 

S. Peel and J. 0. Green 
Grassland Resoarch Institute, I. K. 

The obective was to assess the Utilized Metabolizable Energy
 
(UME) output derived from grass on a wide range of farms, and to
 
relate this output to environmental differences between farms, age
 
and composition of swards, and technical 
inputs.
 

A sample of 330 predominantly grass farms in England and Wales
 
was studied; 153 sere dairy far.q and the remainder were beef farms,
 
many of which had substantial sheep flockj. The farms 
were visited
 
regularly for two consecutive years to cnllect livestock and field
 
management records. All iields 
were surveyed to describe
 
topography, soil, 
va-d age and botanical composition. Swards were
 
classified according to the contribution to ground cover of 'sown'
 
species, i.e. legumes usually
those grasses and included "n seeds
 
mixtures in the U.K. (chiefly Lolium perenne and Trifolium repens).
 

Comparison with other published data showed that 
tie farms
 
were qtite typical of grassland in the country as a whole.
 

' 
Botan!- composition was very variable in swards of a.l 
ages, but
 
on average sown species contributed about 60% of the cover in
 
swards under Z0 years old and 30% 
in older swards. (Tile remainder
 
was made up largely of indigenous grasses e.g. A,_rostis, Poa and
 
ilolcus). The proportion of 
sown species was also significantly
 
correlated with fertilizer N input.
 

An average sown species content was calculated for each farm,
 
and the farms ranked accordingly. The upper quarter of dairy
 
farms averaged 681, sown species, the lower quarter only 30,; 
but
 
the difference between i,eir UME outputs ('t5and 410GJ ha
 
respectiveiy) was 
no greater than could be expected {rom tile
 
different inputs of fertilizer N (185 and 115 kg ha ). Among
 
suckler heef farm,, the corresponding sown species contents wer
 
56% and 19'r,;but tiledifference in UME output (45 cf 28 GJ La
 
was much larger than that recorded for dairy farms, anti larger than
 
could he 'ccounted for by the difference in N input (67 cf
 
27 kg ha ).
 

We conclude that on teef !arms, which reprcsent a very wide r 
range o environments and on which average inputs of 
fertilizer N
 
are 
re.atively low, botanical composition of swards is a good
 
indicator of productivity; farms with Lolium-dominant swards
 
achieve significantly higher outputs. Tis does 
not necessarily
 
mean that botanical composition is a prime cause of differences
 
in output. 
 On dairy farms there is little evidence of a direct
 
benefit in utilized output from grass resulting from the presence
 
of a high proportion of sown species in swards. The need for
 
deliberate manipulation of hotanical composition, by reseeding 
or 
other means, must therefore he quest-oned. 

Key words: sward composition, Lolium, utilized output, farms,
 
reseeding.
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5-5-1 Grassland Development
 
in the Southern lligh'.ands of Peru
 

E. J. Stevens and P. Villalta
 
New Zealand and Peru
 

This paper describes grassland development in Peru. The high 

alpine region which occupies 4.000,000 hectares in Peru has a vege

tation dominated by low producing native grasses normally producing 

less than 2000 kg/ha .:y matter annually. Very little rain normally 

falls from March to October, resulting in acute shortages of forage 

during th dry winter and spring. 
An estimated 3 millior people, the inajor-.y subsistence farming, 

are largely dependeat on agriculture. Intensive development of the 

unimproved pastures offers one means of greatly increasing agri

cu tural production. 
A NZ team has been involved in a pasture improv 2ment program in 

i-era si'rce 1974. Prior to that time less than 40 ha of improved 
past, C had been sown in the southern highlandr. Since 1974, 2000 ha 

of improve,] pastures and alfalfa (Medicago satva L.) have been sown, 

as well as aenual sowings of 800 ha of forage turnips (Brassica rapa 

L.). 
t'uermanort hiii;hi producing pastures based on perennial ryegrass 

(olium perenne I..) and white clover (Trifolium repens L.) have been 
successfully StabIlihed on land wiLt, rde:uate soil moisture. 

These pastures rely almost entirely on the legume component to 

provide nitrogon and on most soils phosphate is the only fertilizer 

required. Or, drier sites alfalfa las p:oved the most successful 

leguime, producing over 12000 kg/ha/.ir in some trials. 
Alfalfa and clovers have been :,icessfully introduced into 

unimproved nat ivo pastures by mechanic t direct seeding and by hand 

sowing. Witir direct seeiling dry mat ter production increased from 

about 600 to 6000' kg/ha in 2 ye irs and to more than 10,000 kg/ha 
in older swar( '. 

Innocultion of legumes proved e,:sential. 'eI h effectiveness 
of the itnocul ants was thanced by incrLasi,- the rate of innoculant, 

use of lirt, innoculated and pelleted seed or by sowing 500 kg/ia lime 
with the eed. 

Excellt' : results were obtaine'r from :.ing NZ turnips, 
8-10,000 kg dry matter being produced in 5-6 mtiths. NZ forage oats 
(Av-2ia :eativa L.) a;,. ryocorn (Secale ereale L.) produced 8-16,000 

kg/ha and show.d improved f,'o.t tele rance compared with local cul

ti var.;. 
This prograr jo,licated grass/clover pastures anti af'. lfa can be 

e;uccoes;fully nS,:tablishe in the lo,,ruvian highlands. Production 
incrersei; up to 10 fold hav, breer obtained and animal carrying 

capac i ty arid pi:rforirnce, increa.ted accordingly. 

Key words: 	 grassland development, high alpine, Peru, alfalfa 
(Mtdicago saaiva L.), white clover (frifolium repens L.), 

innoculation, lime, pelleting, phosphate, forage crops. 
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5-5-2 Effects of Continuous and Deferred-Rotation 
Grazing on Mountain Riparian Vegetation and Water Quality 

John E. Speck, Jr., M. A. Smith, Q. 1). Skinner, 
J. C. Adams, and Glenn Roehrkasse 
University of Wyoming, U.S.A. 

Riparian habitat is a focus for concern in tile management ot west
ern rangelands. problem was theThe created by deterioration of and 
increasing demands for this limited resource. In order to meet these 
multiple-use demands, holistic approaches to management must be devel
oped to preserve, maintain and improve riparian ecosystems. For this 
reason, it is important to determin the effects of present m, 'ement 
systems. 

This study was designed to evaluate continuous season- ong and
 
deforred-rotatlon cattle grazing on 
 a high mountain watershed. The 
effects of these grazing systems were compared in terms of vegetation
composition and water quality. The riparian zone was stratified into 
vegetation associations and monitored to indicate levels of nutrient 
enrichme,L ,Lnd fecal pollution in two stream s stems. Fecal coliforms,
fecal streptococci, total count and fluorescent colonies were #!numer
ated weekly during spring runoff and twice monthly during the grazing 
season.
 

The composition of vegetation associations indicated ? drier mois
ture regime under continuous grazing. On the subirrigated meadows,
tile percent grasses was '38% higher under doferred-rotation grazing.
Tufted hairgrass (Deschlasia coespitosa) and fowl bluegrass (Poa
1a lustris) were notable decreasers under continuou- grazing. Wetland 
meadows were less sensitive to grazing pressure, but exhibited a slight
trend toward a decrease in sedges and an increase in grasses under
 
continuous grazing. Analysis of moisture 
 zones showed no significont
differences in percent the floor wasthe of vally that wetland or sub
irrigated. Subirrigated meadows provided the most desi able forage
and were the most sensitive to grazing pressure. A more palatable and 
cigestible -orage was available tnder deferred-rocation grazing with a 

',rentage composition of grasses and succulent forbs. Subir
rigated grazing zones should receive special ,ttention in the develop
ment, implementation and monitoring or management of riparian habitat.
 

Bacterial counts exhibited significant differences for some groups
between grazing treatments for each stream. However, tiese differeices 
were expressed as higher counts on the continnois allotment ii one 
stream and as higher counts on the deferred-rotation allotment in the
other stream. A significant difference between wasstreams indicated 
during the grazing season of 1979 for all indicator groups.

The apparent contradictions in bacterial responses may be ex
plained by differences between streams ,,nd treatments in the numberof beaver ponds. For the stream with approximately equal water im
poundment for both grazing treatments, deferred-rotatioi, grazing ben
efited water qualit • with significantly lower bacterial counts. The 
other stream system with much greater water Impoundment showed signif
icantly I,)wer couots ol the continuous allotment. This stream minder 
continuous grazing Iad a greater number beaverof ponds than under 
deferred-rotation grazing. 
Beaver ponds benefited water quality by

filtration and settling ol organisms in water.
 

Key words: Grazing systems, ca..le, riparian, watar quality, beaver. 
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Creocotebushl5-5-3 Interception of Rainfall by 
(Larrea t ridentata) 

Jolhn . Trolible 
Rante, ew Mexico, U.S.A.Jornnda ExperimcnctalUISIA-SEA-AH, 

of this study was to examine intercept ion by'rihe object ive 
Coy.) of artificially appliedcreosotebushi (iarrea tridentata" [DC.] 

rainfall for improved understanding of this pienomenor' in hydrologic 
near Las Cruces in southern processes. This research was conducted 

were collected 	 to obtainNew Mexico. Forty-four creosot ebush shrubs 
sample of slicub size classes. Simulated rainfall a representative 

was applied at the rate of 6 cm/hr. Measurements taken on each 

shrub were: 1) shrub height, 2) canopy area, 3) shrub volume, 4) 
6) green weight of stems, /) C,,en-drynumber of stms, 5) leaf area, 

9) oven-dry weight ofwei ,ht of ,:tenis, 8) green weight of leaves, 

leav2 , Lnd 10) shrub green weight. Shrub he ight and tie maximum 

and sinimum diameter of the crown canopy were measured for 

and M;hrub volume. The shrubs were severed
determnn g canopy cover 
at the base of the stem, weighed, and 	 placed in a metal holding 

after 30 minutes of simulateddevice. Shrub wei)ght was again taken 

rain fa 11 and t It, di f ference in wei ght reco 'ded as t fie amount of 

that was intercepted. Canopy cover of tie creosotebushrainfal I 
community was determined from 10 30.48 meter ( 100 ft.) line 

transects . A s? epwise regression analys is was perfor-ed on the data 

to determine from tte col Iect ion of independent vari ables which have 

the best relat ionship toc the depeiii'nit response variable. It was 

that leaf area 	 was most iighly corre lated w'0hI ccinfal Idetermined 
area, andfccl lowed by tih,' nuimber of stems, crown canopy 


tihe wei 'At of the Oien-dry leave,;. The average intercept ion
 
shrubs was 1.2 gs /cm 2 expressed
 

intercept ion 

apacity of the 4", crcsot ebush 

in grams of wit,,r hold pir nlni area of 
 crocwn canopy. 	 'rite average 

was 10576leaf a'eoa per shrib including both sides of the leaver 

cm . Exprssing2 te amint of water intercepted as a funct ion of 
2 

leaf area shows 0.54 gs/cm. The annual rainfall in the 

is proceCId from storms of small amoccnts.souLhwesctern United Staies 

'Thus intercept li iy dese rt shrubs is of significant importance 

since a high perccntaige of precipitation from these storms is "lost" 

duO to intercept ion and subsequently eval, :ated back into the 

aticsphre. Forty percent ccf th(, artificially applied rainfall was 

For the nat ive stands of creosotebushintercepted by croosot'csh. 
loss of rainfall by intercertionLthaL had 30 p1 rc crowc ccver the 


would qctcii 12 percent . This clearly demonstraites that light
 

showers do I ittle to replenish soil water.
 

Fey 	 words: interc-ption, creosotebusi, Larrea tridentata (DC.) Coy. 
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5-5-4 Util" ion of llydromorphic and Alkaline llydromorphic 
Luils 
in 	Sap Vojvodina by Establishing
 

Cultivated Crass land
 

B. iskovic, P. Eric and Lj. Stefanovi6 
University of 	Novi Sad, Yugoslavia 

Hlydromorphic and alkaline hydromorphic soils are heavy and
unsuitable for the growing 
 of 	row crops. Such soils have poorstructure and water-air properties rendering the cultivation expensive. The establishment of 	cultivated grasslands . nd the production
of 	 fodder lasts for 4-5 years, requiring smaller expenses than those 
necessary for 
the production of 
row crops.


Four-year experiments, conducted on hydromorpiiic and alkalinehydromorphic soils, included four varieties of grasses and three
varieties of legumes. Yields, 
 chemical composition of hay, and
effects on some physical-chemical composition 
 of hay and soil prop
ertivS were examined. 

The results obtained indicated that cultivated grasslands are a rational form of utilizition of swampy areas for the productionof 	 fodder. l)acty is glominera a L., Arrhenatherum elatius L. withMedicago sativa L. ond] Lotus corniculatus I. showed the best per
formance . Fes tuca 
 pratensis hiuds .,especially L. corniculatus L.,showed the bst reaction to the occurrence of surface water for theperiod of weeks.4-6 Birdsfoot trefoil was the most resistant to
drough t . Average annual hay yields were 81.0-89.89 il/ha hydromorphic soil and 97.20-104.20 

on 

q/ha on alkaline hydromorphic soil.
The biggest respective yielhs were 126.2 and 
 132.7 q/lia. The overall 

average w,,s 109.33 q/ha.

Cul tiv.,ed grasslands improve physical and 
 chemical propertiesof 	 the examined soil types, especially their structure and water

air properties, securing a more successful Cultivation of 	 row crops
in rotation.
 

I'he,g, rophytocenoses of grassland type 
 are a form of long-termland use. They regenerate well confirmedas by 	 3-4 cuttings ofexcellent fodder yearly, crude proteins content of 16-17% and good
digesti li it'. 

Cultivated grasslands onl hydromorphic and alkaline hydromorphicsoils not only se*cure the production of fodder and improve piysic-l
chemical soil propertie; but also become an important anthropoeco
logical factor in the improveiient of hlumaji environment. 

Key words: hydrolmorphic and olkalint: hydromorphic black soilb,
problems of utilization, cultivated grasslands, fodder. 
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5-5-5 Simple Mixtures for Dry Mountain Regions: 

Relations Between Tall Fescue and Birdsfoot Trefoil
 

G. iausmann, R. laoletti and C. Locatelli
 

Instituto Sperimentale per le Colture Foraggere, Italy
 

of great interest, especially for the
Grass-legume mixtures are 

central and northern Appennines with q,.nmer dry season.,. Birdsfoot 
fescue
trefoil (Lotus corniculatus L. cv. Franco) and tall (Festuca
 

and in purearundinacca Schreb. cv. Manade) were used in mixture 
Our objectives
stand at the experimental farm of tile Institute. 


were to fix the seeding rates in mixtures of birdsfoot trefoil and
 

the more suitable method
tall fescue, with particular attention to 


of sowing.
 
were seeded in mixture and alone to 20 seedingThe two species 

treatments, as follows: 

a) 16 mixtures in alternate rows of 12 cm, given by factorial 

four seeding (5-10-12-15 Kg/ha ofcombination of different rates 
tall fefcue).birdsfoot trefoil and 5-7-10-15 Kg/ha of 

species 1:1 at the highest seeding
b) I mixture of the blended two 


rates (15 Kg/ha), in rows of 12 cm.
 

c) 3 pure stands, 1 of birdsfoot trefoil (15 Kg/ha) and 2 of tall
 

fescue (15 and 30 Kg/ha), in rows of 12 cm.
 

The experimental layout consisted of a randomized block with 2 

four replicates giving 80 experimental units, each measuring 2.4 m 

The trial was carried out during five years (1975-79) without 

cut was dried (105°C) and weighed;irrigation. The harvest of each 


yields of mixtures were parted into their components.
 

the collected data demonstrated:Analysis of 
I) a significantly (57 level of probability) higher yield of the 

mixtures when compared to p,,re stands of the two species (61% 

average percentage of the legume ini the establishment year and 10% 

in the fifth year); and 

2) significant prevalence of the mixture seeded in blend over all 

the 16 treatments of mixture in alternate rows (54' being the 

percentage of birdsfoot trefoil in the establishment year and 14% 

in the fifth year).
 
were shown to be
birdsfoot and tall 

very significant not onl- because cf their high yielding but also 

for the quality of forage. The presence of the two different species 

secured a bulk o? good fodder, and stability ' production as well, 

Mixtures of trefoil fescue 

during the vegetative season. 

Key words: mixture, pure stand, birdsfoot trefoil, Lotus cornicu

latus L., tall fescue, Festuca arundinacca i'chreb. 
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6-1-1 Strategies of Warm-.eon Grass 
Seed I ing Deve l opment 

University of 
I,.E. ,>)ser -Ind C. 

1Ubrik. : n l ive 
. Nelson 

Ity of Missouri, U.S.A. 

Establ ishment of warm-season prairie grasses is often difficult.
because of slow seedling growth and weed competition. Research was
undertaken to compare seedl ing development of four perennial warm
season grasses with that of a vigorous annual grass, giant foxtail 
(Setaria faberi llerrm. 

Big bluestem (Andr-opogon gerardiii Vitman), switchgrass (Panicumn
vicartuv, L.) indiangrass ISorjhas-trum nutans (L.) Nash], caucasi-an
 
hi ,cem [B o t hr ioch1oa c.auca ica lubh] and giant fox-(p-r in.)C.[E. 

tail were germinated on filter paper and transplanted to a green
house. 
 Leaf extension rate, collaring (late and leaf length were
 
measured daily. 
 Carbon exchange rate (CFR) was determined. Plants 
were harvested at two morphological stages,and yield components,
leaf area and tiller numbers were recorded. 

Giant foxtail, the most vigorous seedling, had a very rapid
leaf extension rate, developed quickly and allocated a major portion
of its assimilates to the above ground portion of the ma in shoot.
Very little tillering occurred up to the eth collarel leaf stage.
Big bluestem and caucasian bluestem developed nearly as quickly as
giant foxtail but the leaf extension rate was much slower, leaves
 
were shorter, so much less photosynthetic area was present at any
morphological stage. Caucasian bluesten produced a large number
tillers at an early morphologiical stage and, although small, addi-

of 

tional photosynthetic area .,, developed. Big bluestern allocated 
more of its assimilates to the root system and did not tillcr as
much as caucasian hluestem. Switchgrass and indiangrass developed
much more slowly than the other grasses and took longer to reach the
6th and "'th leaf stages. Once they reached the 4-1eaf stage their
leaf expansion rate wa, intermediate hetween giant foxtail and
caucasian or ig hiluestems. Switchgrass tillered more t1, hil blue
stem. Caroon exchange rate was lower !or giant foxtail aiid caucasian 
hlues tem than for the other grasses.

in a hreeding program selecting for rapid leaf elongation rate
in caulcas ian bluest/em 0nt big hluestem could result in greater seed
1ing vigor since more photosynthetic area would he produced early.
Switcrgras and indianrrass selected for rapid development prior to
the I-leaf stage with the same or greater leaf extension rate that 
occurs later in their development could result in greater seedl i
vigor. Selecting for CER 'n a wari- easnr grass breeding program
probably would not resu lt in great.er seed 1inq vigor.
 

. 'r'irlii itrn, 
, , ",uiti1]un71 v i r t utm L.. , liio-tuhu l,-( -a lcs, C ,-, 

K,' ,,r,h;: .rpei' . r'Iuhu;i rri err-lt (1..) 
;I'm I 


(Irii. . )r;.mit 1 . S~i-i r [fotr ul. , I e'; f prowtli
t i IIrcri g, c;Irhon ,::chlu i'' r-ro 
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zand Juvenility in
6-1-2 Flowering, Seed Formation 

the Effect of Climatic Factors
Stylosanthes guianensis: 

R. L. [son and L. R. Humphreys 

University of Queensland, Australia 

1. Stylo (Stylosanthes guianensis var. guianensis) 	 is a tropical 

pasture 	 legume with a short-day (S)) flowering response in which 

in the minimum length of phlotoperiod reselections show variation 

quired for flowering. Evidence was encountered that the SD response 

by temperature in dif ferent selections. Thisis modified variously 

interaction was then studied with respect to (1) the passage of the 

juvenile period before plants respond to SD cycles, (2) time of floral 

initiation (FI) and (3) the flower appearance (FA), (4) inflores

cence differentiation and (5) sced formation. 
the island of Bali at similar2. 	Stylo selections were grown on 

m and alsolatitudes (c. So 30'S) at altitules of 10, 285, and 1000 

ill controlled environment cabinctis and glasshouses. 

3. Selection variation in the length of the juvenile period and 

in the effects of day and night temperatures on the 	 passage of juve

nil ity is described. 
Ft at the cool hligh-altitude site was earlier in cv Schofield 

and cv Endeavour, and later in CI'I 34906, than at the warmer low 

tin of FI in cv Graham and cv Cook was independent of
altLtu les; 


during the period of Ft in c,,Schofieldsite. loalltempratures 

were ".2, .4.6 and 2f).6 
0 C at the three sites, where Fl date varied 

by 84 days. F lowering of cv ScLhffield was incomplete at low alti

tude . Cool temperature promotion o FI i in cv Schofield a Iso occurred 

in 12-hr day cabinets at 18' and 21o relat iv' to 24o and 270C.
 

The duration of the phase from F1 to FA was usual ly (hut not
 

invariably) r.lateI neg-atively 
 to te.mperature. In cabinets days 

cv Cook was 	 related to temperfrom seedling ,mergenice to FA (y) in 
0
 man V = 1,38-22. 3x + 

ature (x) over th, rang, 1 to .. C by t.he fuct 

0.35:, la,rgonc, to FA in cv Schofield was little influenced by 

ihcatse of tm opposing ,;ffect of teimptrature ol the 
temprature, 

early and late stages of de.velopment.
 

and cv
was maximal at 24"C in cv 	CookI uflorescence density 

. In the field, low infloresconce density in cv Graham 

highest site was allied with enhanced floret 
Endoeavour 
anditcv Endeavour at the 

number per inflloresce.nce. llowever, cool temprature's dIlay. floret 
1 

maturity '11n1 increalse , flort abort.iOll. 

S e( yields in the field "sre sensitive to weather during ri

i,, l w,,re obtarin l frol cv 1:nld,,avolirpening; the h;ighest vi 1!; 

61() kg l ) and cv (;ral;m (1D)M t. ; i ) at ti.he lowest Bali site. 

!. An uimdr ;i.ld i ng of til cli ma ii cont rols of flower i ig and 

se,,d formatiol helps to def in, ti, d istricts in which plant replace

ment from so i I ;ed eserves ma'.' cr or whicl are 
 so iteld to seed 

mu ipl ication. Cool tirp.,r,'liuires promo e th, flow-,ring" of cv 

Schofield in .quatorial latitudh'os where ,lay 1,nlti is oth,,rwise 

marginal for fIlow,,riu , but ihs inhibit the flowering of other
 
selections such as :1 5/1()6. 
 lhw, cult ivars (;ralam, Cook, and 

ar. acapted 	 to a wihIr range of environments.Endeavour 

Key words" 	 stylo, Stylosarthes giaLnensis, flowering, photoperiod,
 

t'mperatur' , IIve i ity.
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6-1-3 Clima tic Influences During Flowering on SeedmDormancy and Seed Pormat ion of Stv'losanthes hama ta cv. Verano 

P. .1.Argel and L. R. Ilumphroys
tInivers ity of Que.n;land, Australia 

Effects of variation in temperature, soil moisture supply andi lluminance on the seed dormancy and seed formation of Stlosanthes 
haim,,ta cv. Verano were studied.
 

Plants were grown 
 illtile open in successive seasons, in controlledtemperature calbinets, 
and illtile glIasshouse Where Shladillg and watering
treatments were varied after tile onset of flowering.
 
Ilardseededness 
 was strongly developed and was positively relatedto tile temperature seed 


the maill factor governing lhardseededness 

dultiring formation. Seed moisture content was 

after seed maturation, andthis was negativelv associated with temperature during, seed formation.fligh levels of hardseededness developCd in all seeds when seedmoisture content was helow c. 7 per cent, but the equilibrium moisturecontent of seeds stored illatlospheres of varying relative humidityweas modified by telperaltore duri ng seed formation. This lelps to
expla illvariat ion illhiardtseeedness, dile 
 to the di ffering provenance
of seed lots.
 

Seeds formed under hi ,li temper:iture had ligher contents of 1 gnin(which was concentr;ated illtileconlter pal is;lde cells) and of hiemi cellIloSe, lower cotitets 
of celi ulose, and shorter palisade cell..;CUt ill COlntent w;s illdepenll.llt of tnemperat lwe. The seed coat of hard
seeds exhibite d a more r,,i'iilr a1d Orl'l;i iso triuctiire andia more
evenly reticulate siiifaice than 
frol dark to li hit as 

that of sol seeds. Seed colour changed
t empera tore of seed formation decreased from27) to 21'(:, but hr'dSeeediiess was found to be unrelatoid to seed
 

coi1 I) ,,, ,'.
 

Emnb1ryo dormaIicy ias t ralSitore and little developed. An inhibitorin tilepod or te-Sta restricted germinat ion; tiis was independent ofclimatic conditionls dingiii 
 seed format ioiiand iec reased after 120)
day's of' seed storage. liormanic "vwls Ino'e 
stroll,lY developed illtihe
hooked upper ait iicilat ion than ini the 
lower hookless :irticilat ion. 
Shol't iir"atio lS of soil moisture stress which reduced leaf waterpiotetial to minimn values of' c. -25 to -28 bars, and shading treatinetuts which reduced i lumi ance to c. 20 per cent of full dayli ,lit
reIdlced seed prl'oduct ioll,but ha'dse dedne;,';ss was 1iit cons istent ly


relatedo ti these treatumemnts.
 

Time of blooingJI rate of fhioret 
 ippea rnce, total floret ill
fiere(iat ioln, durat ion of floi,'crini, ftlorct abort ion, lower articulationformat ion and ti me toIpo)0 rmaltirity were selisitive to temperat iirecond it ions.si. Sed ld was maxilnual I1/".l1N"at 

.%:'- cv. Verano is a short-lived plant, and tie persistenceof yield depiends upoii cointinuual plant rep]:icement from soil seedreservs . 'flie level of, seid prodict ion and of hardskeededness areincreased he warm collditi onis dir log 
f owiri ti, :ili s factor favoursand may eveh restrict its adaptat ion to (Irv t ropical environments. 

iKuy words: St losanties 
t ii 

hamata, V'eranio, seed dorrmancy, climate 
emr-t 
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6-14 ecliaitefof Tiller Formation of Perennial> 

s&Panicoides and Eragrosto3dO5>"s
 

I. S. Beliuchenko' 'A " 
Pepes'Friendship University, Moscow, USSR 'i" 

~ 
The main aim~ of the work was to systematize the data otntiller 

thle 	 sub-~~formiation'in prennfial Panicoides and Eragrostoides with 
uses of separate
'''>sequent substantiation of the peculiarities of the 


to study

species and ~vital~forms.' objectives of 'the work were: 


order the 'data according to tiller forand 	branching; to

'~"tillering 


of' tropical' grasses according77"intion ; and to classify the v'ital forms 
anfd Irational use..
 to their, evolutionary important 'characters 


18 years we studied tiller 'formation and vital forms of
~ '~~"For 

of the flora, species found in the~southern regionstropical grasses 
of thle USSR (10 species)'and in Cuba~(about:'80 spec'ies) using herbar7 

a-wll asliterature-'ium -f0 Eat Africa- and--the-Pacific-Islaflds, 
wcre taken regularly in.stitonr sown-areas''dt.Observations 


and periodically under natural conditions by collecting plants in,
 

'certain vegetative stages with' subsequent morphologicaj 
and in somej7~
 

cases anatomical, biochemical and physiological analyses
 a high
~Transition of plants' into tillering is accompanied by 


degree of'.dry mate accumulation, activation of nitrogen (protein)
 

metabolism; 'phosphorus. (particularly: organic) 'accumulation 
in
 

tissues; increase in respiration and photosynthetic rates, etc. 
during 'vegetative, reproduction' as.similar t~endencies were observed 

well. Growth coniditions oignificanitly influence the tillering ha*bit.
 

In the process of tillering and branching, individuals of"
 

tropical grasses form generative (rosette, nonrasette), latent
 

4. 	 generative, long vegetative (conditionally, temporarily, occasionally 
' 

sterile, developed, underdeveloped), short vegetative (conditionally, 
above, ground tillers'
temporarily and occasionally sterile),,lateral 


stolons (groundutdrgroundground,above-ground forms), 
and stolon
 

like tillers and rhizomes (short metamere, long metamere, "real" ~Id 
"junreal"). 'All types of tillers differ in'vegetative period, struc- '> 

ture, phytocoenotic roles and feed value.'rTaking into account species 

and individual variation, perennial Panicoides and Eragrostoides are' 
rhizomic
~'' classified. a'sfollows: rhizomic, rhizomic loose tufted, 

tufted,' loose tuft-stolon formative, and
talon formative, loose 
compact tufted. 

& Tropical grasses are distinguished by three main types of til

bering zones (non-speciilized rhizome, distinctly, detached and 

having certain connection with parameters of coleoptilestretched), 

and 	epicotyl; uniform 'and interrupted formation of tillering zones,
 

acrotonic, mesotonic and basitonic tillering; marked differences in
 
and' the diversity of
the 	tillering habit of different 'tiller types; 


The 	peculiarities of tillering
the 	tiller-types and vital' forms.' 

feeding value.
 are 	associated with difficiences. in spreading and 


Key 	words: Panicoides, Ergotietiliering types.
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Its Gol-minat itm and Fa l h C;.wIharat".rJt ics
 

) .' .K" " , ,q I .J . " , mid C. .\ b ' Fi! .1 Pav~k 
Set l National lfniv,'r;itv, . hVi"Na miii;i(liv 'rsity, 

:m1 Chim:him.1m i.m.liiiV ,r iL , K rea 

Seombadi(yhsta eniP t,-keimana(hakai) Kitagawa) isa member of the Aciaccae(Umblliferae) family and is
 
ecologically adapted 
 to the island of Ulneung., situated160km off the east coat of the Korean peninsula. Theplant is an important for'ige for livestock on the island,
but~bccause of a lack of knowledge about its -,erminationh
and slow establishment characteristics the sowing of the
specias on the mainland of Korea has been only on 
a
 
limited scale.
 

Phe objcctiv(,s of our studies were to examine the
seed cl:aracteristics and, factors 
 affecting germination
of seo'ibadi, and to evaluate the depletion of seed food
 
reserves and elon-h-tion of orgeans of seedling s during

7erination and initial seedlin[r periods.


Lipid'.; made up 23.7) of 
 the total dry material inseombadi TedsLhe imbibition rate of the seeds withwings intact, wints removed and KOH treated for 5 hours
 
werJOe 'IC uld 56 respoctively. Removal 
 of the wingssi-nificantl y imprioved ' ermination. ,ections of theseeds showed waxy layers between the wings and seed coat.Gerrmiination tests showed an incr ase in germination
Peraenta e with increasing seed wei,ht. Seeds lost theirviabili- rapidly 45 days after harvest and gezmination
reduced to 0, a'fter one year. ."i,ht neither inhibited nor improveI :,ermination. With hi h temperature treatment the percenta e ':ei'mination was increased from 4-43
to 1 1.3 . Soakinit the seeds in water for 6 with
days

the wing-s removed increased .-ermination.
 

iThe higher imbibition and germination of seombadi
seeds after wings removal and with the seed coat weakened
hv mechanical and chemical treatments indicate that the

wings and seed coat contain a high percentag-e of wax

whici. might inhibit [germination of the seeds.

Keedling fgrowth in seombadi is slower than in alfalfa
and orchardgrass. 
 Of the species examined seombadi

recorded the least loss of weight from the seeds during
germination. 

As a result of these studies, it is suggested thatthe establishment of seombadi under the mainland environments could be improved by hastening germination with
mechanical and chemicil seed treatments. 

Ke y W;,id:;: ,,m,.i j',,; :m ii , ci:,rat I a t mcmi 
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a SilmI] ated Midwinter Tiaw 
6-2-1 Responses of 0 falfLa to 

Michio Suzuki 

Station, Agriculture CanadaCharlottetown Research 

treatment, under 
Effects of a freezin,-waterlogpp ing-freezing 

oil the percent survival and 
controlled eiiv i ronimlnta coIndit ions , 

of carbohydrates, proteins and
the concentrationvitability, and on 

,determinedMedicapo sativa L., wore 
anaerobic se.tabotiLes of alfalfa, 

a Ilfa I fa to ii dwiIIt, r thaw. 
to assess'; phys iolog ical responses of 

more resistant to freezing,frois a field were 


less resistant to waterlogping, 

Alfalfa plant ; ,aken 

than those grown in a green
but 

typet's of plants sustained i;iclimort sev,,re damage from 
house. Both 

tliail from the waterlo ,ingl, 'fhero was a con
the secold fring 


dcrase in freezinp re,;istance 
 during the waterlogging.
siderabte 

melabol ic chalnges5 occurred 
to the stress treatmlnt , someIll responset 

and methanol,
inlt la lfa roots, such ;i ; all accuiiulation of ethianol 


a decrease in 
 total available! 
as iSolbili ation of proteins and 

to freezing
carbohvdrat"S . Thse filndiii';l g',est that rt;i sLance 

most cri tical factor for
after waterlogping is theimmediaLtely 

surviving a midwinter thav. 

I.., winter hardiness, winter!d saLtiva ,Key words: aI fa La, ' icapo 
freez ing, ethanol , sol te protein.

thaw, water Ogging, 

186 



6-2-2' A Relationship Between Plhysiological, Waterlogging.Injury~j4~ ~. .~. 	 ndRoot Nonstrucitural Carbohydrate in Lucerne~c 

D. Cramshaw
 
'~>pQueenslandDepartment of Primary Industrices, Au stra±- r, 

to Physiological waterlogging injury has proved elusiv;e' due to ~i~ 
factors which include stage of regrowth, temperatu'e, severity of

""'waterlogging and the presenceof confouniding root'ath gens.T
Recently defoliated lucerne is particularly s'ensij ive to y 

' 

~4aer'o~i'g nda contemporary interpretation 'impii~cates the j' , yr'educed leaf area available for gas exchange. ' Concomitant ,with<' ;cs~hoot regrowth after defoliation, however, is the sequence of A


depletionv and accretionlo ,flabile root carbohydrates'. It can be
hypothesioed that root carbohydrate status'mayifluence-.the.

amono'~cXiiardisruptive products formedduin ziaerobic"T"
metabolism.~ The objective was to. explore relationships between,waelgigijr, otcroyrt status and 'shoot growth in J 

<~-, recently defoliated plants. 2
Cultivars Siro Peruvian, Hunter River (Medicago' satifva L.) and
,nalkabout(1-.falcata L. Y, M satiaL) with 0, 8, 



oah" 	 , 12

and16aysof r-egrowth,wr7uassessed for 'injury after 15 days


of waterlogging in pasteurised soil at 32/240C. Plan~ts 
were 90 +&, 8 days old grown in free-draining pots before waterlogging,,sowing Kbeing sequential over 16 days to permit simultaneous waterlogging
of the regrowth treatments. Waterlogging was achieved by
immersing pots in water maintained 2 cm below the soil surface.Root and shoot characteristics immediately before waterlogging were

determined on 
replicate plantings treated identically to those


terlogged. 
r ~ Tap-root carbohydrate contents before waterlogging variedbetween 21-110%, the lowest contents occurring for all cultivars

in plants having 12' days regrowth, and shoot (including the crown)

1
'~~~dry matter ranged between 0.06 - 0..30 g plant- . A negative,'

linear relationship (r = -0.90) common to all1 treatments was found

between root injury, expressed as the relative reduction in

tap-root weight during waterlogging, and the percentage of total

non-structural carbohydrate 
 in the tap-root at the commencement ofwaterlogging. Root injury was poorly correlated (r =+0.50) with.

shoot weight before waterlogging.


The regrowth examined mostly
stages were confined to 	 thecarbohydrate depletion phase follcwing defoliation. F'urther
study to determine if the relationships described might also apply

in the carbohydrate accretion phase of the regrowth cycl-:appears

warranted. 
A more comprehensive understanding may prove invaluable
for devising irrigation 'strategies to minimise injury, for

determining 	whether real differences in genotypic tolerance exist

and for doveloping selection methodology in breeding programmes. 

Key words: 	 lucerne, M. sativa L., M. falcata L.,

waterlogging, root carbohydrate.
 



F looding To lertiCe ofComparait i ve 	 .6-2-3 	 TIro~pical Pas t. ll're LOW_ 1ttl 

p. 	 C. Witt emai, , t .it 1h I, o i, :nI. I. Siregar 

Ifil rve;itv Of Ql,.,il; Il ,I , Al'; tra lia 

legimes 	 can beGrowth attd terlsi'tclce of itty tiropical pasture 

limited ivy floodiig or watirloggi p. ,electiott of tolerant species 
lowland tropics.

is important for pastur, development in fil' 'Itoi id 

proj ect was to compare tOe I'looding tolertnce of 
The a im of thi i 

seveti t ,op ical IpI;ttt'c legules nd to det ermine whether the pot 

roprodc iIlol Alld rIlevantt to tile field
technique oI dove loedw,; 

Situat ion. 
start 	 of' flowerilg were

PlIants 	 ero 1 rown1 ill pts and at t hto 

rature 	 and oxygell
tloodCd to 1 CiiII1)ove so i I Ieve I . Wte eml 

r lIII' v. Sets of 1 tlliforill pots wore removed 
Conten t was i'ltI t t "t'l 

,t ILt'1', 14 orf 2 1 dav;, and af t er 7 days re,covery' tho dry we i ght of 

Of' tile 	 flooded lld latCItd sets of t1Oit- flooded 

t io of Ir" We i ,lt ftlooded/dry Weight
t OD 1 	 t', )t '; :til todole; 
controllt 	 s w ,01 COiiilrd. ' ill( 

c . Tihe st ,'i'iS were tliked ;is
l wa, i llt x of, tolclorlo
coIt 

'i opti ilillo It-hyrtoidet (1.01 andl 
 .87),
t'ollois :0%'A. v1.1,%.IIOS hia o IIj) i d es, ( 0 . 70 ) , St IJosj il hsz
1). I[to rt11n1 (0 ." , P)lh rr;I' : , 

it 	 II(it.- i .). (b lIJt ' Itt i l tI t 1 j-01) oreu ,) , Iloet roso lla 

Otl s:11td:; . l llo 	l ., iic i Iattim (0 . I
 
in c I' od in tI ;1t ; oltor 'ro;wt It.
 

-guiTIL'ItS 

It 11 	 'ore l-f "-'d 1 

it llv r,;lut d i, ;tIil I StpooL('" xc I t.lv 
. o t 	 'r 

' Od l~l t I) t , I dr 


i' i e . Ih1cl pt !i 
o 

i oft ,1t. l 1 l .1iro _ d ; Its - I at ed tIo a rtpid
 

VC t it i ltt iot itt h t P it i tr., itd I'tei ltld rip it(

l ill 	 t' -ifl iIso rapidt ar.d~l (If itd tIt 'I" ; . D/. tlll i au hadh (, 	 or1'01(1,1111 A I IOll I) f lt IL- ;Ill 

ti ii l T1 e i ' iti io root 	 lrtetnr-C! -til l rankings, tIwk-t t a pr oduction reptro illt- ;in tilet ck-h11I (j 	 t. ,.lIl)(';lrCd to y itld IT, lrOdulCil)IC 
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6-2-4 Salt Grass (Iistichlis sicam;) as a Potential 
Forage Cr-op irri g ,tel w it Sa I toe Water
 

David G. Lugg, (;ory I,. nina,,irm and t R. Kemp
 
New ,exico State Uhivetrsity, !.8. A.
 

There is ali increasing demanld for water for urban and indus
trial uses as well as fot irrigated agriculture in tie western U.S.
 
Much of the water availabie to meet thiis dematd is in tnderground
 
supplies, but a large proportion of thi; water is sal itiC. lesall ni
zation is costlv at present and needs a large Input of energy; it is, 
therefore, important to develop crops that can telerate high levels 
of salinity. A species that may have considerabt, potential as a for
age crop is salt -rass(Dis'_t_(cli is sl)icata) . Tii s spec 's is common 
throughout the I.S. in lrackish ponds and salt fit, and Iao; been 
observed to glow in soils with salt concentrations from IN10 to
 
M6,000 mg/liter Total Dissolved Solids 
 (TDS). Salt gra:s is consumed 
by range livestock and from samples taken from rangeland it has been 
shown to have a forage (pality similar to early-loom timothy hay.
 
Dry matter productica in salt marshes has been 
est imated up to 6.5
 
tons/ha.
 

Salt grass fixes C0, by the C, dicarboxvILc acid pathwat,' and
 
sttudits lave It-en initiated to 
dett-rmine its iesponse to increasing

salinity. Plants were grown at 3 sallnities (6, 15,000, 30,000 mg/1i

TDS) and two temperatures (35oC liht/25 0 

C dark and 25/150C). !-hen
 
salt grass was grown at low salinity (0 mig/i TID), it e:.ithi'ited very

high rties of net photosyathesis (PIt) up ) to 70 rigl C02/dtn2 

/hr, and
 
did not become light saturated und, r full sunli ,t conditions. At
 
the low sal ini ty, Cite 1)'ants growiiunder the lii hter temperatures ha,i
 
higher rates of Ilt. lhet plants 
were grown at hit h salinity

(10,000 mg/1 TS), rates ,f On weteILe , but 
 stil reached 23 mg 
C(2/tdr 2 

/lr. The decreased I'n with hilher ;alinity was a f.iction 
of increased stomatal resstance (r,. ) for the p'itits grown at 35/
 
25 0C . Si tice tie ;tomatal dentsity rt-m ainc. dh 
 same, it w, s assumed
 
lha there was a cliaig,-
 itt stomatal apertu-e as al initv increased. 

lowe 'er, for plant growit at 25/150(:, Pt decretsed a!-s a function of 
loth itFreoseil t and incteasetl mi-sophyll resista- a (-m). Stomatal 
dtnsity dierease , SO tle increlse in r ; could be .,rtlv attributed to 
this. leaf thickiess -iid the r-Itio of the meso iyll. area to leaf 
aliea (d not clatwe wi tIL iti,:reased sallnity, s, the increase in r m 
was lot attributted to these lut rather to bioc),emical chainges. The 
response of ;al ,rass to increased sal iity was therefore partly doe 

a both phiel I inoical and io liioloj, cal changes, .nd there was an 
init-liaction betweetn temiperature atnd sal inity. 

Salt tsras was able to maintain high rates of P at high 
sal iti ties and aplatrentiy (,ain produc,- a considerale qitantitv of 
itor;e of retisotable aiityl it.. Accordingl'y, field plots are being 

tabl sithed to determiite tl ft-tasili I it% of usi tg salt grasn as a 
forage crop irrigated with sal in,- water. 

Fty wortis: s alt grasts, D)ist il i ; :)il ata (..) Gr-ene, salt 
tolerance, photostlithesis, stomatal resistance, 
mesophliv I reis tlice 
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6-3-1 Response of Si 'atro (Mcroptilkum 
atropurpurel.) to Water Stress 

M. 	J. Fisher and M. M. Ludlow 
astuires, C.5.1.R.., Austii

Division of Tropical Crops and 

Si rat ro (Macr opti lium
The twining per,,nnial egume 

is one of the most successfu plants used in pastures
a trpuptreun) 

tropics and subtropics of north-easternin the seasonally-dry 
are commonperiods lHst ig 	 many weekm;Australia. Because rainless 

well adapted to 	 withstand
in this region, the plant is necessarily 

Fli purpose of these studies was to
periods of water stress. 

nriderstarid wh i ch adapt ive characters cot r ibute to its success.
 

field and in controlled environientsSiratro was grown in the 
easo remerits were

and subjected to a seiuiierrCe of water stresses. 

made of tissie water relations, leaf gas exchange, ]eal movement and 

leaf energy balarice 
Part of the succes! of Siratro is undoubtedly due to its 

avoid the effects of s tr-ss by maintaining leaf water
ail ity to 

-20 bar, while grasses grown in associationpotential greater than 
lanicumnmaximum var. tri chogljme) are

with it (Cenilrs ci] iaris ad 

about -60 to -80 ibar. ihis high 	 degree of avoidance is essential 
tissues of Sir:tro were not able

for survival because we found the 

to t,, Irate leaf water potential less than about -24 bar. Siratro 

sI i ght changes in its water relations and its stomatal
made on!, 

to a variety of water stress treatmerts either response ;ien exiosed 
the fi Jld or in controlled environments.in 

Siratro has three main mechanisms by which it prevents leaf 
relativelywater deficits from developing al by which it maintains 

high leaf water statiis. 
- Good stomat'l control over water loss; the stomata close at 

also close in response to
relatively high water potential, nd 

fall ing atmospheric hmidity . "dlependent of leaf water 
potential . 

- Paraheliotropic leaf movements by which, the Ilaves of stressed 

plants ari able to remain substantially parallel to the rays of 

the day. Pa rahel iotropy operates to
the sun throughout 

the !:aves and carl result in
minimize the radiation received by 


the 'eing 8- 10C cooler than leaves held 
 horizontal when 

stress. This in turn reduces theplants are experiencing water 
"ind the air, and vapour pressure gradient between the leaf 


hence reduces water loss.
 
- Reduction of leaf area, which 
 reduces the amount of transpiring 

wter :;tress increases, the oldertissue. As the level of 
thicker, dark greenleaves are shed; new leaves are sial ler, 

and ha i ry. If stress coninuts whoile branches die until only 

most of which i; inder the soil surface.the crown remains, 
these mechanisms allow Siratro to

We conclude that althorgh 
avoid severe leaf water deficits in miany circimstaies, its 

to withstanl leaf water potentials less than -24 bar makes
inability 
it vurl riira l e in extended fry periods. Although witer loss is 

occurs and the tissues will ultimatelysome loss still 
1vel and fip. We believe that incre..ying theminimizeI, 

reach a criticil 
ability of Siratro to tolerate water deficits would increase its 

survival and expand its uti li ty. 

Key words: Siratro, Macroptilm at ropurjlreium, water stress, photo
adaptation.synthesis, water relations, leaf movement, 
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6-3-2 Effect of Light, Tomperatur,: and Water Stress
 
on Net Photosynthesis of Honloy ie;qui te
 

J. I). Hanson
 
USDA-SEA-AR, Hfigh Plains Grassland; Research 
 Station, U.S.A. 

Htoney me.quite (Pi .q1-;i"du!.oa Torr. var. glZadulosa), a
woody n~rennial of the Leguinosae, is adapted to a broad range of 
envtillsertal c-onditions. Results of net C02 assimilation rates (P
for in oit me.quite have been reported in several papers. These 
studies of 	 .n s'tu mesquite photosynthesis, however do not test 
b21.ween individuil plants oc plant populations in relation to envi
, nmental or physical factorr- because of the need, in the field, to 
monit-, complete diurnal cycles of PN' This -tudy was initiated,
 
thl.refore, to investigate 
 the response of P to changes in water
 
stress conditions, temperature and light for two 
 Texas populations

of honey 
 mesquite grown unde controlled environmental c:onditions.
 
Concomitantly, effects of 
these variables on light r sponse curves,

and subsequently light saturation points, were also 
 investigated.
 

Two s.ites were utilized as a seed source to study PN in pop
ulations of mesquite. The seeds were collected before abcission
 
from a range of parental plants 
 at both sites. Seedlings were gro r 
in a control led environmental chamber and were ready for experimen
tation withi h 0to 8 weeks. A factorial experiment arranged illa
 
split-split 
 plot des i gn 	 with ihree rep'ications was used to determneenvironmentala tole rances of ' fromN 1oth mesquite populllations. A 
pot able, open CO2 exchange system was used for measuring P of the 
seedl ings. iHat;twere SulIna rized using standard analysis o variance 
techniques. Averaged photosynthetic rates were used to fit a variety
of hyperbolic liglt response models in order to estimate and compare
the theoretical maximum net CO2 assimilation rate and the light 0se
efficiency coefficient for each of the factors used in the study.

Maximum P observed during the trials were between 0.69 and 
0.82 mg in"s . Net _.;similation rates v-'re significantly lower in
 
the wst Texas population and 
under high water stress con(litions.
Maxlmu'p P at 1.35 mmol in s photon flux density, were reached at 
20 to 30 C and 30 C for east and west Texas populations, respectively.
The respo. se f PN to light was similar to responses reported for 
other CA species and 81 to 99, of the variabilitv of the data was 
accounted for by using a hyperbolic ligiht response model. Light use 
efficiency of mesquite was lower for the west Texas population an.. 
under high temperature and water stress conditions. High temperature
and water stress treatments also cqused lubstantial decreases in tile
estimated tleoretical maximum net assimilation rates for mesquite.
Finally, the light satLuratioll point for the light response models 
varied depending oilpop.lation and water stress condition. 

Key words: 	 honey mesquite, photosynthesis, light, temperature, 
water stress. 
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Crested, PubescentWater Re lat ionships of6-3-3 Plant 
Slender, and Wastern Wheatgrasses 

A. 	 B. Frank 
Center, U.S.A.USDA-SEA-AR, Northern Great Plains Research 

Objectives were to characterize development of water stress in 

field and controlled environments; to determine stress effects on 

transpiration (E), stomatal conductance (C), leaf water potential 

(LWP), leaf osmotic potential (LOP), and photosynthesis (P); and to
 

relate measured changes to drought tolerance in crested wheatgrab:
 

[Agropyron desertorum (Fisch.) Schult.], slender wheatgrass [A.
 

trachycaulum (Link) Malte.], pubescent wheatgrass [A. intermedium
 

var. trichophorum (Link) Haloc], and western wheatgrass (A. smithii
 

Rydb.). Both LWP and LOP decrea3sed for all species as scil water
 

potential decreased, but not in a 1:1 ratio indicative of maximum
 

osmotic adjustment. The LWP at zero turgor potential ranged from
 

-27 and -28 bars for 	slender and crested, respectively, to -24 bars
 

for western and -23 bars for puLescent wheatgrasses. Results from
 

field plants suggest a greater degree of osmotic adjustment in
 

crested, slender, and western wheatgrasses as compared to pubescent
 

wheatgrass. For growth chamber plants, based on rate of P, E, and
 

C, western was more sensitive to decreasing soil water potential,
 

followed by pubescent and crested wheatgrasses. Data on species
 

response to water stress are important to development of growth and
 

water use relationships required for predictive models and in
 

management and varietal development.
 

Key Words: transpiration, drought, water potential, osmotic
 

adjustment.
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6-3-4 Leaf Growth and Grain Yield of Wheat ii North-South 
and East-West Rows 

M.B. Kirkham
 
Kansas State University, U.S.A.
 

Few experiments report the effect of row direction 
on growth of wheat in windy areas. The objective of 
this research was to determine the optimal row airec
tion for winter wheat (Triticum aestivum L. em. Thell.) 
in the Southern Great Pln:ins of the U.S.A. , to minimize 
stress from the wind and to .aximize leaf grrowth and 
grain yield.
 

Durin, a three-year period (19,6-1979), the winter 
wheat cultivar 'Osage' wais grown in north-south (NS) 
and east-west (EW) rows. Wind, soil water content, 
stomatal resistance, leaf water potential, leaf osmotic 
potential, elemental concentration of straw and grain,
height, leaf' arEa, and grain yield were measured.
 

The prevailing winds came mainly from the south 
in -the spring, summer, and fall and from the north in 
the winter. Soil water content was greater in EW than 
NS rows. Stomatal resistance, leaf water potential,
 
leaf osmoti2 potential, elemental. concentration of 
straw and grain, and height of plants in NS rows were 
not significantly different from thooe of plants in EW 
rows. Leaf area of plants in NS rows ranged from 5
 
to 2J;, more than leaf' "ea of plants in EM rows. 
Luring the three-year study, pltnts in EW rows yielded 
an average of ]1] more grain that, plants in NS rows. 

The rjs tit . iL ,ed that., -,vher prevailing winds 
corn: from the iOrth ,iJ soutrh, wheat should be 
ori,-rted in NS rove for maximum 1,af area and EU1rows 
for maximum grain yield. 

Key words: winter wheat, Triticum aes-tivum L. em. 
Thell., leaf area, grain yield, soil water
 
content, stomatal resistance, plant water
 
potential, plant osmotic potential, height,
 
elemental concentration.
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of Growth of a Grazed Sward
6-4-1 Physiology 

EL. Leafe and A. J. Parsons 

Grassland Research Institute, Berkshire, England 

The objective of this work was to investigate the physiology of
 

a grazed sward and so contrioute to the understanding and 
improvement
 

of grassland utilization under grazing.
 
carbon were measured in an

Assimilation, utilization and fate of 
which was
 

irrigated sward of perL-inia] ryegrass (Lolium perenne L.) 


given liberal applications of fertilizer and continuously 
grazed by
 

gas
sheep at three intensities. An enclosure method and infra-red 

exchange of the sward; individual 
analysis were used to measure CO2 

leaf photosynthesis and assimilate utilization were 
measured by 

the use of radioactive CO2 . Intake by
combining this method with 

sheep was measured by faccal collection and a marker. 
a high rate of net

Expanding and recently e>panded leaves had 
+ 


to canopy photosynthesis,
photosynthesis and contributed mos
 

'hard' grazed sward. Leaf sheaths, whose
especially in the 


area in the 'hard' graed sward qualled that of thr lamina,

projected 


to
 
had low photosynthetic efficiency and contributed very 

little 

canopy photosynthesis. Tie high photosynthetic efficiency of leaves 

in the grazed swards did not, however, compensate for 
the small leaf
 

which decreased progressivelyindex (< 3) 	 and c;nopy photosynthesisarea 
nsity ir.crerscd. Gross photosynthetic production of
 a- grazing int 


and by half 	by
the sward was reduced by about a third by 'hard' 

'overgrazing' compared with 'lenient' grazing. Respiration losses
 

fixed initially in both
accounted for almost half the carbon 

about 10% of the
'leniently' 	 and 'hard' grazed swards and 

the roots in both cases.was translocated tophotosynthetic production 

The proportion of the photosynthetic production that was 

great in the 'hard' compared with
harvested as irtaka was twice as 

grazed sward, but since photosynthetic productionthe 'leniently' 

actual intake per hectare was only a


reduced by hard grazing, 
was greatly reduced. Conversely, 

was 
third greater and intake per animal 


decay was much greater in the

tlr imount of carbon entering death and 

Lani-ntly grazed sward. 
the ractors 	whichThis study highlie'hied the conflict between 

high
lead to maximum animat production from grazed swards - a 


lead to maximum sward

efficiency of harvesting - agE nt those which 

production - a fully light intercepting canopy of young and
 

leaves. In continuouly grazed swards,
photosynthetically efficient 


formidable problems. Moreover,

the resolution of this conflict poses 

in which sward growth a.- grazing are separated
rotational grazing, 

to have provided only a partia- solution.
in time, appears 


Key words: 	 perennial ryegrass, Loiu_m perenne L., physiology,
 

photosynthesis, carbon balance, 
 grazing, sheep, intake. 
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6-4-2 Photosynthesis of Grass Swards Under Rotational 
and Continuous Grazing
 

B. Deinum, M.L. ' Hart and E. Lantinga 
Agricultural Univ-rsity, Wageningen, Netherlands
 

First-year 	 results are presented on the photosynthesis of grass 
swards under intensive rotational or continuous grazing. 

In rotational grazing, crop photosynthesis was high 1i spri:1g, 
declining uuring grazing but recovering rapidly during regrowth, 
certainly because of the high photosynthetic capacity of individual 
leaves and of thu great area oi active leaves left in the sward. In 
autumn, crop ehotosynthecis was rather high initially, declined 
ropi 1y during graaing and recovered slowly during regrowth, possi
bly because pnotusyntheic capacity of the leaves was lower and the 
decline with age greater and active leaf area in the stutt le was 
smaller 

U:der continuous grazing, crop photosynthesis wa.- rather high 
in spring ie.pi te the low leaf area index, certainly because of the 
high rlhoto.sy:o.etic capacity of the many sma.l leaves. In late sum
mer, crop tosynthesis was lower, possibly because the remaining 
leaves were )ld a:1 less active. 

let phaotosynthesis of sontinuous grazing inltegrated over time 
at 2 radiant flw: densities was about the s:ame in spring as for 
rotational graHi. owever in autumn, it was smewhat lower than 
for rotational crazing. T1iJ dries not neces.arily leai to a propor
tionally lower herbage produticnon dife,'e airespiration, 
trasloeat ion ad I may ,'eipenp!e "or the differeneoes. 
heseareh in e 'ontnutu= ii order to compile an explanatory 
simulation model an1uo op i- gracing systems. 

Foy words: 	photosynthesis, rD':ttional grazing, continuous grazing, 
Lolium aerenne 1. , proluction, leaf area index. 
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6-4-3 'Ph o tosynthesis and Dry Mater Distribution 
Iitudinai E'?types of White Clover' 

in 

J. N~sberger, F. Mdchler, and B.C. Boiler. ~ ~ 
Federa\Institute of Technology, Switzerland 

d i 
Productivitof 
tpantc rrecti t 

lover (Trifoliuni repens .)i limte byj'. 
" which prevent 9'fficient useof the 

environmental inputs, In the temperate zons ow 'terprature often
 

limits growth. Comparisons of ecotypes originating from sites with
 

diffre pn es
cool',or'warm climatic conditions (low or high altitudes) can show,' 
when plants are grown in a common environment, the degree of thd 

adaptation of processes related tnet photosynthesis and distribu

tio n ware to determine the photoof drymatter. Our objectives 
synthetic responses to temperature in relation to the thermal 

regime during growth stages and effect of temperature and daylength 

on partitioning of dry matter and nonstructural carbohydrates.
 

Vegetatively propagated plants from 600 (valley-type) and
 
2000 m above sea level (alpine type) were grown in the field and in
 

growth chambers. Photosynthetic rate and assimilate distribution
 
-


we edetermined. T ea ine g_6n-bfpe nd s- nts griown at'-Y ,W 

temperature showed 'relatively high photosynthetic rates at 3 C but 
limited photosynthesis at 24 C, probablydue to intracellular 

shortageof C02 and increased photorespiration.The valley genotype 

and plants grownat higher temperature showed high photosynthetic 

rate' at igh temperature, but a relatively low ate at low
 

temperature, probably due to the decreased concentration of photo

synthetic apparatus per unit ledf area. At low temperature pool
 

sizes of metabolites of the carbon cycle suggest' limitations by 
other processes than carboxylation. The high rate of photosynthesis 

of the alpine genotype was not associated with a'high forage yield. 

The lower yield of the alpine genotype cannot be explained by leaf 
ratio but by the leaf area index and mean sward height. Growth 

temperature and particularly dsylength modified the pattern 'of 

assimilate distribution more than did genotypes. Plants grown at 

lowt emperature showed increased content of nonstructural carbo

hydrates. This was associated with a greater decrease in rate of
 

area 

leaf appearance than in photosynthsois at decreasing temperatures. 
In addition, if daylength was reduced at low temperature,a2% of
 

all nonstructura". carbohydrates were in the stolons and roots, 
camp,3red with 55 to 65% in the long da~'s. The higher photosynthet'ic 
rate at low temperature and a stronger shift to growth of storage 
organs of, the A-genotype 'in short photoperiods is consistent with 
requirements of its ecological origin. 

Key words: white clover, Trifolium repens L., photosynthesis, photo
re'spiration, dry matter distribution, nonstruottiral

~'~'carbohydrates, temperature, adaptation.
~< (~ 
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6-4-4 Differenc s in Photosynthieti Types in the Iaxa
 
Group of Panicum (;tenUs: I'hotosynthls is and Photoespirat ion
 

R. tl.Brown anl J. ii. Bouten
 
University of Georgia, U.S.A.
 

Differences in grasses with the (:3 al"il C, cycle; of C(), assirmi
latiol ire e I1 known. i11 Laxa groirp ol Pi e"Irr is C01inpose d of
 
species of tropicai origin which have been lotind to differ in th, ir
 
photo.; vintetic pathways. The ohjctiv, of this r.se.arch was to de
scribe th, phitrorv tihtic :in. photoreepiratorv charlctristc; of
 
species in this .sual! group of til rlliCIll
} gerirs. 

i nter-l irents of C).) excih:rlg4 Were llaIe or yOri g [iI]lv X:panIed 
learves in sum;lI I Ileif ciriir -e;s i ng Lnfrarend gas nzlvs is irhn iques 
Thre ot t.1 ;p c ios ex:crined, '. iaxutnr, I'. iylae Cum, Zirur .ol 

riVular,., ,::hiiti typic( of (: . hat is,
clraracteristic;s Otal 3 
abo t 3V' i ri ii it ion 0f piro tosnithes is Ly 21 7 09, '1 c..Lnperlsrat oi 
concelntrat ior of about 50 l 1-1, and nou-kranz-lea. iatomy 
Panicum prioni t is had characteri stics typical ef C 'ants, its 
piotosynthesis being insenis itive to (. and its CO, com,n sati.on teing 
less than 10 .1 I-1. Its lIvos also"wre charactr by feat,ires 
of Krar:: allatosuiv . l, r,'maining three species examinod, P rtuti iides, 
1'. sihenck i . i pitn; wert intermediate itWeel and[irri I C3 C4
 
tLpes in Vri,,v, lhArctterist ics. inhibition ,rtapparent photosyn
tinsi; bY 0, and tle C0, comuperrsat ion concentration'21" was abou: 2' 


-
t 25 ,1 1
 
(CO1 loss ill in;,-fr c air) in the i ntermedi ate species was onrly
 
aborut ore th ird as hi gh as it tile C3 species,. the intermediate
 
speci,,15 r sssseJ a chlorolrry lous vscutar b 'le sheath like C .
 
grassies, !urt tile iundl sheath lr as nearLy filled iithr
 

rang , *-ri,,lenbo1P)to I. Il adi tior, photorespiration 

cells not 

orgirrelles as in C1, specis.
s intorespiration is rediuced in tire
 
irrtenrr id sincirs. pihotrs','ntles is rates and the
ate P,'ilicur Apparent 
ratio of apparent photos ,rtih,sis to tr:1rspirrtion were similar to 
ths,' of C13 i' ;curs arnd aout 1/ a; great in C, plant;. 

lire reduce piotoir spiratin irl tire interPmeiate i'inicum species 
appearis to lie irre to a refixation of photorespireud CO9 rather than 
a reduction in thr operation of the photor,,spiratory pathway. 'li isie 

is indicat, id
by (1" high photorespiration ra'es as estimated by the 
post-il tuminat ior, CiO, Irrst,(2) strmilar effects of 0 atn"carboxy
latiol efficiency" in the intormudiate and (>3 species and (3) photo
respi:.atoon rates e(111,1l to those of C3 species at low li ,t intensity, 
but whichdecrease. in the intermediate species with irereased light 
intens ty. 

It is concluded that P. miliodes, P. schenckii and 1'. diciplens 
are intermediate between and C4 photosynthetic types. NotC3 
enough is known about these species and tieir relatives to determine 
whether they are evolutionary intermediat, z between C3 and C4 . A bet
ter understanding of their pivsiology, hi hems itry and taxonomic 
re.'athorship to C3 arrd C4 species should jidicate tire evolutionary 
standing of species tire possihility for reducing photoresthesr;e and 

piratir;n through breeding. 

Key words: C3 and C!, species, Kranz anatomy.
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6-4-5 Mobilization of Protein from Storage Organs During
 
Shoot Regrowtil of Pasture Grasses 

P. S. Makarenko and S. I. Osetsky 

Ukrainian Fodder Research Institute, Ukrainian SSR 

The purpose of this investigation was to compare the nitrogen
 
remobilization from storage organs to vegetative regrowth of orchard
grass (Dactylis glomerata L.) and timothy (Phleum pratense L.) after
 
shoot removal. Roots were removed from sten bases of both species be
fore culturing them in distilled water (low nitrogen treatment) or in
 
sand supplemented with complete nutrient solution (high nitrogen treat
ment). The heavy isotope, nitrogen-15, was incorporated in the high
 
nitrogen treatment to allow comparison of fertilizer nitrogen uptake
 
with that of reserve nitrogen remobilization.
 

During the initial 24 h after shoot removal , total protein concen
tration declined 50'; in stem bases of both species. Albumin and glob
ulin decreased in storaga organs of orchardgrars, Ahile'albumin, pro
lamine, and residual protein declined in timothy. Timothy removed 
more nitrogen-15 from solution culture than orchardgrass during the 
initial 24 h after shoot removal. 

Dormant buds of stem bases grown at high nitrogen initiated new 
shoots within 3 days after the experiment started. In stem bases
 
grown at low nitrogen, shoot initiation from dormant buds required 9
 
days. Growth of shoots and roots during the 20 day experiment was
 
less from low nitrogen than from high nitrogen plants. Total protein
 
concentration of stem bases declined 52.6' in timothy and 36.8" in
 
orchardgrass during vegetative regrowth. In contrast, globulin con
centration increased in orchardgrass and albumin concentration in
creased in timothy storage organs.
 

During flowering the organic nitrogen reserves of orchardgtass 
contained 65.3' protein, mainly as albumin and glutelin. In tinothy 
the organic nitrogen reserves contained 85.47 protein, chielly 6s 
glutelin and prolamine. 

The results suggest that the concentration of organ: nitrogen 
reserves in stein bases affpcts rato 47veqetative regrowt and the 
total yield after reg-owth. Part of the protein ri,,: 1zLH during 
regrowth is used in respiration, and the rest for synthesis of new 
tissues. The individual protein fractions appear to he equally avail
able to the plant during regrowth. However, the difference in organic
 
nitrogen remobilization at low and at high nitrogen levels in the nu
trient solution shows that mineral nitrogen stimulates the remobiliza
tion of organic nitrogen reserves. In our experiments, orchardgrass
 
and timothy stem bases supported vegetative regrowth for more than 100 
days on distilled water. This illustrates this importance of organic
 
nitrogen reserves in maintenance of pasture grasses during unfavorable 
growth periods.
 

Key words: organic nitrogen reservs, nitrogen remooilization, 

perennial grasses, solution culture, stable isctope, 
Dactylis glomerata L., Phleum pratense L. 
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6-5-1 Using Leaf Area Expansion Rate to Improve Yield
 
of Tall Fescue
 

C. J. Nelson and D. A. Sleper
 
University of Missouri, U.S.A.
 

Several physiological charactters have been proposed for use in

breeding programs for higher yield potential. At high tiller density

weight per tiller becomes a mijor yield factor of vegetative canopies.

Further, weight per tiller is closely related to rate of leaf area
 
development, a factor with low heritability and high environmental
 
influence. Our objectives wEr- to evaluate recurrent restricted
 
phenotypic selection for developing populations of tall fescue (Fes
tuca arundinacea, Schreb.) for low and high rates of leaf area expan
son- .LAE After four cycles of selection from a broad-based popu
lation 
(Co) we began testing progress by comparing populations and
 
cultivars in field plots.


Four cycles of selection gave populations with rates of leaf
 
area expansion (LAE) of 181 and 74 mm2 day-I for the high (H)and
 
low (L) directions, respectively. It appeared that LAE changes in

early generations were due largely to 
increased leaf elongation rate
 
(LER) of the H populations, whereas later progress was due largely to
 
decreased leaf width (LW) of the L populations. Overall, LER had a
 
larger effect ,nLAE than did LW. Number of tillers per plant was
 
inversely related to LAE.
 

Yield of vegetative regrowth after four generations of selection
 
in the L direction was 25% lower than the CO population because the
 
2.1-fold increase in tiller density was more 
than offset by the 2.8
fold decrease inweight per tiller. Tiller density was not reduced

by selection for high LAE even 
though weight per tiller was increased.
 
The H2 population yielded 39% more than the CO population because
 tiller density and weight per tiller were both increased about 20%.
 
Later generations were 
lower yielding than the H2 populations, but
 
higher than the CO population. Yields of 'Kenhy' and 'Mo-96' were
 
similar, while that of 'Ky-31' was lower than the CO population.


Selection for LAE was effective in increasing yield of vegeta
tive growth. The H2 population was superior, perhaps due to a com
plementary mixture of large and small 
plants. Alternatively, in
breeding depression may have linited further cenetic advancement.
 
Compared with present cultivars, it appears possible to improve
 
sunmmer and fall productivity by selection for leaf growth rates and
 
optimizing tiller weight. Photosyntheses of single leaves was
 
altered less than 10% over populations after four generations of
 
selection.
 

Key words: tall fescue, Festuca arundinacea, Schreb., yield com
ponents, leaf area expansion rate, leaf elongation rate,
 
leaf width, tiller density, weight per tiller, recurrent
 
restricted phenotypic selection.
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6-5-2 Nitrogen Availability and Rye-grass Regrowth 

Tony Field and Warren Hunt 
ZealandGrasslands Divis ion, DSIR, New 

In grass based pastures, mineral nitrogen availability often 
from the system.

acts is a final determinant or dry matter production 
i quantita-

To predict responses to fertiliser nitrogen applicai ion, 

is required of the functional r, ponses of grass
tive understanding 

Thif: paper stimiarisesthe higher nitrogen aviiliabili ties.plants to 
results of a number of experiments i.nvostiLat:,, the physiology

the 
rygr; s kolium sp.

of nitrogen re,-pouses during the regrowth of 

lig;her levels of .itrogen availability incre:ase the initial 

display ,;ingle ryegrass; plant:; grown in sand cul
rate of leaf area in 

Al timgh photosyxt-t 
s s i rates are concurrently increased,ture. 

tops and fall rapidlyroots more
S'luble c.rboylrate loveIs in both 

in hil h ii troen plant;. It was ,stimated that this was related to 

with uptake. and metabolism
iicreos-I respir;ition rates associated 

of nit r n;eon and incorporation of new structural material. 

S;,f are;, product ion and t ilLe'ing respons!es to nitrogen 
b- ing e tabil shid within plants.now equilibria 

greate activity per init rootrostult in [unc tional 
Iligbe r root/shoot ratios reflect 

leafIncreased individual
weiglt at higher ni trogen availabilities. 

size 'iVes hi iehr Icaf/stem rati10;. 
floralWhere nitro; ,i availability i, incr-: a ' ed following 

reproductivein itIAtion, .i bolh ,i le tlCants and ,ll' late swards, 


.;ith xininitial increase in leaf area display.

tiller; seisr ,;pond 

levels results in
More r .pid stei dlvelepmnO"I at iglier nitrogon 

in regrowth.t snd lower leaf/stem at ios laterincrea;ed roW e m 
Liller 'rowt-h rates were lower,;uid leaf/s;t ratios higher

Individ,,t,1 
1n Simul atel sward.; at both nitrogen lveIs.

in plants grown 
noocultures in 

Detailed mea,;suret-its of field plot ry-grass 
t i t er ing ind tiller;ind autumn slowed lea f appearance,the sprilng 


gp wth ratcs to be inc'e';1ed by highl nitrogen 
 nutrition. However,
 

higi, nitrogei decr!dsed tiller !;urvival following grazing which
 

resulted in lower mean tiller densities. The results indic ite that
 

trogen affects the capacity of monocuLIture swards to produ' new 
n 

tirough promiloti ,,Laf 
Liller both by increasing" n1w tiller Sites 

is ting sites through proxmxot i n, ' i 1ler 
product ion and by exploit i gx 


product ion.
 
In ryegr (s-whilte clover bas;ed pastures,) atilxin fort i I iSOcr 

lering rate'- and leaf i'roduct ion
nitrO0,eli ;Ippl icat ion inoreased lt i 

ratesapplication increased growth
in vegetative swards. Xid-spring 

increased
of both reproluctive and vegetative tillers, bu: resulted in 


tiller nux:1bers by reducing vegetative tiller mortality in a period
 

of high tiller deatlli rates.
 

leaf area.
Key words: nitrogen, Lolium sp., tillering, regrowth, 
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6-5-3 A Descriptive Scheme for tile Stages of Development
 
in Perennial Forage (;r. ;es
 

U. Simon and B. II.Park 
Juistus-i. iebig-Uln iwye rsiLtLt Ciessen, W. Germany 

A descriptive scIeIme of morphologicalI stages of development in 
forage grasses is urgently needed for scientific investigations as 
well as for 	practical purposes. It could be used for the precise 
timing of llallaemelnlt m1easures such as the application of fertilizers 
and herbicides, and of hrvestin 1 g with respect to a certain hvel 
of forage yield and/or quality. 'Tileexisting schemes like tile 
Feekes scale a,. itr t iodfficaLtons are rkvised for cereals. The'
 
do not adequately colsider the 
 peculiar stages of development of
 
perennial grasr;es grown for tileproductio of forage.


We )lTOpor a wlhich of
; schljelte COOSist!; consOcuLtiVe stages of tile 
following lllares of plant development: number of 1;raves, elongation 
of leaf sheaths, sters elongation, infloresce nce emergence, anthesis, 
and seed ripening. In an attempt to standardize the schemes, we 
have adopted the two-digit code and wherever appropriate have main
tained the stages and terms of the scale of Zadoks, Chang and 
Konzalk (1974). The coIllete descriptiwve scheme is given in the 

0 pa p r. 
The ar; at io a certain stage growth anI characs;oc bttuee of 

teristic. of utri t i%, vealIue depends on tire earliness of species and 
cultiLvars . At a fix,.,! !;tIngyof plant develop ment the nutri tive 
value ill terms of illv-itro digestibility, crude fibre content and 
crude proteilr conrtent is ,enerally lower in late types than in early 
ones. Invertsely, a certain level of nutritive value is reached in 
late ties .itan earlier srtage of rowtl than in early ones. 

Key word!;: 	 doscriptive schle111e, loveolopIllent, forage, grass 
growth ,;tage quality, yield., 
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Effects of Maturity and Environment on the Amount
6-5-4 

and Composition of Ilemicellulose in Tall Fescue 

tlolt, C.S.T. Damghtry, and V.L. LechtenbergS.L. 	 Fales, D.A. 

University of Georgia, U.S.A.
 

changes In the 	amount, composition, and dIneslibility
Seasonal 

usually
of fiber In the vegetative tissues of forage grasses are 


The possible role of
associated with advancing tissue maturity. 


enIronment has not been studied 
In detail, because the effects of
 
most field situations.
maiurity und environment are confounded In 


relative effects of maturity and
Our objective 	as to determine the 

the amount and composition of hemicellulose in
environment on 


field-grown tall fescue (Fetuc arundlnaceae Schreb.).
 

A cutting scheme was Implemented which produced replicated
 

fescue regrowth of Identical chronological age at
plots of tall 

Leaf Eamples were taken
different times during the growing season. 


detergent solution
at weekly Intervals and extracted with neutral 


to Isolate cell walls (NDF). The NDF was treated with 1.0 N HSO4
 

to remove and hydrolize hemicellulose, and the hydrolyzates were
 

analyzed for concentrations of xylose and arabInose, using high
 

performance liquid chromatography.
 
Regrowths of the same chronological age (time from previous
 

harvest), but which developed at different times during the season
 

showed different amounts of hemIcellulose. Hemicellulose
 
In early summer,
concentration decreased during regrowth occurring 


remained about the same during mid-summer, and Increased in late
 

summer. 
 Conversely, xylose concentration In hemicellulose
 

Increased during early summer and decreased during late summer,
 

while arabinose concentration remained about the 
same throughout
 

the season. These results indicate that the effect of time of
 

season was greater than that of tissue age, and Imply that
 

environment influonced the comp-Aition of the cell 
will.
 

Using growth data, estimateL, were made of the actual weekly
 

changes In hemirIlulose 
_,,osit'on of new growth. Calculations
 

showed that the magnitude of differences due to time of season was
 

greater rhan indicated by the whole-plant data, and suggest that
 

the composition of newly-synthesized cell wall changed considerably
 

during the growing season, conforming more closely to trends 
In
 

photoperlod than In temperature.
 

Key words: tall 	 JcrBLndL Schreb.,
fescue, F&AJucaL ae 

hemicellulose, maturity, environment, xylose, 

temperature, photoperlod 
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6-5-5 Growth and Development of Blue Grass Rangeland 
in Soutlicentral New Mexico 

Gary B1.Donart and Rex I). Pieper 
New Mexico State University, U.S.A.
 

Studies have been conducted on a shortgrass plain in South
central New Mexico for the past 15 years to determine patterns ofgrowth and development of blue grama (Bouteloua gracilis). Studies 
were conducted at the Fort Stanton Experimental Ranch, which ecologically represents all range inmajor sites Eastern New Mexico.
The mean annual precipitation is 38 cm which occurs primarily as 
summer rainfall. The peakmean standing crop for lowland areas is
1115 kg/ha for hillsides, 830 kg/ha and upland situations 915
kg/ha. Peak maybiomass comprise up to 80% blue grama. Data for
growth and development studies were collected from replicated plotstudies or from specific individual plants within plot studies. 
Maximum blue grama plant height occurrud in mid-July on all areasand was more responsive to environmental changes than leaf height
data. Biweekly biomass of parts aplant showed cyclic pattern

early in the growing season, corresponding with moisture 
avail
ability, while cyclic patterns in the dormant season reflect rate
of deterioration of standing crop. 
Seasonal trends in total standing crop parallel leaf blade weight. Nitrogen-enhanced plants had 
an extended growth period in response to fall moisture, and cyclic
patterns were less pronounced. As the blue grama rangelands are
subjected to grazing, defoliation effects 
on growth and development 
are of primary importance. Plants defoliated throughout the year
produced the same standing crop from the same number of phytomers

as the control. Rest from defoliation in July and August 
 produced

the highest amount of phytomers (40 per shoot) and 
 the greatest
standing crop of any treatment. Rest from defoliation in the spring
and fall resulted in similar growth and development as observed in

control and .onrested plants. Winter rest 
appears to be as im
portant to growth the following year 
as rest in July and August.
Different strains of blue grama exhibit the same developmental pat
teros (32 phytomers per shoot) under protection and rospond simi
larly to defoliation. Less 
productive cuitivars have less total
leaf length (122 cm per tiller) than more productive cultivars
(156 cm per tiller). Differmt management treatments and range
sites may affect the rate and amount of blue grama g,, .rh. Manage
ment of blue grana can be enhanced by understanding morphological
development. Collection of basic information on growth and devel
opment are essential for decisionproper making and interpretation 
of grazing results. 

Key words: 
 blue grama, Boutelotia 
 racilis, growth, development, 
b i oma s s . 
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6-6-1 Effect of Active Roots of Forage Grass onl Soil
 

Aggregate Formation
 

liroshi Kobayashi and Ichiro Yamane 

Kitasato University and Tokyo University of
 

Agriculture and Technology, Japan 

roots and active younger ones are presentBoth half-rotted older 
types assist in soil aggregate

:a abundance in forage grass and both 

formation in their own rhizosphere. 
were carried out to elucidate the role

Two kinds of experiments 

of active roots in aggregate formation. Italian ryegrass (Lolium 

was grown for 12 weeks in glass boxes placed in a
multiflorum Lam.) 

bud of quartz and sand particles I mm in diameter was
phytotron. A 

placed in a glass box.
 
and these were opened afterIn Experiment 1, 3 boxes were used 

and the
4, 8 and 12 weeks, respectively. Growth was then checked, 

to the routs weighed. One hundred times
quantity of sand adhering 

more sand was found to be adhering to the roots after 12 weeks than 

after 4. When this was converted into the quantity adhering to each 

was found that the figures at 8 weeks and 12
individna:' root it 

weekE were both around 2 g, or 10 times greater than at 4 weeks. 

In Experiment II, the distribution of pectic substance on root 

in contact with the surrounding sand was
surfaces and points 


of ruthenium-red solution. The
ascertained by the application 

adjesivc strength of this pectic substance was measured using glass 

was found to be 15-20 g per single adventitious root.plates, and 
that the total adhesive strength of the roots

It was also discovered 


of each plant increased in proportion to root number.
 
were drawn con-
From the exp-rimsents the following conclusions 

function of forage roots. excreting acorning the active grass By 


roots cause the adhesion cf qoil
pectic substance these active 
a firsL step in anctiorparticles in the surrounding area, acting 	as 


expands the quantitv of

ing the plant. As the active root system 

pectic substance excreted increases rapidly, and the adhesive action 

to aggregate formation.affects a wider area, thus leading 

Key words: ltalian ryegr *.,I Lolium multiflorum Lai., root, soil, 

aggregates, adhesive action, active roots.
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6-6-2 Phe lo Iogy an d Cu 1II Wei gh t Vari at ion letwe en Two 
Whentgrass 	 Specie;: Ajrpvron ;mitliii and A. spicatunt 

11. K. Owens and II. G. I is ser 
ltnivIrsity of .!yom ig,, U.S.A. 

Knowledge of plant phenology and live weight dynamics are 
necessary to intensively ajge sets iridt rangel ands. Thirteen
sites Ili WyoI in, were 'aItp jIed for plant ph enolog ic 	dove lopmenLt and 
c 1 weigit;; of wes tern wlica t grass (A pyron smi tl. I) and blue
bunch wheatgrass (A. sgicatni1) 
 . These speries are sympatric and:l lopatric 	wiLiIn these rantielands. Environmental data were also

collected for use in differeatiatl, sites.
 

l)ata on all lhe variabie were collected at fourteen day 
 inter
vals thl;ouLIott the growing, seasons of 1979-80. Permanently marked 
plants were samtupled for plienology and plants of similar developmentwere collectLed for cillilt weight es tilllates . CIti'lotive precipitation,
de!ree iliys, soil water potent ais 	at three depths (0-15, 16-30, and46-60 cm), 	 soil. temperature at 25 cm, and .uluian dates were recorded. 

A two-waiy aial I ysis of variance performed oil culitn weighlt and
 
phenology d ta identified 7 groups if similar sites. For the culm
weig,.hts, western wheatgrass formed 4 distinct groups, bluebunch
wleatgras; 	 fei:net 2 distinct- groups, and both species together formedI g1rotp. '1he hlieliilO.ie data revealed the saute groipings of sites.

Disc r tiinant analysis of physical site ciaracteristic showedbiiuehuchi wheatgra,;s to occur oil sites with low sand content, hi h
soil pil, low soil u:oi sture, and/or deep rootin, depths. Weatern

wh atgrast favored with
sites modera te to higl. s1iiiih conten , neutral
liII, itoterate soil utuisttlre alnd/or shallow 'otlig depths.

Analysis of mcromteLo rological variables s ,uu;:t:e-ern wheatgrass prodUicet tie ,reaL.-' cilm wegit s at 	moderate atounts of
degree i(ay 	accutnuiltion and cunulative precipit[Ltion. Bl-uebuntih
wheatgross cult weights were greatest at higher values of both va r iab les. PlenologIc development was species related, with blue
bunch wheatgrass developi g mtore rapidly. Phenology On sites with
low cuin weights developed more rapidly than sites with large culm 
weights. 

Key words: 	 western wheatgrass, bluegunch wheatgrass, phenology, 
cuin weight. 
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6-6-3 Morphological Featurcs of the Polish Ecotypes 

of Festuca arundinacca Schreb. and Their 

Chemical Composition 

M. Crynia and. A. Kryszak
 

Academy of AgricuIture, Poznan, Poland
 

"'he researchesX'ere carried out in the years
 

1975-1980 and included 400 ecotypes of tall fescue
 
/Festuca arundinacea Schreb./. Some chosen morpholo

gical and chemical features were taken into conside
ration.
 

The investigated Polish ecotypes are hexaploidal
 
forms with a constant number of chromosomes 2n=42.
 
There are great mcrphologieal differences among them. 
These differences are visible also in the biolcgy of
 
ecotypes, in the yield and in chemical composition
 
of the plants.
 

In the Polish ecotypes gathered in the Poznan
 
collection the vegetative stems are approximately
 
60 cm long, the area of leaf blade on the vegetative 
stem - 25.1 cm . The angle between the leaf and the 
stem is 18.390 on average.
 
The mean contents of chemical compounds are: total
 
protein - 21 .29", crude protein - 14.22),, soluble 
carbohydrates - 7.00;, fibre - 24.56' and silicon 
-0.54L in dry matter. The mean content of the alka
loid perloline is 355.11 pg/ g d.m., but in 69', of
 
the ecotypes perloline was not found.
 

Among the analysed features the most important
 
proved to be the length of the vegetative stems, the
 
middle Ioaf inclination angl e, the areas of leaf 
blades and the leaf borders. These features can sup
ply an approximate indication of the chemical compo
sition of tall fescue. Ecotypes with less obtuse 
inclinatiop angle of the middle leaf position theon 
stem 20.50" and with a mean length of stern 52.53 cm 

characterize by the most favourable chemical compo

sition. These ecotyces should be used in further Works 
breeding on this species. 

Key words: tall fescue morphology, chemical. composi
tion, digestibJiity. 

x/The researches were financed by the Department
 
of Agriculture U.S.A. 
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6-6-4 Relationships Between Root and Shoot Growth
 
of Alfalfa Under Various Treatments
 

M. Ueno 
Miyazaki University, Japan
 

Alfalfa (Nedicago sativa L.) is a perennial plant with a char
acteristic root system consisting of 
a thick taproot and numerous
 
lateral roots. The contribatio- of each root 
system (taproot or 
lateral roots) to herbage production of alfalfa is not yet known.
 
The author separated lateral from androots taproot, compared the
 
growth relationship between individual root and shoot with 
 special 
reference to dry-matter partition.


Shoot-root weight relationships under different treatments were
 
compared on alfalfa (var. 
Du Puits) seedlings growing in pot-cultures.

Treatments were fertilizer (no and complete), soil temperature
(10, 15, 20, and 250 C), soil structure (clay to sandy soil), day
length (8- anl 16 h), and cutting frequency (3- and 5-week interval).

(i) With all treatments, high positive correlations wLro
 
observed between and root
shoot total weight; shoot weight increased 
as total root weight increased. (2) Shoot weight was proportional
to lateial root weight undce all treatments, suggesting that in
creased root surface by growth of lateral roots 
favors uptake of

nutLi ients from soil media. (3) Taproot growth increased under con
ditions favorable for shoot growth, but as increased
taproot in
 
weight, correlations between taproot weight and shoot weight 
 de
creased. This suggests that taproot growth depends on the supply

of assimilats from shoots which 
 are to be accumulated as food re
berves and decrease d as utilized 
for further shoot growth. (4)

Thick taproot increased lateral root formition, but decrease(] the

weight of individul1 lateral roots. 
 It i& assumed that increased 
formation of roots thicklateral with taproot was due to increased
 
root surface allowing lateral root initiation, but decreased weight

of lateral roots resulted from a decreased food supply fron. the
 
to.root.
 

it was concluded that root contribution of alfalfa in relation
 
to shoot growth seems to change with growth in
stage; the early

stage of growth, 
 shoot growth increases with root growth functional 
for nutrient uptake, but upon further shoot growth, assimilates
 
produced by shoots are translocated 
 to result in taproot thickening.
Thickening of the taproot decreases nutrient uptake ability but 
increaseE accumulation of food reserves, allowing formation and 
growth of lateral roots which produce higher shoot growth. As 
C oots giow further, the taproot continues to thicken enough for 
excessive food reserves to dec rease lateral root growth and bring
 
lower lower top/roe t w-iht ratio.
 

Key words: alfalfa, Medicago sativa I.. , root growth, shoot-root 
relationships. 
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6-6-5 Dry Matter Product ion and Non-St ruc turat 

Carbohydrate Accuuril Iation in Lotus corniculatus :S 

Affected by Cutting Treatments and Maleic Ilydrazide 

Bertrand 1). Eardley anI PuI R. lender long
 

Oh io State tiniversity, U.S.A.
 

Lotus cornicu Iatus , L. (Birdsfoot trefoil) is a rela

tively long-lived perennial forage legume particularly in 

altitudes of the cooler terinperate regions. 

Within these reg tors, the ulont persists among a wide variety 
the higher 

becomes rather vari

able when grown in the warmer regions of tle temperate zone, 

especia ly when subjected to environmental stress during 

periods of high temperatures. 

of soil conditions. Plant persistence 

A major factor contributing 

to the low degree of tolerance to environmental stress con

low level 

(TNC) accumulation 
dittions is likely associated with the relatively 

of total. no-;tructUral carbohy-Irate 

during the active growth period. The objectives of our 

,tudies were to deternine the effects and potential inter

action of cutting or defoliation treatments and the growth 

(MII) on the accumulationregulator, maleic lvdrazide of 

TNC and dry mat ter production. 

Our studies consisted of two separate field experiments. 

sward of L.otus corni-Experiment I was conducted oil n mixed 
to three differentculatus/Festuca arundinacea subjected 

uncut, cutt ing immediatelya-ftermatliL-ctt lng-treatments 

prior to the M111application, and cutting six weeks after the 

Mil appl i cation. Th.'ee rates 1,f '11, ), 1.68 and 3.32 kg ai/lha, 

to each of the three cutting treatments. 'Fhewere applied 
flowering and altered 

effect on 'INC accumulation 
M1111appliation resulted in delaIed 

bud development with no apparent 

or (Irv matter production. 
cons istedI of three fall cutttng schedules:E xpPr iment ii 

dormant OLuttlug, reconleiluled Cuittik scthedule a Uf!og and 

with each ctltt ll; regime treatei at two 

rati; of Mll (0 and 1.7.8 kg ai/ha.) appied tw, weeks after 

the last regoar citt iii!, Vield data obtaine,, the following 

spring siowd t hat the N1l treatment had no effect on dry 

rio tir lirull tion. lowever, Mil reduced tle TNC lepletiin 

i 1lv to 12,". illt; which were not harvested during the 

liu s~eo~;ili. . . [lie iol-all't, cutting, showed increased TNC 
leh oigl 'i-t - rt 0t dry weiiIhts conpared to tile other 

cuLtling schedu le, 

two cittil i'. togiise 
(O['r &IiA..1 1WIwi ha li !he late sIlllller application of Xli 

t 'fI'C during the overwinteringicrezi!;A t tiw i , iv'' !e vel of 

peri od. Ho]' .'e I, Lii il Id-sumein r appl I atLoi of Mil (iI not 

-.i ,gni f i,:uit Iv in ter i s, - Tu I ve 1s during the potient ial mid

S;Uii-:u'u elviv irulliI;ll I St reu- ei t 1. 

Ce,' ,,'ordls: Lotus ur}liulatus I., birdsfoot trefoil, ury 

iatter prodhuction, i'rbohydrate accumulation, 

1i hydai tile.aleic a Z 
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7-1-1 The Ecology of Yang-cao (Ltymus chinensis)
 
Grasslands in Northeast China
 

Zhu "l'ing-clieng , Li Jian-dong mid Yang Di:in-chen 
Northeast Normacil University, People's Rel-iblic of China 

The Yant;-cao (l'-us clii eilc i.s) grass land is the typical one
 
of tI,' east re1iin of Curop,-Asian ;teppeW Zo,1" Its area is up to
 
about 4,000,000 T clarify the
k To eclogical charicteristics of
 
the giassIand is tho aiim of thi s paptr. Th, !;tudy method 
 is con-

Illp. ton-y ,ir iformed to lirough oblservation, ;t [1a:; b0011 found out 
2that net primary productivity per year i3 %,111/ average 

(standard lh-viai, n c:CI. 7 
?g); and thak the limit tig factors lie in 

tie qua tit t of ifra-ill Iring the , n.it itn stage in tih- macro
level and thicLk .;S of tie So;il of Iiaer A in thle t icrolevel; and
 

7 6 that the mathiesaLticol modl of yield: y= . 8" + 5.hSx (x=variable
 
Of prCcipitat ll 1uiling lay, dun,', and -ii V).
 

F l hi i,, l t of p alit.; in tlhe communi ty is about 51 cii. The
 
maxi ilici ;talldij,iCci-i ai pa,,alr s ill early Atig , .
) ithe ti me of llaxilmuillui
 
Liomass cul-; 'r"iMil is tit month Lite-r thl,ini tiat above 
 ground . The
 
rit l o0 underc'rsIIVi l)i oma;S to overground Iioma;s (r/A rat io)=
 
I :8; the rati o otf oIverr ,Iiii oI galis, aissimi lt iv,- to uiIassimiiative 
1:2 (ill geVtr'i,,. of "'ear); ti t.h 1i'i tilli value0 tIppcaI;,; cit the end of

JLIIIL' , i .. -. (l,1W ,, , .! c l/~ 1w,*[ (]tV ll; ch i lic, iss) .
c 	 b-cit: 

lw copos ii 'tI if I i ti,-frm ;l-ct irumoif iie commulli ty was as 
oI lowo ;: I.ws'l , chV' , H 15.V , (;2.7', 'd. !,' . The numiber of buried

soil - 0,,sc-c- beIA,: thn' ground was 2 , a.111/in !d,/, 2 
in t:he


d'pth cf 5-lI0cm, in which til r-Ii io of 1ioi0cCotyl is 1:2.1. ThIe
 
number of 'cpeeti-s,asc S-I, 'i 'h,'w imcer of st mis was 440-710/m 2 

. 
In middl e of Au gii t, .Al I=-). -l.m / i the ch'stnlut soii and up 
to 2.01:1:' Oi th , c lit' ,. 'The ave-rlge traispiration efficiency of 
c-ociulmii t x' ' :i ' '/hw. I t was ill a i ,eo-xerophious grassland. 

'L1e Coctlit o1 N ind ' ill ilowl graccss in siulime' was greaater 
t11i 1L it oif i as.; ;tcalnlilid dm in wilter, 69 and 41 , respectively. 

clh;ll-c i otis t,1)]'hI- I- cci-0I f htaylinls. BI the. quanti ative 
of l d itiUlldi.1tr-s1iil-i1its afdiial sis d 	 le1 ' r o llcciirs of horSeS, 

cit I'0 il sit i, J Ciolc' tllritioll process of Ti was found. 'Tt 
ri'c i li itit i: i,,riil :,clo of tli 'co*syst'ill will be going on 
further. 'flhl colc lu.i; iOll of thisifaper iiIy Ii- COMiMIpi'ed witli the0 

1t0r iMpers oii g,ri.c;.c;l nd ill itli' t".criprc t, Zone, and may throw light 
tlllOl II~ilW~g, 	 ltl ill 1{S llllq 

Key twords: 	 Yang-cai , l'''cic chliin;i i, gras; land, pr imary product ion, 
ma thecI t i cci I Mo0del, Life-form spec titum , ma teria I cyc I. 
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7-1-2 Tropical Pasture lanagement in Kenya
 

J. G. Boonman
 

Zelder Breeding Station, The Netherlands
 

For many decades Kenya has been a leading country in terms of
 

research-backed, though farmers-initiated, development of tropical 

sees such a high percentagegrassland. No other tropical 	 country 

of the arable land under artifical pastures. This is reflected in 

a thriving commercial grass seed industry, with some 2000 ha of 

certified seed of varieties of indigenous origin. 

Low-intensity grassland develor,ment is practised in the range 

country which is arid or semiareas, applicable to about 70'. of L2 

arid. Drinking water supply and controlled grazing are the obvious 

primary principles of management, but haymaking and irrigated fodder 

crops are commonly found on the better farms. 

Iligh-intensity development with artificially established pas

along two principal lines:tures is conducted in the more humid zones 

1. On small mixed farms in the main milk-supplying markets dairy 

animals are increasingly fed indoors with cut grass, mostly 

planted elephant grass (Pennisetum purpureum), or green maize. 
its rootsIt is not sufficiently realize.i that this system has 

in factor. such as land fragmnrtation, lack of fencing on other

wise intensively cropped land, and such traditional reasons as 

cattle theft, protection against tsetse and ticks, and cutting 
obviousof elephant grass for mulching in coffee. These are 


reasons. Attempts, 
 however, to ratify this system as efficient 

from the points of view of Land!, labour, and milkyield have 

failed. The strongest argument ni litating against the system 

is the drain of fertility from forage fields which do not see 

fertilizer nor tIe return of manure. 

2. 	 Since the 19 30s a spontaneous s's ten dev, loped on farms to rotate 

or maize with sown grasses of tropicalthe monoculture of wheat 


species: Rhodes grass (Choris 
gayana) and setaria (Setaria 

enabled the survival of efficientspiace lata ). In fact, tiris 

zereal farming, ul.ich had otherwise become impossible due to 

weeds and the depletion of soilthe violence of n )xious grass 

organic matter and nutrients. Mixed farming is still the 

cornerstone of Kenya agriculture, both ;mall and large scale. 

In spite of 50 years of searching, no legume has been found to 

associate and pc' well i::combination with sown tropical 

grasses. III ti;, Kenya differ; not t tnq Australia or tropical 

Ameri ca . Succss is limited to rare combinations of species 

and ecological niches, from which one cannot generalize. Good 

graz:ing uanagement, irrcluding hraymaking and strategic applica

tion of nitrogen aimned at maximization of young grass, gives 

much tore flexible systems. Research centers shrould shift their 

io more to these aspects, which have been neglected sinceattent 

a 11 at terrtiLon was concentrated onl tropical leguirres. 

Key words: tropical pasture management. 
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7-1-3 Biotic Climaxes on Short Growing Season Lands
 
with Wet Winters and Springs, Dry Summers
 

A. 1. Miles 
Montana Calttle Rancher, U.S'.A. 

The snow drifts off the Idaho fescue (Festuca idnhoensis)bluebunch
wheatgrass (1g-ropyron nsicatum) sites. The snow ends up in the swales 
that g-row deciduous brush. The 
cow will pick on the chokecherry

(Prurus virgiiana , service sorry (Amolanchier), ninebark (hvsocarvus

malvacius) when the range feed is short 
or dry. Cows don't cat rose
bush (Rosa articularis), snow berry (Symphocarnos crephilus), 
 thornanDle 
(hamnus). 4ith the snow moisture that drifts from the gras sites the 
brush sites could grow so much good feed, but g:row so little.
 

It nas been posiiibie to 
 turn th,! brash sites to biotic climaxes of
 
grass and Lefilme. One brush site on the ranch has 
 been growing alfalfa
 
(nicao sf tiva C V Nomad), intermediote whetgfrass (Aeropyron

intermedium)and 
 Kentucky bluegrass (1ea rrateosis) for 54 yeirs.
 

Factors t!; t determine 
a oiotic climax are considered:
 
M'he fertility that the grazing depletes, 
 uses up, needs to be 

replaced. 
 If a high level of soil fertility isn't maintained plants
 
with a low fertility requirement take over.
 

Alfalf fixes large amounts of nitrogen. It grows its tap roots 
into large supplies of potash and phosphate. Alfalfa thrives on the
 
deep, well drained brush site soils.
 

The animal manure and urine aloni- with the fertility contained in
 
the ungrazed legume growth provides most of the fertility needed. The

red coloring of the r-rass leaves 
 indicates the need of phosphate ferti
lizer. Lime is soreid to maintain a high ph and to sup-'y the legume

with needed calcium. The animal excretia falls on the grass growing
 
areas since the cows are not allowed to move away for shade or water.
 

Most varieties of alfalfa are 
killed by root feeding of the pocket

gopher (Thomorys spp.). However, the toomad 
variety of slfalfa, with
 
the ability of adventitious regrowth from cout-off roots, is 
not killed
 
by such feeding. Nomad alfalfa also grows branch tap roots that
 
enablo it to live long. 

Grasses that form sods, as intermediate whoatgrass and Kentucky blue
grass, withstand root fooding by the pocket gopher. 
Orchardgrass

(Dactylls Plomernta), although adapted to utilizing 
the moisture of wet
 
springs, withstanding the dry sumers, is killed by the root feeding,
 

The grasses and legumes are allowed to grow tall and ther, grazed
are 

off in a relatively short time. Allowing for tall growth in the 
May-June high-hmidity photoperiod enables the plants 

long 
to use the mois

ture and occupy the space. With the plants growing tall, moisture frus 
the lower soil horizons is exhausted, effect!an the gas exchange.

To effect a complete change the original brush needs to be com
pletelykilled before seeding. The thick cover of a 
legume-fertilized
 
grass keeps out seedlings. 
Brush that regrows from roots will increase.
 

Plowing 50cm deep or bulldozing soil from the adjacent benches to
 
cover the brush has 
been fuund effectivo in killing it. Covering with
 
bonchland soil elimin.tes the problem of 
excess nitrate. Where the
 
brush is cultivated out, the release of nitrate gives the seeded grasses

undue competition over the legume seedlings.
 

The biotic climax of grass and legume 
on brush sites produces low
cost forage. 
 The prorated cost of establishment is low.
 
Key words: do'dunus brush, nomad alfalfa 
(Medicago sativa cv Nomad),
 

pocket gopher, biotic climax.
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7-1-4 Cool Season Annual Clover Performance on the Gulf Coast 

C. W. Evers 
Texas A&M University 

Cool season annual clovers play a major role in U.S. Gulf Coast 

pasture systems because they extend the grazing season, utilize 

atmospheric nitrogen, and produce high quality forage. ihree to four 

cultivars of arrowleaf (Trifolium vesiculosum Savi .), crimson 
and subterranean (Trifolum subterraneuml(Trifolium incarnatum L.), 

L.) clovers were compared for germiration, seedling growth, estimated 

dry matter production under Gulf Coast conditions.N2-fixation, and 
block with four replicationsExperimental design was a randomized 

for all studies. Plots consisted of six 25-cm rows, 4.5 m long. 
with 12-hr light and darkGermination tests were conducted 

periods under day/night temperature treatments of 35/25, 30/20, 25/15, 

Crimson clover exhibited good germination across20/10, and 15/5 C. 

all temperature treatments and had the fastest germination rate,
 
followed by subterranean and arrowleaf. Subterranean clover germi

hation was depressed only 
 at 35/25 C,with the best germinnation rate 
of 30/20 and 35/25 C severelyat 30/20 C. Temperature treatments 


genination to only 17 and 9%, respectively.
depressed arrowleaf 
and nodule number were compared bySeedling weight, leaf number, 

Significant 	differsampling seedlings .1 and 7 weeks after planting. 


ences in seedling weight between speci es decreased from 4 to 7 weeks,
 

but subterranean clover was always 
 ti: heaviest, crimson intermedi

ate, and arrowleaf the ligh test. Differences in leaf number at 4 

weess were small but ;iguifi cant, with species ranking subterranean> 

crimson>arrowleaf. By 7 weedls, s;ubterranean seedlings had twice as
 

many leaves as arrowleaf, with crirmon intermediate. Nodule number
 

ranking was subte rranean >c r in oil ;rrowl ea f.
 

Symbiotic N-fixation %,ases;timated by difference in nitrogen
 

(N) 	 content of the harvested forage from rvegrass (Lolium mUltiflorum 
Estimated nitrogenlam.) receiving nt N fertili zer and clover. 

over 2 years on two soil types for crimson, arrowfixation averaged 
were 57, 73, and 105 kg N/ba, respecleaf, and subterranean clover 

tively. Crimson and arrowleaf N'-f;xation was reduced 50 to 61 o on 

clay so[ I. 
Dry c2arter production on fine sandy loam soils was quite 

year to year, depending on rainfall distribution duringvariable from 

the growing .oason. Usually arrowleaf production exceeded or
 

lowest because of
equaled subterranean clover, with crimson always 
On poorly drained clay soils, subterraneanit's earlier maturity. 


clover produced 60, more forage than arrowleaf and crimson clovers.
 

growth and earlier germination of subterranean
Faster seedling 
and crimson 	 clovers indicate tley would be the easiest to establish 

and r.st competitive in grass mixtures. Arrowleaf clovers are the
 

most difficult 
because of the limited temperature range for 	optimum 

germination and the poorest seedling growth. All species were 

productive on sandy loam soil but subterranean clovers were superior 

on clay soil.
 

Key words: 	 arrow l,.af clov,.r, Tr'rifolitini vsiculosm Savi., crimson 

clover Tri fill i em i acarnatun I., ,s ubterranean clover, 

Trifolium subtrranean L., :,eelIing vigor. 
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7-1-5 Increase of Natural (;rass StaInd lroihiicLion in
 
the Norti-''en i !w i F IoI "'I in
 

I. S. Shaliti v, I. S. I)eriiitov I ',.I. Los il, and A. S. Tk;icienko
 
Extreme NorLh Asr icu I turl Is!;,arch Ins t iLute Nor Isi, USSR
 

TIhO most e Ifee t i ve woy of inlic reas i llgnlituri I grass illd prodiic
tivity is fort ii i:at iol iid rat ioanIl us-, of hlym'Ihlids . Il 1973-1978 
we studied tlit ilflieec,. of flrtiIliz t oi. h,;rve;t i l t itme and number 
of Cutt i 1s oil y ield ;11d hot :I i cal coiop; itieno f nat ura grass 
stands of forb-,,.as; nelle ws; ii the cent ral fI ood pie ti of tih ,erisei 
river.
 

The alr,-s of ti e'xpe|-i nieitel plots were: for level of firti
ljzers, 400 m-; C( ,trol ere.a, 50 ili!; and cutting 
 time, 100 m2. The
 
plots were replicated 
4 Lime!;. Aimonium nitrate, double granulated
 
suiperpIosphlte ld phicss iont ch loride 
 were apIpl 2d in ,plrinI after
 
the flood tirlec. IW Cuit Liillgof rIss stn;llds - S carried oat it the
 
sittgtes of heladin, flowerin:, ;Ind beginning and ful bearing of the
 
meat1)dow.4fo :tli I . ''IitieCOii 
 cutting was performetd a'- aftliriiiatlh
 
he iglut of 1-111 .
 

The soil ill tIe exprislenital plots is ;iI luvi al, Sod-ieidow,
 
Illid-loamy , couttaining, 5-," of hllus , Ii . 7 uig readi Iv hydrolyzable 
Ili trogen , 1.2 i r' of mcobi KIo phepllorus , 1ol 9 .5 , of oxch",ngeable 
go I s;; i olper 100(;oi ! I. 

N i 10 f.'rt f,*l) ) witi 1'(, rai sed yie'.d ofIr'i' i Ii zers -12 11K90 	 grass
b:iy Itd:;1.5-2.5 ti a,;,incre:as,..I tdii le"vtels of Clude .r otein , raw
 

a l , aiu(1 ta:'i' e 'ic id!;I Ill i prov''d tii mi c1ri ,1ch,, :,i., upo; i t, iou of
 
Ioral'('. I'ho!pIh( ri:;-pot.l; i (i frt i I i :er; alone had no s i 'i,ificant
 
iiifl nii yi if ::,ado,. ,,.ra; l oi r,, the I r use ii [hout
c, oii Id 

it i nr . rti'li - -'r; TIIIt I Vi -;l .
i! ! 

i:irl hirv, st iii') I thIi- ii do 'i'; , :sll.o l two cuttin 1s 
!it LotI: vi, ld oI dI-v r:l I t '1 - , I-; - ; LIii for a !;iiu I' cutting at 
Iatr p-uik. Cot l ime, It ItV-u jwi- lk cii;-rk,dl'v incr.a s lthe pro
nel iii (11 :l1l -orb; ill II ;; ;t:i l. r clli ;' CuLttilgs ill

sIdt'ci; e. -boil 'I'; in oil-ccn--nt It tt expense of tell
 
;.litIIh, chmil', 

the qual ity 	of :Ih for " I i nd . Prit,,in l iunt ity decreased by 
-;.2-5() 


hI. ttIo.- ri-circ e from ,';irly to late harvesting 

. ,,' ; r " i , I 'a I1 t i t:ri ; ;1ii - l 1 lo e COI 'llt iu1
c cei;l (I b", I . I --I 

In our ,'x-rimont (7,) w,- chi,-vId re;sults close to the 
,,rlictd I if 17-:1") quintals of dri matter per ie. Fertiliza-
Lion of ni, l,',s incrt- -,. tih,-io,-fficielt of ui;e of photosynthetic 
activ, rcdi" tim bv, rn,.-.-lI -r ,a from i).!,, in th, contr ol 110 
1.I I,w ith th I1.(1 lF ] I) '. I.i ::l 

Oir l-ihlv,. !1,:il ti-t ,ldow f-rt ilir:atioin permits 0ro
-;rec:s~ilic' cr p (r', e I ivii . .il 'jo,,,i -1d c,-po;;ition of grass ;tan-'Is 
a Inid l 1.. ,:lt in;ig ill ; ;api Two fold; ti, r--;ldot I lyarya. 
iittin! ici hCo l lirt ili :iti, ;hirpIl r ,li eed Iu,':ldt,, productl ivity. 

(CIt t ilole ll; '"ltI o01f llle-.' -'l-;w;;tl; :11 ltor; te l tilanical composition 
of ti l gre ;!;a t:lI ;. A\Ilt,- IIieat ill 1 ic,,n T ly nld ll. I e i ods';of 
coltti1 1,)1t-iIlli t; ,,Ita;, rv t iIm of the valuabI e s;pec i s of 
-r i;;,,; ciiI 	 h gih prdcil ivi t,. 

Ko Words : 	 f-'It i I i' Z nit, cILt ing ratce, yield, botanical composi-
L ioln , g i; ; . 
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the

Basic Types 	of Pasture Vegetation in 


7-2-1 

Songnen Plain
 

Li Chonghao, Zheng Xuanfeng Zhao Kuiyi, and Ye Juxin
 

Changchun Institute of Ceography, China
 

In this paper, the ecologic conditions of pas

ture vegetation, the constituents of plant popula

tion on the Songnen plain, and their basic types
 

same time,
and the succession are discussed. At the 


some ways of artificial improvement
an approach to 


on natural steppe have been suggested. In addition,
 

two maps of pasture vegetation (1/200,000 and 
1/
 

are presented. In this
750,000) with 170,000 I2 


are 29 lignosa associati .swhich are
region, there 


suitable for gruzing and 450 plant species which
 

than 30
are suitable for forage. Among them, more 


species belong to fine grass of perennial gramine

ous and leguninous plants.
 

Key words: 	 Songnen Plain, improvement of natural steppe, pasture
 

vegetation, lignosa associations, gramineous plants,
 

leguminous plants.
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7-2-2 Grassland Agriculture in the Tropics 
and Subtropics of China
 

Bangchang Zhu 
Guizhou Agricultural College, China 

Making full and reasonale use of all the agricultural resour
ces is one of the uicns of the modernization of ariculture. There
fore J. i of great siCnificance in developing aricultural produc
tio. to make a thorough investiration on agricultural rerources and 
fcrm A correct evaluation of them. 

our ! tuy indicates that the appearance of the woodless phenom
':ia in the tropics and subtropics of China, the basic factor of the
formation of gOassland, is mainly the result of man's economic ac
tivities there. According to the stutistirn, the rrassland covers
about 67,UU,WCO hi., where the climate is warm and rainfall abun
dant. There are rich rpsource in feed and varieties of forage

plants:. Also domestic animals and poultry 
are various in breeds and
strains. The cmndition. for developinrg 'nimal husbtndry there are 
fine and favorable.
 

There are V,9 1e nera and 1,150 species of gr uminaceous plants,

and 139 genera and 1,130 spocies of leturinous plants in our coun
try. Acout 
WO percent of thim are widely dir tributed over the trop
ics and subtropics. They nre of great viue in cultivating varie
tip:s of crops and forage plants.
 

It wa:s been found through investiuation that the conditions of
ucolo-ical environnent and the economic tvpe of the mountain area

have a tremendous effect upon the coMposiLion of animal-herd nad
 
the body-meanurerent 
 appearance and productivity of domestic ani
mals. 'The"sealln5 -style" economic ,'stem of mountain areas has
 
inrioa domestic nnimaly of all .inds in a region for hunnarrow 
dreds cf years. Tae excellent and pure inbred-unfailing livestock 
br eds built through lone artificial selection have greatly enrich-
Eout heredity gene-pool of live:stock of our countr;. 

Te gr;usland-lriculture in tee tropicsind 'ubtropics of China
it of i unique cLariet-r and quite ntron" in velf-sunport. The no
called "orunic-ariculture v:; te" built up throuc-h long agricul
tural practice hc now ecome the basir of the advanced "Chinese
typo" uariculL re. From thp viewpoint of the balance of matter 
 nd
'npr-y in e'o lay, eveiry crop rotition system will be exa,-ined by
the b-sic law of Pcological system.

The jsuetion; on the gru nd ,i;rIculiore in the tropics and
s;:ubtrpicr of China ire: not ai-i ly spec ilzA1 nu'ricul ture and 
tLe milad juntment in r'iuui .re, forestry "nimaland hu bindry.
Our country will rake nood use of the reso'rcos of grassland to
devo.op rs.sfed livsntock-csttl , snoop, horse, r bit, etc. Thus 
toe relit on:s within the structure of agriculture will be more 
rvsonable. 

Key words: Cr:si:1and-l;Iriculture, re2ources(forage plants,
domestic animals), "organic-a.riculture system". 
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7-2-3 Climo-Edapho-Vegeta tiona I lRelationships
 
in the Grazinglallds of Western India
 

it. K. ,. 
Jodhpur, IndiaDistrict Planning Cell, 

Western India is an arid to semi-arid region, an almost flat, 
Indian Desert. Grazinglands

sandy country constituting the Creat 

are the cultivable and noncultiwible wastlands around villages and 

areas. Cattle are allowed to graze freely in these areas in 
urban 

by evening. The vegetation on the 
daytime and 	 return to their abodes 

up only dur ing tie 1onsoon months of Late June 
grazinglands comes 

growth periodi. The net primary
to October, which can be termed the 

of mode and 
production of tiese grazinglands is governed by a complex 

state variables.animaLs pas5ture)and abiotic
magnitude of driving (of to 

To understand the interrelations betweeln the driving, abiotic 
in a grazingland co

and biotic variables, studIies were carried out 
[ndia. Fortnightly field 

system near Ra jkoI, situated in Western 
were made of precipitation, air temperaobservations, for year, 

moisture, temper
ature, relative humidity and soil factors, namely, 

total nitrogen, organic 
ature, field capacity, water-holding capacity, 

of above
carbon, available sodium, potOasim11 and calcium. Estimates 

Made on samethe dates. 
ground and bel ow-groiund phytomass were 

driving
Simple correlation coefficients were computed between 

producers. It is
lbiotic state variables and primaryvariables, with are corre Iated significantly

foulld that the driving variables 	 only,organic carbonsoil moisture and soilthe soil temperature, 
anld nitrogen have ..o significantminerals 

driving variables. Direct significant correwhereas th 	 soil-available 
witl thecorrelations 
obta inled b.tWOen the mnode sand aIsgnitude of above-ground,lations were 

with tile precipitation, relative 
below-ground and total phytomass 

o 011 oioistlre Correlations withOrgallic carbon.humidi ty, soil 
o)i-significant.

all otlilr foectore were found to he 


.nol iysis was carried out for the fort
1ultiple regrsion 

of total phyto, 0ss as a function of combined 
lightly observations 
effect of driving and abiotic state variables. Value of 'r' 1has 

be •...2, which is a significant correlation. ihe 
been worked out to 


in tle m0de 'aind Illagnitude of tile phytLmass are governed

variations 

abiotic state variabiles. Though, indi
by a complex of driving and 

are non-correfac tors a re correlative and others v idua I ly, cer ta il 
structure, 0 combined 

lat wiveto the variations in tile pI,'tomass 
iS found to be highly significant. There

'Ill lactor;effect of the 
v:riat ionS ill t. priMar'; produlcers, in graZinglands, is 

fore, tile 
and not func

a func t ion of a compIk% of c1 imo-edapiho factors is a 

tie of any 	 SinIgle factor. 

Key words: 	 grazinglands, a.id, semi-arid, abiotic, biotic,
 

driving variab'es, primary producers.
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"
 7-2-4 T',! Grasslands of Turkey and Their Management 

M. Sadik Cen;kan 
E.U.Z.F. Gayir-oler'a ve Yembit, Izmir, Turkey 

In Turkey, grassland ranks first in agricultural area, covering

21.5 million ha. Although of great importance for stock rearing and

for erosion control, its acreage is decreasing in favor of arable land. 
This is happening in spite of the coutinuc is increc so in stock numbers. 
Of the total grassland 20 million ha is in natural pastures distributed 
over three climatic zones. The Black Sea District, involving 1.6
 
million ha, has high rainfall dLtributed throughout the year and pro
ducing high yields. This area covers a large 
 part of East Anatolia
 
(Zone i). The steppes of Inner, South 
 East and part of East Anatolia 
include 2.8 million ha of grasslands (Zone 2). The maritime climate 
of the coasts of Mediterranean, i'armnara and Aegean Seas include 6
 
million ha of grasslands (Zone 3).


High-quality species 
make up 70 to 80 percent of the swards in 
Zone I, while in tle steppes of Central Anatolia they amount to only
15 to 20 percent. An attempt is being made to evaluate the various
 
species 
 of the three zones with regard to their importance as feed
 
in order to characterize 
 the swards not only in botanical and ecologi
cal terms, bu. also to determine the feeding value. Pastures in
'lurkey are overgrazed and thereby production and botanical composition 
are adversely "iffected. Practical measures for improvement will be 
presented.
 

Key words: grasslands, management, Turkey.
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Grass-Legume Mixtures and Fertilization as 
Factors


7-2-5 
of the Ecosystem of Cultivated Grassland 

6 
M. Mijatovic, J. Pavesic-Popovi , and S. Katic 

University of Belgrade, Yugoslavia
 

natural grasslands 
such grass-

On legraded soils in hil ly-Mountain regions, 

are impoverijhed, low-yiolding, and low-quality. While 
fertilization and

lands yieli 1870-2430 kg/ia of dry matter without 

6040-6800 kg/ha with NPK fertilization, cultivated grasslands are 

by far more productive
to 1979 and from 1975 to 1980Experiments conducted from 1971 

in different ecological conditions of the hilly-mountain part of the 

country, involving 16 grass and grass-leguminous mixtures used for 

the establishment of cultivated grasslands, showed that it is possible 
in hilly

to obtain the yields of 10,184-12,670 kg/ha of (try matter 

kg/ha In mountain regions. Differencesregions, and 7,940-11 ,720 
in the yields of the examined mixtures were not always statistically 

the cultivatedsignificant (LSD 0.05 and 0.01). It was found that 
of components, which

grasslands with tali grasses and 1imi ted number 
and more productive.(10 not incIlud 1eurnies, were more vigorous 

Fertilization had high on the examineda effect mixtures, 
r:inged from 6,794 to 12,670 kg/ha 

than the control. Statistical dif
especially on theii yields, which 

of dry matter or 72-225 higher 

ferences wer highly sig;nificant at both levels of LSD. One kilo

ram of NIK nutr' -nts produced 10.84 to 20.00 kg of dry matter, most 

freqiuently 13.70 to 18.43 kg. 
of grassFertilization affected considerably the :amposition 

of plant species and groups,and the quality of
o'.oer, partic' pat ion 

herbage. 

Key words: cultivated grassland, mixture, fertilization, productivity 

and quality.
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7-3-1 
 Ecological Energetics at Primary Level
 
in (;razed and Protected Savanna 

R.S. Ambasht, A.K. Singh and K.N. Misra 
Banaras Hindu University, India 

Quantitative dynamic studies of incident solar radiation over
 
a grassland, its entry into 
biotic systems and fractionation into
 
vegetal components and release through litter fall 
over annual cycle
 
gives a proper perspective of the productive status.
 

In Chandraprabha sanctuary of the Varanasi Forest Division
 
(India), two sets of 
 savanna stands, one under heavy pressure of
 
uncontrolled cattle grazing (S-2) and the 
 other enclosed by barbed
 
wire fence (S-1), 
 were analysed for incident solar radiation, net 
energy capture and release through litter fall by the vegetation
(predominantly grasses and some shrubs of Zizyphus jujub ). Energy
 
storage and transfer rates 
 of vegetal systems were fractionated into 
standing live, standing dead and underground parts and litter for 
herb layer and leaf, branch, bole. Underground part- and litter for 
shrub layer have been worked out through short-term harvests and
 
energy est~mations (bomb-calorimetry).
 

In protected stands 
51,.9 x 10 kcal/ha/yr, representinR 0.9%
 
of the in, ;"-nt solar radiation, goes into net production, el which 
18% is sho 2d by ZizypIus jujuba shrubs an 82% by herbs. Net 
available energy value 3drops to 5.29 x 10 kcal/ha/yr in grazed 
stand with 0.54% efficiency but shared by shrubs and herbs in 
the
 
same proportions. About 20 to 257 of net energy production is re
leased 
by way of litter fall and most of this was decomposed rom
pletely within oae ytear (88%). 

Primary productive status of this savanna is lower than for 
most other grasslands of the region. The savanna has withstood a 
very severe pressure of uncontrolled grazing through a variety of 
mechanisms iacluding replacement of dominant species and exclosing 
has led to an increase in primary production of only 40%. 
This
 
site on a hilly plateau can be satisfactorily used for controlled
 
grazing.
 

Key words: solar radiation, energy capture, grasses, shrubs.
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on the Forage Production
7-3-2 Climatic Impact 

in Tropical urasslands of Varying Grazing Stress
 

S. K. Billore
 

Vikram University, India
 

in terms of response to forage production
Vegetation analysis 


essentially requires examination of the relationship between plants
 

driving forces cf the environment. Some

and the regulating and 


a greater response than others, either

climatic faLtors will elicit 


assess the cumulative
alone or when in combination. Therefore to 


factors on forage production, a

and individual impact of climatic 

multiple regression equation of the type Y = a + blx1 + b2x2 + b3x3 

+ + is used to construct a mathematical representationb4x4 b5 x5 

of those abiotic factors which are apparently related to vegetation
 

and which best predict forage production. Such equations 
are
 

(viz., zeroderived for four grasslands of 	varying grazing stress 

rate 19 buffaloes/ha;0; grazing-stockinggrazing-stocking rate light 

moderate grazing-stocking rate 	 41 buffaloes/ha; and heavy grazing

by using all possible combinations of
stocking rate 50 buffaloes/ha) 

mean air temperathe five independent variables (% soil moisture, 

radiation), with forage
ture, rainfall, relative humidity and solar 


variable. This experiment was carried

production as the dependent 

out on the four grassland sites for one year (1974-75), located 
' E ,

75043within the Vikram University Campus, UjJain (23011'N, 
of forage productioninmsl-490 m) in Central India. Time series data 

in terms of aboveground live biortas" dependent variable, whenas 

the series daia of the independent variables,correlated with tilie 
(state variable)yielded some interesting res:lt:;. ',oil moisture at 

all the four grazing site,; and ,-'i.,r rediation (driving variable) 

at three grazing sites showed a predoe'inating positive contributing 

the total annual rain
factor infiuencing forage production. Most of 


fall at th,, study area falls within four to five months of the year,
 

and soil moistu.e and solar radiation do not becose limitinp as they
 

are available for growth throughout the year.
 

Key words: tropical grasslands, multiple re;gression equation,
 
state
forage production, climate, driving variable, 


variable, grazing stress.
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7-3-3 Climate/Vegetation Relationships in 
Southwestern North Dakota
 

L. A. Joyce

Rocky Mountain Forest and Range Experiment Station, U.S.A.
 

The purpose 	of this study was to examine the relationship between
climate and 	vegetation at various sites in southwestern North Dakota.
 
The objectives were to determine the best quantitative relationship

between precipitation and standing crop at each of 8 sites and to
 
determine if the relationship was similar acros. sites.
 

Long-term records of the original quadrat data measuring

vegetation production and on-site precipitation were obtained for 7
 
pastures at 	the Dickinson Experiment Station, and I at the Mandan
 
Experiment Station, 
North Dakota. Major grasses included one or more
 
of the following: needleandthread grass (Stipa r-mata), blue grama

(Bouteloua gracilis), carex (Carex spp.), Kentucky bluegrass (Poa
 
pratensis). One 
site was dominated by big bluestem (Andropogon
 
furcatus). Vegetation was protected during the grazing season by cages
 
set out at the start of the grazing season. Correlation analysis was
 
used to determine the most significant relationship betw en monthly
 
or groups of monthly precipitation and standing crop and regression
 
analysis was used to develop the quantitative relationshps.
 

The results 	showed that no one month of precipitation consistently
 
predicted standing crop at each site across all sites. 
 Groups of
 
monthly precipitation which spanned the growing season (March through

June, April 	through June) were significantly correl-ited with yield
 
at each site. On the big bluestem site, standinq crop was correlated
 
with precipitation periods which included March and April 
and months
 
until June, 	but not with periods of precipitation which started after
 
April. This contrasted with sites dominated by blue grama and
 
needleandthread grass with small quantities of western wheatgrass
 
(Acropyron smithii) 
and carex. On most of these sites, standing crop
 
was corre.- -d with any group of monthly precipitation from March
 
until July. The fall precipitation (September and October) was never
 
significantly correlated with standing crop at 
any site--however the
 
fall plus April through June and the fall plus April through July

precipitation were each sigrificantly correlated with standing crop

at all sites, but one at Dickinson. Precipitation received previous
 
to March was not significantly correlated with standing crop. The
 
correlation coefficient for winter precipitation (November through

February) and standinq crop was always necgative, but not always
 
s i ificant.
 

Prediction of August standing crop could not 
be made any earlier
 
than the end of April for any of these sites. i'recipitation received
 
prior to the growing season was , f little predictive value. When
 
models based on similar independent variables, either individual
 
months or combinations of months, were compared, there were no
 
statistical differences between the slopes of most 
site models. The
 
implication is that 
the estimation of kg/ha per cm of precipitation 
at each , ite would he similar to aIllother sites in southwestern 
North Dakota, however, this is the result of a wide confidence band 
around the estimation at each site. 

Key words: 	 precipitation, vegetation, southwestern North Dakota,
 
predictive mocels.
 

221
 



Grass and Forb Production on Sprayed 
and
 

7-3-4 

Dunelands
 

Non-sprayed Mesquite (Prosopis glandulosa 	Torr.) 


in South-Central New Mexico 

R. P. C'ibbens
 
Jornada Experimental Range 

:!ew Mexico, U.S.A. 
USDA-SEA-AR, 

and forbs w,,-measured for four years,
Production of grasses 

3,634
applicat on of 2,4,5-T to 


beginning in 1976, following aerial 

the Jornada 

ha of mesquite (Prosopis glandulsaa Torr.) dunoelands on 
Plant production was

in south-central New Mexico. 
The mesquite duielands areExperimental Range 

a 3,318 ha control area.also measured on 
areas in the southwestern United States where 

representative of large 
of theformer desert grasslands. Objectives

mesquite has invided 
forage increases attributable to reduced 

study were to determine 
to evaluate the relationships between pro

mesquite competition and 


duction and precipitation.
 
grazed by cattle. Temporary


Both spraye* and control areas were 

on 

excLosures were sampling sites
used to 	exclude cattle from three 

area yea-. 3ampling sites were all 
the sprayed and control each The 

(>50 cm to caliche
sites wit.h relatively deep soils 

on sandy range 
sampling system permitted the determination 

layer). A dune-centered 
areas. The mes

of differences in production on dune and interdune 
produced more annual 

quite dunes, occunying 28% of the land surface, 
areas. Stem kill 

forbs and les perennial grasses than the 	 interdune 
on the sprayed area. End

used to compare treatments.
 
of mesquite averaged 56% at sampling sites 


of-season harvests are 

and 4-fold greater on the
 Perennial grass production was 7-, 8-, 


in the 
firsL three years following

sprayed 	than on the control area 


Maximum 	perennial grass production of 642
 
treatment, respectively. 


season following treatment. In the
 
kg/ha occurred in tilefirst 


year the control area received 49 mm more precipitation than 
fourth 

did the sprayed area and production of perennial grass was nearly
 

Mesa dropseed [Sporobolus flexuosus
 
equal on the t'so treatments. 

the perennial grass production.
(Thurb.) Rydb.; contributed 66-92% of 


annual varied widely among years but was
 
Production of plants 

the season when prec pitation patterns favored 
greatest in fourth 


annual plant growth, particu..rly on th, control area where annual
 

Product ion of broom snakeweed

forb product ion was 543 kg/ha. 

(Pursh) Shinners) cycled from high to low 
[Xanthocephalum sarothrae 


and back to high on both 
 treatments. 
effective tool for improving forage pro-


Mesquite control is an 

the success of control efforts depends

duction on arid rangelands but 


not only upon the degree of brush 
 kill but also upon the 

post-treatment precipitation patterns.
 

Key words: mesquite, rosopis $landulosa 	Torr., mesa dropseed,
 
Rydb., 2,4,5-r, forage
Sporobolus flexuosus Thurb.) 


production.
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7-3-5 Population Level Studies of a C3 and a C4
 
Rangegrass in Southeastern Arizona
 

J. Gurevitch
 
University of Arizona, U.S.A. 

C4 photosynthesis has been shown in the laboratory to be highly 
advantageous under bright, hotdry conditions. C4 (warm season) 
plants under these conditions are able to gain more carbon and lose 
less water than C3 (cool season) plants. Large scale geographic
 
surveys have shown that C4 species become more numerous in warm, 
arid environments. The objective of this study was to determine if 
actual advantages to C., photosynthes is existed on the population 
level. 

The study was conducted in the southeastern Arizona grasslands, 
where there are over 40 species of native C4 rangegrasses. Only one, 
New Mex co needlegrass (qti pa neomexicana), it. a grass. The studyC3consisted of a survey of local vegetation patterns, and a large 

field experiment. The vegetation sttu'y zh.,.ed that tile needle-C3 
grass is found not on cool or wet sites, out on dry, exposed ridge 
crests wiere total grass cover is low. It reaches its highest cover 
where tie more favorable uppet soil horizons have eroded away and a 
higihly calcareous, nutrient-poor C horizon of low water holding 
capacity remains. Furthermore , it is found in the central, driest 
part of tie valley studied, rather than in the cooler and wetter 
surrounding foothills. 

Those ridge crests ott which it is found are unfavorable for 
the needlegrass as well as for tit grasses. However, the effectsC4 
of competition here are low. It appeared that grasses migit beC3 
excluded here, at the limits -f their geographic distribution, not 
by climate bit by competition with tile C4 grasses. An experiment 
was designed to measure competition in different locations in the 
field. Neighboring plants were removed around target C3 and C4 
individual buncltgrasses. The C4 species used was Arizona threeawn 
(Arit :ida arizonica), which is comtnonly found with the needlegrass. 
,rtwth was followed. lt, removals wore performed at three locations 
-- ott a -ive. crest, where tite C3 was dominant and total cover was 
low; at ttidslope , where species had increased and cover wasC4 
highr; and ott a lower part of the slope, at the border of the C3
poptulation, where total cover was greatest. 

Results confirmed the picture sugested by the vegetation pat
tert. Bott the iteedlegrass and tie threeawn grew best on the lower 
slope -andt least on the hill crest. Tie effects of competition on 
seedling, germination and(i survival, as well as on tilt, growth of mature 
plants, was also greatest or the lower slope and least on the hill 
crest. Competition was most seve.'e du-ing the summer and early 
autumn when the C4 grasses ii the cots; nity were most active. Tim
ing of growth for both species wa. aff. cted more by competition than 
by temperar.,re. 

rhee data support the concl .,ion that tile only rangegrassC3 
it these C4 grast;lands is limited in distribution, in seedling ger
mination and s "vival, and in the growth of mature plants by compe
tition with the more ;uccesful C1, grasses. Plants with C, photo1 
synthesis to indeed have populat ion level advantages in this envir
onment. 
Key words: competition, C4 photosynthesis, Stipa neomexicana,
 

Aristida arizonica, warm season grasses, population
 
ecology, species distribution.
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Situation and Prospects of Meadow Culture
 
7-4-1 


in the USSR 

N. C. Andreev
 

Timiryazev Agricultural Academy, Moscow, USSR
 

Meadow culture as a branch of forage production continues to 

play an important part in tile USSR in supplying cattle with cheap and
 

complete feeds. This is favored by vast areas of natural fodder lands
 

of the developed animal husbandry.situated in many regions 

In the field of grass growing some theoretical foundations have 

been worked out and practical recommendations developed for estab

lishing and using highly productive cultivatc: hay and pasture lands, 

na:sely, tile most effective methods and rates of irrigation and the 

optimal levels of fertilizer application on different agrophones 
allow the prediction ofhave been determined. The results obtainel 

the effects of soil conditions and fertilizers on the yield of legu,,

grass stand.;, the chemical composition tnd digestibility of the fodder, 
quality of milkthe productivity and health of the aniia, s and the 

and other animal products. Methods for increasing pasture produc

tivity in arid regions have been revealed and are being widely intro

due to the local zerophytic wild-growing plants.duced into practice 
is being paid, by the research institutions,Particular attention 

to the development of new perennial grasses for all zones of the 

country. The farms need varieties of perennial grasses that produce 

and seed, that are high in digestiblehigh yields of dry matter 
prote in and essential amino acids, that are resistant to pests and 

stands and are long-lived.diseases, that can compete well in grass 

Under conditions of intensive use of grass staqd in areas of culti

farmers face other problems such as persisvated grassland farming, 
tence of plants after many cuttings, quick recovery of plants after 

grazing or cutting, differing times of plant maturity for obtaining 
is alsouniformldevelopmerntof forage during the growing season. It 

necessary to (love lop grass mixtures by choosing species suitable for 

and groups of animals and for different methods ofdifferent types 
use either for hay or for grazing. 

Alon c with the: above measures aimed at the improvement of the 

existing fodder resources, the execution of the programs for in

creasing the productivity of natural grasslands is of great import

anc,. They arc first of all the amelioration of hay and grazing 

lands, their ;urface. and radical improvement, then higher applica

tion of miner-al fert ili:ers, and the development of cultivated 

pastures, e.;pecially irrigated ones. Implementing these measures 

area by 2 to 3 times,increases the yield of fodder pe. unit of 

even hilihohr under intensive culture, and improves its quality. Tile 

measuros allows for decr,(ased feeding ofimplomentat oln of these 

bIeef catt h and sheep and rclea'es considerable
grain to airy and 


ar.as 
 of arab]c laund for production of food and industrial crops. 

of urgent problems connected withA , res5;ult of solving a number 
of animal industry it is possible to providethe further development 


the liv,.stock 
with enough an(d proper forage. 

Key words: meadow culture, forage yield, fertili::ation, irrigation, 

animal proluctivity. 
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7-4-2 Use of Fodder Production Models for Mineral 
Soils on Grassland and Arable Land
 

J. Bocliniarz, B. Kaczuska, M. Kasprvykowska, and 11. Laniewska 
Institute of Soil Science and Plant Cultivation, Poland 

In four regions of Poland experiments begun in 1973 and planned
to last 12 years compared cuLting and grazing yields of permanent
grasslands over 20-3(0 years ol to yields of seven field fodder
production models. The models had 3-, 4- and 6 -year rotations. Theexperiments were located on mineral soils with 28-502 silt and clayand 2.1-3.5 humlus. The water table depth varied from 44 to 170 cmin spring, and 115 to more than 175 cm in summer. Average precipi
tation during the seasongrowing (April-October) was 375-515 uin and523-658 nmi annually. Average annual fertilization was qq follows:N- 0) ),, 1P)5-150, and K)0-280 kg/ha. Experii4ients usei th randomized
blotK methee with four replications of 36 m- plots k82 m ;ross).

Results after eight years showed that the avera,;e annual yieldLof green mat ter were 54-75 t/ha (t=1000 kg); fodder Ieet roots

116-135 t/ha; potatoes 30-39 and
t/ha broa-l bean seels 3.1-3.5 t/ha.Calculated in comparable units, the yields of dit,.cstible protein

were higvhr in pastures and meadows 
 (1.6 t/ha) thao in the other

models (0.98-1.16 t/he). Yields of 
starch from meadows were 7.2
t/ha; from pastures 6.0 L/ha; and from field models 5.8-7.6 t/ha.
Starch and prot.,in yields calculated in cereal units were 12.7 t/ha
from meadows , 11.2 t/ha from pastures, 11.8 t/ha from the highest
yielding field mod, . and 9.6-10.8 t/ha from the other field odels.
These results showed that permanent meadows and pastot'es lying on
minere! soils and under intensive fertilization and exploitation
yielded as much as cultivated fields and still maintained a high

level of productivity after 
 eight years of intensive exploitation. 

Key words: meadow, pasture, grasses, kale, bean, beets, potatoes, 
maize. 
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7-4-3 Productivity and Botanical Composition Response
 

of a Stabilized Pasture to Different
 

Utilization Patterns
 

Edmundo Riveros V. and Alfredo Olivares E.
 

University of Chile
 

The effect of 3 different utilization patterns upon the pro

ductivity and botanical composition of a Chilean southern typical
 
a year of growth.


naturalized pasture was studied during a period of 

a naturalized


The trial consisted of cutting the sward of 3 plots of 

of Chile when reaching a 

pasture of a perhumid zone in the south 
of 5 cm. This

height of 20 cm on average, leaving only a height 
in 3 plots of 20x20 m using the following
process was carried out 


bovines; plot 2, mechanized harvesting
methods: plot 1, harvesting with 

a cutter machine; plot 3, no harvesting but sampling each time
with 

from the start
the accumulated total of forage during all the period 

3 plots
of the trial. The botanical composition of pasture in the 

when starting the experiment was: Lolium spp., 16.4; 12.7; 14.8; 

Dactylis g1omerata, 24.0; 23.6; 18.1; Anthoxanthum odoratum, 0.7; 

4.3; 6.2; Oder grass spp., 2.1; 2.3; 1.9; Trifolium spp., 4.5; 2.7; 

7.4; wide leaf spp., 12.9; 7.7; 8.9; organic matter, 31.4; 35.9; 37.0; 

in the plots 1, 2, and 3, respectively.
bare soil, 8.0; 10.8; 5.7, 

variations in botanical composition were observed.Unimportant 

Seasonal variations of species are analyzed in the paper. Annual
 

9,184 kg per ha in 1, 2
 
dry matter yield was: 10,442; 10,147, and 


Seasonal yield variations and the ecol
and 3 plots respectively. 


these types of pastures is discussed.
ogical plasticity response of 


Results suggested that pastures with several species and with
 

can be utilized among a wide 
a high homeostasis and stability grade 

range of possibilities without affecting significantly the pasture
 

of growth. This is very important for
performance in a year period 

circumstantial changes ofthe farmer of these zones who must face 


management accorditig to environmental and economical seasonal con

ditions. 

composition, pasture
Key words: naturali;ed pastures, botanical 

pasture ecology, humid ecosystems, pasturemanagement, 
productivity.
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7-4-4 Yield Formation of Perennial Legumes, 
Legume Grass, and Grass Stands 

G. V. IIlagoveschensky and T. . Neretine 
All-Union Academy of Agricultural Sciences, Non-Chernozem Zone, USSR 

The amount of fertilizer, supply of water, and frequency and
 
dates of cutting plants are the 
 main factois which affect yield of
 
grass stands and contribute to quality of fcdder.
 

Research has shown that 
 formation of hijhly productive grass

stands that will withstand multiple cutting 
 sholId be ba,.sed on bio
logical features of plant growth 
 and development and creation of con
ditions for optiuum photosynthetic potential and the highest effi
ciency of photosynthetically active radiation as regards separate
 
cuts and also ,uring the entire vegetative period.


Mass accumulat e; in perennial grasses from early to 
 lter phases
of dovelopisent and during the final period of formation of photo
synthetic mechaniism. After that the 
 rate of mass accumulation of
 
grass stands is lowered more than three t imes, and 
 the mass accuiu
lation results from growth of stems.
 

The hightst yield of 
dry matter, protein and other nutrients is
 
obtained by cul ting perennial cereal 
 grasses when mass accumulation
 
rate is lower,',.
 

The greatest effect of fertilizers oit the 
 rate of mass accumu
lation occurs during ti, 
 final ;t ,,woof leaf formation. For instance,

application of fertili:sor during shooting, led 
 to increased growth of
orchardgrass by 41.6 to 73.5 percent, and during blooming by only 
25.0 to 50.1 percent. 

The greatst effect Of nitrogCnous fertilizers on amino acids
 
synitltsis is during leaf 
 tubte formation, i.e. ear e-mergence. With
 
fewer cuttings the 
 amount of nitrogenous fertilizers can be increased.
 

The amount of nonprotein nitrogen, nitrate, deposition is

invrsely proportionate to the duration 
of mass formation.
 

Application of nitrog eou:s fortilizers at the level 
 of 300 kg/ha
resulted in yields of cerea l gras se (awn less bramegrass) above 100 
quintals of dry matter aid 18.2 quintttals of cri.de protein per ha.Alfalfa fert ilizer wi Lilpospioru and potassium yielded 75.5 quin
tals poi ha and with nitrogon yielied 100 to 88.0 quintals per ha.
A imixturc of imiles; bromegras; and alfalfa fortili.72d with 300 kg of 
itrocen yie.lded 100.8 qinititals; of dry matter and 20.3 quintais of 

crude proteit per ha. 'os itive balance of phosphorus is obtained 
with applicat ion of 90-120 kg and io; itive balance of potassium is 
with 300 kg/ha. ligh yields of p,'rnnial grass for quality fodder 
require il balance of nutrients in Hie soil. 

Koy words: fertilizati.oi , nitrogen, phosphorus, potassium, alfalfa, 
grasses, yield. 
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7-5-1 Mortality of Sorgo plants After Cutting 

Y. 	 Takasaki, 11. oizumi, and 11. Nojima 

Chiba University, Japan 

Sorgo(Sorghum bicolor Moench) is usually harvested 
twice a year
 

in Japan, and three times in the southern part. Some sorgo plants
 

cannot regrow and die after cutting, which 
leads to low aftermath
 

yield. The authors have been studying 
this death of sorgo plants
 

to clarify what cul
for three years. The purpose of this study is 


sorgo communideath and what plants die in the 

tural factors cause 


ty. 
to 1979, to
 

Three field experiments were carried out 
from 1977 


the sowing date, planting density, nitroinvestigate the effect of 


gen(N) level, and cultivar on the mortality 
rate after cutting. In
 

mortality,

1979, to investigate the effect of high temperature 

on 


sorgo plants which had received cutting 
treatment were grown in
 

'
 

growth chambers set at 35/30'C,30/25 C, and 25/2"°C day(12 hours)/
 

In order to obtain information about what 
plants


night(12 hours). 


die, plant characters of all the plants 
within lm2(2 repetitions) in
 

re
the sorgo community were recorded at cutting 

time in 1979. The 


also recorded. Correlation and multiple
growth 	after cutting was 


regression analyses were done.
 found to
 
The mortality of the sorgo community after 

cutting was 


increase when plants received cutting 
treatment at too early a stage
 

as the 	 density was increased,
of growth. The mortality became higher 

increased. There were s~gnificant differences
 and as 	the N level was 

The high mortality of cultivars 

in mortality between cultivars. 	 was 

lateness and low Brix. The light extinction curves
 closely related ta 

not always explain the high mortality of 

cul
within the canopy did 


tivars. The growth of sorgo after cutuing,in 
terms of yield, became
 

Therefore, it was im
more vigorous as the temperature was increased. 

to consider that a high temperature in natural conditions 
possible 


site could be responsible 
 for high mortality.
in the 	 experimental 

lower classes of frequency

Almost 	all the dead plants belonged to the 


distributions of plant length, plant yield, 
and Brix. They also be

the h~igher classes of N content. Positive correlations 
were
 

longed to 


found between plant leng-h, plant yield, and 
Prix. N content was
 

found to correlate negatively with 
these characters. 
The multiple
 

regrowth was a dependent variable,
regression equation, where yield of 


N content were independent variables, ac
and plant yield, Brix, and 

linear regression equation,
92, of the variation. The 

where yield of regrowth was a dependent variable, and plant yield
counted for 

the variation. It
 
was an independent variable, accounted for 90. of 

the Iinear regression equation explained the re
was considered that 


multiple regression equation.

lation 	 just as well as the 

we were able to identify the 
In this series of investigations, 


cultural factors affecting the mortality after 
cutting in the sorgo
 

and multiple regression anal-
Results of the correlationcommunity. 

new knowledge about the behaviour of individual plants
 
yses gave us 


in the crop community receiving cutting treatment.
 

sorgo, Sorghum bicolor Moench, mortality, Brix,
Key words: 

regrowth, multiple reression analysis.
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7-5-2 Factors affecting Cyanogenesis in White Clover 
(Trifolium repens L.) 

J. L. Wheeler and P. J. Vickery 
Pastoral Research Laboratory, Armidale, Australia 

Populat ions of Whiite clover (L.. ','icu; .) from tile warmer
limits of its cl imatic zone normal ly contain a high proportion of

cyanogenic IndividualIs. These plants 
 release hydrocyan ic acid (IICN)

wlhon eaton by ruminants but are 
 rarely, if ever, toxic plresumably
because tile high sulfur content of the plant enni< res ready detoxication 
of IICN by the format ton of thiocya;nate. It is postulated that
thiocyanate, a con firmed goi trogen , is i causal factor in tihe sporadic
outbreaks of neonatal goitre reported in sheep grazing wh ite clover.
 
We used controlled environment cabinets to determine the effects 
 of 
age, light, temperature, nitrition and wilting on tile IlCN potential
 
(IICNp) of white clover.
 

Experiment 1. Clones from cyanoenic white clover plants were

established it, 96 pots containing 
 1.7 1 of low fertility soil, ,nd tle 
plants were grown for 68 days at 21C da:y/14°C night temperatures andharvested. lie following treatments were then appl ied in a nested
 
factorial arrangement. N ammonium
- nitrate equivalent to 0, 75 or
 
150 kg N/ha; 11 - Nahl:',10,.210 equivalent 
 ,, 0 or 30 kg P/la; Light 
96 or 227 v-Ei/m/sev for 16 h/d; temperature - 14/9 or 22/17'C.
Regrowth was ha rvestel after 30 days. In Experiment 2, six plants/pot
were established from seed (cv lluia) in 72 pots (1. 7 1) and grown fo 
66 days at 211/ So before harvesting. Regrowth was harvested after 19,
33, 46, 6(1, 75, 95, 116, 137 aiid 159 days. Half tile pots to be
 
harvested on ealch occasion were mode ra tely 
wilted by witholding, water
 
for 2-£d . All samples from both experiiemts were analysed for
 

I N , d tisted v ('ovO ri ance for P re-oxpe ri mena IiIICNp, was

reduced Iby higher light intonsitv (51 vs 22 mg. IICN/100 p 1M; P <0.001),

b' increased temperature 
 (41 .s "32; P -: 0.05) and by P1)application

(38 vs V,; P ': 0.0 ). 
 -,, ':Lination of low light, low temperature,

and poor 1) status gave a 
 mean IiCNp of 61 mi> '%:N/110 pg3D1 while higher
levels of ea ch of these factor gave a mean of 20 mng IICN/100 p MI.
 
ThIese 
 effects may be explained b the hypothesis that IICNp diminished
 
as the size and 
 vigpour of tileplant increased: use of DM production

as a covariate 
 on IICNp removed the significant effects of i ilt,
 
temperlttlre and P.
 

Ill Lperinent 2 plant 
 ae r;lther thail wei ght aicotllted for most 
varlani, e ill IICNp; a ttlip1anI t a p1,d IICNp declined curvil ine rlv
 
(ICNp (mg/1eO g DM) 17.9 - 0.51 1 + (.002 d'; 1) - 0.001 : k-7 = 76;

( - days of l'ec.rowth) . .i I tiug plrint prior to harvst (moistiure

coll olut 0)- Vs 797 iIll controls) increased IICNp (II vs 14 ma,/1(0 p,I)M;

P '" 0.001) and redliced D1 yield by 97.
 

The cdi it ioins shown 
 to favour Ihph !lCNp, lammnelv i[mmturi ty,
moistitlre s less, low ]i n.. otls itv, cool tempera tlres, and inadequate
I' st11) 1 Y, o((llr periodically I n l t uimn I eairii I yateii 11n11 l sprinp, iti 
I eilIetI'1 Li' i mfgltna 5llsheept, . 01 ill ];lt[, pre'glllcy a1 this time, could, 
if wh itl c Iover c omlpr ic; s a ! mst ;inttI a 1 proport ion of the i r Ii e t,
experience ;ipi-oii-ilo lVilll abli:ilsorpti-Ill ;Ind he ce icllrease the 
risk of oitre ill th - I,mh. 

Key words: to clovi-r, It(;N I olentisil, wilting, nlutrients,
Iigit, temperature, p)oitre. 

age. 
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Grass Tetany and Aluminum .-5-3 Rlelationships lBetween 


and Manganese 
 in Soils, Plants, and Animals 

and 11. M. SelimF. G. ltembry,
G. Allen, 1). 1..Robinson,Vivien University

Virginia Polytechnic Institute and State 


University, 
 U.S.A.
and Louisiana State 

s i a
il or grass tetanly of ruminant ani-

The etiology of hyoagne5 
to lowit is s0mletimlies dueAlthoughis not well understood.mals interfere withimbalances mayseveral mineralmagnesium (Mg) intake, 

of tis study were to 
Mg utili zation by ruminan:s. Tie ohjectives 

with grass tetany and describe
imbalano s associ;Itedidentiffv mineral 

under whichll they occur.reLitionshipsthe soil-plant-allimal and bloodcontents,forages, rumenMineral levels in soils, 
outbreaks in Louisiana. 

serum were investigated during grass tetany 

calcium (Ca), potassium (K), phosphorusof Mg, 

(Zn), and manganese 
Total concentrations 

(Mn), althougi variable,
(P), sodium (Na), zinc 

rumenin soils, forages, and 
were generally within acceptable lilits 

(Al) were found 
lowever, high concentrations of aluminum

Contellt, 
Forages commonly contained 2,000 -. 8,000 ppm 

at all tetanv tit. 
from dleal tetany animals averaged 1,900 

and tumen coni tent samp11lesAl 
ppm Al.
 

followed by a temperature
ll gh soil moisture and lw temperatures 

assoc iated with grass tetany by other in
rise above 14 C have been 

Our studies indicate forages accumullate Al in response
ve,;tigators. increasedAl concentration significantly 

sites (r=0.62"*). Ryegrassto Lhose factors. Fo rage 

with soil moisture level at tetany 
in a greenhouse con

(Lci'itim slut {>'"a, lam.*,' grown oil ponded soils 
and Mn and lower
Al 


tained sigiificait ly higher concentrat ions of 
(11=f 0.05).
M, anti Ca than grass grown on drier soil 

concentrations of 
0- 1 C ill i,rowth cabinets accumulated nore Al than 

Plants exposedL to 
grown trnderIn field studies, ryegrass

111:111 cXposed to 8-12 C. 
1,000 ppm Al foiloving a rise ill 

ponded conditions accuimilated over 


14 C, while grass grown 
 on uell-drained sites 
soil tem-lerature above 


acCUMUlaltd less than 500 ppm Al.
 

Il 'viO studies indicated that Al reduced the 
it 0 (l'and 

8,000 ppm Al
Ca to ruminants. Additions to 

availabil it' (if M>g and 

(1 vit' (li, e ;tioll ttiiel& reLduCed the so1lubility of Ca and Mg by 74
 

48-hour incubation period. 
 Fistulated
 
and 567', -espectivelv, after a 

ppm AI showed depressed serum Mg 
steers trtlattl da ily'.wi li 4,000 

, annd the I evel s de
hours a ft er t reitment beanlevels w it'illn 24 


durlim the four-day period (l'= -' 0.01).

aIpptoximateilY 327 ilcreased andc iied 01tinlll , strilllI Mg levels

,f~tr Al trtIltlellt w 11 tIdI 

da.-s later. Serum ;a lvels were 
1l0,'.erol lian controls three 

ion s of Mn to the rumen had noAddii
ilot ;lffet'c'd I',' Al treatments. 

1nt fl ct' oilstrum Ci or Ng. 
tbre,ik illanimals 

siitnifical 

fed rvegrass


Allin st igot;1(1on(If a tetany o 
from 100 to 8,000

hay revelled AlIoiceinttrtions illthe hay rangling ' e 
hay, tiltwater-soll" l
 

ppm. Althougi total Mg was s1im1ilar for all 

hiih Al hay suimples. Total Al was 
Mg fracti(,n ;-:eraged 327 les in 

a 
neIat ivelv correlatod with ,,ater-solule Mi, (r= -0.97**). In 


was hiillv correlated 
with tile Mg
 
tLetanv-prone pasture total AI 


'. 111 in cncentratted hitochloric acid

insoluble 

show1 i very ,;trong relationship betweenfraction thal 


(r- 0.98,*'). 'lhiese reoult 

the occullrrence of 
 g rass tetany.
 

high f(orasge Al 'I lllitrat i1010 an11d
A 

1 ',s tetaly, tl111n11 him accumulation,
K'.' wirdo: l -poliIo l -,l(llmia, 

r~l~lillt m rit2ion. 
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7-5-4 Presence of Pinitol in Various Legumes:
Its Effect on Forage Quality and Animal Metabolism 

N. Ghiasud Din, A. E. Smith, and 1. V. Phillips 
University of Georgia, U.S.A. 

lijositol methyl (tiers have been known to occur in plants for many years. Itowever, until tile recent ava ilabi Iity of i mproved
chron,.xographic techniques, they were not considered to be major
constituents of 1tage legumes. Using procedures developed in ourlaboratory we found ID-3-O methyl chiro-inositol (Pinitol) to be amajor constituent in the foliage of many legumes. Therefore, research was conducted on the physiological function of pi..itol
its influence on forage quality 

and 
and animal metabolism. For studies

involving plants, various cultivars of alfalfa, red clover, whiteclover and birdsfoot trefoil were employed. Dup licate samples fromeach harvest woro extracted with 807 ethanol, and anIly.-.ed for pini
tol content by CLC. Albino rats and meadow voles (IMicrotus penneylvaniCUs) woe: employed for metabolism studies in animai.ls l'initol 

was fed at 4-107 level and feces, urine and various organs anawere 

lyz'.ed.
 

Data on pinitol concentration in the cultivars alfalfa,
of redand white clover indicated a minor but significant difference among 
spces . But probably of greater significance was the high pinitolconcentration relative to in thesucrose foliage of these species.
Its concentration was nearly equal to sucros, in red clover and
h irds foot tre foil , and nearly ha If as much as sucrose in alfalfa

and in white clever. In greenhouse-grown plants, pinitol content
 was similar to s;ucrose leaf stem
in and tissues but it was 4 - 8
times highir in foliage than in the root. It was 
 also observod that
plants grown in greenhouse contain(,d in addition to cyclitols, con
sid,,rablo quantities of fructose, glticose and sucro,,, but as the
pl ants maturd, ::ucrose and pinitol 
wore the major soluble carbo
hydrates in plants.these Also, pinitol content was foiund to be
unaffected hy prolonged periods of darkness, 
 indicating that it didnot function as energy reserve readi ly available to plants.

The. results of feeding trials revealed that pinitol (lid not
affect the feed intake 
 in mo:dow voles. Fed officiency was
slightly ,h cr,aeil ratsin fed pin ito I at 107: level compared to sucrose coiLtro Is ( I .9 g fed/g wt gain vs I . 5 g feed/g gain, respec
tively). Proliminary data thefrom metabolic trials indicated that

pinitol was metaboli;,ed Iv both species of 
 animals. Results of timeil vitro ,igosti'ii of pin itol by rumen microbes also showed that it was degraded by the rt..,Ite microbes. The gross energy value of pinito] was found to be 4.1 Kcal/g compared to 3.8 Kcal/g of sucrose.

Since pinitol is a major constituent in foliage of many legumes,
t must l)e considered important for forage quality and research in 

this area is being further pursued. 

Fey words: pinitol, lD-3-0 methl chiro-inostol, significance, 
function, plants, rats, meadow voles.
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awil ,Q.e 1 u amics ofSed7-6-1 
i'c Pt;t ,IS in South Austra I iaAInrUI I l 

F, D. Cartor 
AustraliaUnivtorsiti of d,,l:ifI ' , ;otiih 

of .. ,u ( .e. mcdics) are tie key to successful
,Annull specie; 

rotations il tile il'egrated crop- livestock farming,
cereill-pasture 

southerlnl Australsystems Oil tile neut rl to A ill ije sol I; of 

However, many medic stands have detCriorated in recent yearls. This has 

the gri::ing sheep on the seed-secd ling
prompted research on effects of 

environ
dyllinumsc of i1nLal ;uedmcdi c-l paStLures in the blediterrariean 

tile impalct of medic seed 
mellnt of South Ai;tra lili and to qlirit i fy 

soil upol pasture establishment ind productivity. 
reservc in or It tile 

,\liiial hots eIXprri meits involving the feeding of pure-pod and pod
used to measure

Cheep, and a field experiment have buen
chli I" dlet; to 

of intact pods. In 
of medic Seed following the ingest ion 

re:.e ves of' lirnual medictil iriixil 
total 

been relatcd to medic energence 'Il l;urVcy a iid n;iilp)lini s tudies seed 

specie:; fOl ]oilllp cereal Crops have 
botanical composition.totlii lure yield andand establ i.;lulneii. pa 

in lhe field experlent on red brown earth oi I of the Waite 

in totalSinificant linear decl iie 
Institnc therte ,waS ait highly 

and medic heritge lg,0-0.998" , _0.992"k and 
pasttre, l,,dic p'ods 

ov,.r a 51-day period of coititnuouz grazing by 
-ii. 99 , respect ively) 

tile period wi.; a i highly signifi
.crinio wutlier sAhcep. )ver Sit 111n. there 

11 o7 to ,19) , pod weight
dc lille ill pol ililiibcr/ii- tl'frili 

t to and seed weightcalit linear 
6.8o -1.53)te,. ,mg)seeds/pod ( from 

to 2.54UT). V'ile seed,/:12 declined dramatically
( froi 5 1.5 

Lfro 2.87 2 
0 to 2 'o2,/m on day 56. Aedic seed 

(,-Ui.7'l) from 2371T/42 on day t 


tile faeces 
 .;howvd i highly signifitclii lincltr 
eXtIIaction trol, sheep 

from oil to 1 viable seeds/sheep/dity
dcclileC in seed thr'otigholt 


uMf ildll i s;eed wei g t fron;1 2.91 to 2,0olig dillill) tile Sr-dl;y' period.
 
ftr'om arms; o !;onliii.cd brown soils showed medic 

The silr'vex dilti 
(nilelt lo 6.3). The 

:secd reser'e" ill Apri lvii i rom h to 282 kg/fl 

the of wa 239/n,"' which populttion
M ICZ11Cllet', :iiCi' Coilt lit end \pril s 


,Un[e . There still
w ts some 
decClilted to 111/i by the bliei niiu of 

2 

Ill,ll , t'i a Ie ti ';hiliierlt of 188/n (range frotme:llbliellCIeel-itlL' 
the meon cumulative emergentce of 

t-_ -10/111) lhich ,:, only ()', of to kg/hu2 . re' Weiiicld Sep teliler h1Ad Iec lined 66.2 
x/ The , leiti 

mean seed weig'ht from 2.805mg iii AprilChli1ritle illwith a fiie to 

". 5?..q laec~mber. 

h %V w Ittly Slleei My;ix OIso c lu:,ive that p,'Zilrig'l i l kiiii ; 
that this Minl)

c lntiAl c :sCd rCsCleV S Itndpo liLd;tlloll dp let' 
Medic seed reserves inr 

is i adeifllit' ;eeidlinp, dernsity.rcsulIt ini p1 

:ciii Of so0i! iT a elrliable indiclitor Of potenti:ll density and 
tile t'j 

reason core-saiiip Ii rugo Mcdic JIStti "Cs. For this 


cli uifi.sal', Cii , deveIlopeld Ic to

l)rdUctiVit, 

to ltHU liM'lie1S assess their ieeds 

before tire autilllt rt ilts.
for sowlini, additionalI iniedic :seed 

c s, '. io.tg ,;)., pods, sOheep, seeds, emergence.
r;o iliullKey , 'd:l: ei 
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7-6-2 'stIbl i.hmont of Grassu: on Cracking
Clay Sois: 5 IIl 10l(lgy Chiractristics 

I,. A. Wa t tSoil Conservat iol RIo ,r.h (:,-titre, N.S. ., Austral ia 

Although native grasses establish readily on the cracking
black clay soils of norti western New South Wales, Australia, it has
 proven difficult to establish introduced summer grasses. Young
grass seedlings were examined to 
see if morphological differences
existed which may explain their differing capacities for establish
ment.
 

It has been shown that relative differences in the primary and
secondary root gruwth of various species can have important effects
 
on the agronomic characteristics of those species. 
Low soil
moisture conditions near the soil surface will restrict greatly or
possibly even 
prevent the 	growth of secondary roots of young seedlings.
It is well known that the surface layers of this particular soil type

dry out very rapidly following rain.


'eedlings of four native and four introduced grasses were gr'ownunder favourable conditions, then destr-ictively sampled 3, 4 and 5
weeks after planting. 
 A t:mber of 	morphological characteristics 
were examined including7:- wt. 
top growth, wt. root growth, length and
 
wt. of primary and secondary roots.
 

There was considerable variation ia:ong !i;pcieth, 	 1oth inrespect to the amount of growth and the type of growth. 	 Generalising,
the following trends were evident:
 
1. The native species tended haveto smaller seedlings.
2. 	 The native species had lower ratios of wt. top growth 
 to wt. root
growth.
 

. he native grasses had 
 much higher 	 ratios of wt. primary root to 
wt. secondary root.
 
Given that secondary root growth 
is very likely to be restricted
by soil surface drying, it would seem the native grasses overcome
this by having a better developed primary root and a lesser developed
secondary root system. As well they have a lower ratio of top growthto root growth so 
that the roots should be ontter able to supply the


plant during periods of moisture stress.
 
The work suigests that selection of introduced species for useon this soil type should be made on the basis of well developed
primary root sstems and a low ratio of top growth : root growth. 

Key words: 	 establishment of grasses, seedling morphology, primary
 
roots, secondary roots, cracking clays.
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Legume Establishment in Gras5-lominant7-6-3 
Swards: Concept and History in Kentucky 

and William C. 'm-pleton, Jr.Timothy II. Taylor 
University of Kentucky and 

U. S. Regional Pasture Res.arch Laboratory, U.S.A. 

been practiced for two centuries in
Grassland farming has 

central Kentucky, and for shorter periods in other parts of the 

state. Savannas and tailgrass prairies were: severely grazed by 
settlers, destroying most 

domestic -.nimals and row-cropped by early 

of the indtienous plant species. By the earl.y part of thie 19th 

were being iroduced on bluegrass, Plea pratensis
century, beef cattle 

on foot to east-coast markets. During the 
L., pastures, an.! driven 
first century ('f s1ettlement, farmers learned to top seed legumes 

of tie last hundred years,and in the cours;e 
establishing legumes into

into grass suds, 

development of g'ras;land technology for 
aod steadily improved. hlighl ights

g.rass-doniinant swards has slowly 
to current concepts of establishing and exploit

of research leadinlg 
given. Stand maintenance

ing legumes in grass-dominant swards are 

of birdsfoot trefoil., iot- s c orniculatuls L., and bigflower vetch, 

Vi cia g.rand iflra var. ki taibeliana W. Koch, through periodic 

natural reseeding is suggested. 

Key words: grassland renovation, cool-season grasses, top seeding, 

reseeding, overseeding.mijnnum-t illage, natural 
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7-6-4 Mefluidide as a Grass Growth Suppressant 
in Pasture Renovation
 

J. R. Gerrish and C. T. Dougherty 
University of Kentucky, U.S.A.
 

The improvement of tall 
fescue ( Festlca arundin;cea Schreb. 
pasture through renovation with Iegus's is a com olnlv, accepted
practice throughout the repgion of adaptat ion of to1l fescue. Anumber of techn iques for int roduction of the lepuime and suppression
of grass competition have Lbeen reported with varying d,'rees of
 
success. 
 The primary objectie of this studv was 
to determine the 
feasibility of using the growth retardant mefluidide (N-[2,4
dimethyl-5- I (trifluoromethyl )sI fonyllaminol p lenvacetmlide) as 
an aiid to the establ I ishment of a I fa l fa (Me i-";Iil"o sat iva 1,.) and 
b i rdsfoot trefoi I (lotUs cOr'liITiLttIS L,.)-.id to evaluatI' the
 
ilpict of nitrogen lfertilization.
 

Mefludididl was broadcast 
 at a rate olf .56 kg/ha on 21) March 
and/or 15 May. Alfalfa and hirdsfoot trcfoil 
were sown at I1 .2

and 5.0 kp,/h ruspectively with a power-till seedr on II April

i trogin w lroadcastb at 30t kg;/ha (in 19 April and 50 kg/ha on
 
7 
Nay fo I Iowi ng the , i rst liarve.; t.


'Tlie early appIi cario olof mti l dido 
 resti I ted in a ,52decr(ase
iingrass ve the first i dive;yed in fol lowing treatment and an 18%
increase in groiss vield ini the liolowiig 218day growth period.
When mefIn ididC was appMI e IatiCr il the SU.Sti;, grass vields were 
reduced by 66;;, 210days after appllication. Split applications

of ilefluidide s;uppressed grzi;s growth by 53F over the 
entire 66
 
day period. Total amliitialI reiluct ion in grass Vield was 
 IV%, 7%
 
and 25/" for early, late and 
 psplitapplicatiotn of iefhttidtde. 

legume, eedl ing i)Oimlotions Were determined fl0days after 
seed inpi. I'lefitildide tlt mei t ; res; Itetd ill ie ,ee lini,

ppl;a t ions. A 12 :, 
 nd, 20' inil increase number of seedlings/

il 'a|s recta, 'dt-d folilt' 0;i- Vi, lt ', a1(l Ilit
t i'eaItiltS 
respectiviy. Alfalfa ceOLdli;l, dI'V weipht tt 60 davs increased 
from .08 p to .12 , wlel grass ;ruiwtt was suppressed I'. late
 
app icatitiOIs of me flidide. 'lrefoil seedling weights; were 
 about
 
.06 , for all treatments.
 

Trefoil e.hibited a htigher JuClree 
 of tnleratce to nitrogen
fertilizatitn thalin ; falf;ia. .ontrol plots had 82 and 113 plants/
 
Il for Alfalfft and trefoil re:;pectivelv. Nitrogei fertilization
 
reuliced s;tid t:o 31 
;nd 60 p1lant, L/ 2. I arlv alpp i1 ofl oti sl,;
iiieflIidi dLide iiiecili ted stanid; oli9 1 aindiil 4 plants/in2 

. Ni troien
 
fertilizer il conijunct.ion wiiti 
 'ral appl icit ion if lik luidide 
p rodtccdi iu;it ionS of 46 and (3 pl;i or ;i f;i I aidnf;i 

Lrefil I respectiv, . ,eed Iliill' ','"i 
 'lit'' i''li, tt affected liviii t roen ferL i 1 ie:er, ail tll' LWdl ,.'Wei,,ht. o1- iodluI es wis 
reduced 355', hiv N- fert i I.iz:i lo . 

Kv Words : L;uI I t' sc: I t l' :t li(';i aIi'rllid i ll i'cea ScIrel.), me] fuidide, 
growth Regulartor, itIIl;I fai (Mdi capi..o birdssat i_v,I.),foot trefoiil (lotus c lt la tussL.I.),pastre 
reilova t i tin 

235
 



Exc reta onReturn of
Effect of Treadi jg 	and Defol iatd7-7-1 a Perennia 	 l yegrass/wli to Clover Sward 

by ont inuous ly Grazing Shop 

M L. . ;Cur l and R. J. Pi kins 

The Grasc;land Ri;earch institute, iurley, O.K. 

and 
sheep may affect tLce assoeia:Lionl between grass

The grazing 
the circulation 

in a mixed cward by 	 defoliation, treading and 
clover of the relative impor

(N) via excreta. Aui understandingof nitrogen 
is required when

of tile grazing proces;
of these ComponcutStance for grass/clover swards. 

g raizing management 	 principlesformulating 	 a
the effect of treading and excreta on 

was to exaine 
('_rifol ium repens)Our objectivo 

(Lol ium perune(J )/whi te clover
perennial r,, ,rass 

at, high and low stocking rates. 
sward defoliatced by sheep 

continu
p renniii ryeprass/white clover swards were 

Established 
to October with yearling wether sheep at 25 

oiusly stocked from My, 
was mea;ured- 1 . 	 speciescomposition

bh Sward production andand 50 

which al lowed defol iat ion wi thout
 

insi do graizethrtccgi' cages 
sheep grazed either 

return, and outscide, where
tread iig and ex:creta 

unharinessedthe return of tcxcreta or 
fitted with hIrness 	 to prc'cnt 

to allow tile normal 	 return of exe reta. 
was e!;timated at

from tilc' defoliated sward 

at high and low stccking rate
Ilerbage prodc":tion 

respectively.
5.42 and 9.99 L DM ha-I 

at higph stocking rotce (P<0.05), and 4%
 
Treading reduced 
 thi; b,; 10 

,xcreta incrcased 
at low stocking rate ('> 0.05). The return of 

at lowit high ' tockiig rate and 262 
herba,e production 	 h 5 

stock inp rate. 
ffect oil botanicalhad littleAt low Stcckil'g rate, tr: din , 

clover contenct increasedretucrnloc oxcret~a,
colpos it ion. WPiticoult the 

in spring to ailocit 	 71%the experiment
from aimouit58," at the .,'tart of 


of excreta 
at this stocking rate reduced clover 
in autumn. The retcrn 

at the end(kg/ha) present
in autumn. The quantity of cloverto 457 

tha it thu beg; Tini ig in the treatments 
wa higher 

the reduction
of the experinicut 

in the percent
both witic and without excrota return; 


xcreta wer retcurned was primarily the result
 
age ot clover wlcc't 

rstfegras.-; pr'e11t 	 Meascuremelnt of 
of an intcreascce jIi the cilactt i tqu cf 

where excreta were 	 returnied, there 
clover stolon chacp',ts sitowod that 

'c were not re
u"ice ill stcolo Ietiptih, but where excrt 

was little c c 
stolon length.

was a subs,;tantial increase in
turned, there 

on offer in 
rate, the percectt age cof clover

At th higistcckinc 
:'57 wh'rc this sward was 

was 517 in tile defoliated sward,autUtIn stolon lengthwere rttcred. Clover
triiden andc 182 whct(' cx'li 

all treatmn tsc, with tice e' ptra;'. tin ! cc(,; l;o iii 
ri't rncd.

dtclined urii i t 
decl ine beinii grcatIc';t wher (-xeret w ,r( 

rat where tre'ding 	 6{y Coltti,,coni ,
at a stockingIn conclusion, si ni

ibi,' c'ffc'c , N traisfer via excreta 
grazing shc,,p had a ne li 	

of clover 
cg yield ind reduced tici proportion

ficactly increis'd iiric 
stc'kiicg rate, herbage yields 

in a grass/ -l'cc r swari. At a hii,r 
via txcretaof iccrea';sed' tra;sfcr 

were depres,'t d ,iac 	 titi' 
rTC'aSed de'foliationcffC't ; if i c

by itc' di titm'tt l 
were outweihc 
and treading. 

clover, TrifoliumLol ium perelie, WhiI 
Key words: perennial ryegrass, 

return, sheep.
repens , defoliation, treading, excreta 
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7-7-2 Performance of a Subtropical Legume.-Crass~
Pasture Under Different Crazing 

Management Systems
 

C, E. Maraschin, S.C. ella, G. s. Iruleghi and J Riboldi
 
Departmento de Fitotechnia -- UFRS, Brazil
 

Agron~omic ev~aluation of the dynamics of tropical legume-based
K-pastures is relevant iiiassessing the response-of their components

within systems of grazing management. The response of tropical

legume-grass mixtures to levels of days 
rest and grazing prossure,
tdhe ixturebned to be nown.gulgmecnciti
 
and which combination will result in meaning
te mixture, 	needs :tobe known , i-. 
' :: ' ;:/'il:: !:! r i ;': '!:
 

A c.,ntral composite design was 
used to study the performance of
 
a Desmodium intortum (Hill.) Urb.' and Paspaluiiuenoarum Arech.
 
pasturemixture to 14, 8, 42, 
56 and 70 days of rest combined with 
2.0, 3.5, 5.0, 6.5, and 8.0% B.W. as grazing,,pressure, in a rota
tional grazing' system.n.. ' d loa ln....- ""te . proeldu..aForage DIMyield and botanical b p s to :i
composition
 
were assessed by double-sampi .ng procedure..Pasture parameters were
 

tated theinterpretation of pasture performance. 
Daily pasture LM yield and P guenoarum and D. intortum r"rcent

age increased with longer periods of rest. 
 None was at fLed 'by

grazing pressure. However, the 
invasion of other grasses increased
 
with short periods of rest and higher grazing pressure. The weed
 
component was' present at 
very low levels. Stocking rate increased
 
with increasing grazing pressure. 
 Forage consumption tended to in
crease under lenient grazing pressure and also at long periods of rest.
 
P guenoarum and D. intortum assure 
good quality feed even at long

periods of rest,
 

Long rest periods are requred if D. intortum and P. guenoarum
 
are to be maintained as active components of the pasture, effectively

contributing to forage feeding systems in the tropics.
 

Key words: 	 Paspalum guenoarum Arech., Desmodium intortum (Mill.)'

Urb., grazing systems, days rest, grazing pressure,

botanical composition, stocking rate, IVOMD.
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ffects of Management on Recovery7-73 
of ater-Stressed Rvegrass 

E. W. Vartha 
DSIR Crop Research Divi,;iC,n, New Zealand 

On droughty soil in New Zealand, a study over three 
years was
 

made of the effectP of summer grazing managements with 
sheep on the
 

in autumn. 
recovery of tGrdsl;Lds Nuit ryegrass-white clover pasture 

with ewes and lambs fromfollowed set-stockingThese managements 
August to late November and thereafter were; 

no grazing over 90
 

days, or set-stocking during that period, or 
grazing in rotation
 

over three sub-divisions of pasture at 5 days or 15 days interval.
 

None of the grazing treatments had consequential 
deleterious effect.
 

Earlier controlled environment studies with sparsely 
flowering
 

and with a leaf clipping
plants of Nui ryegrass under water stress 

treatment are compared with later studies with 
profusely flowering
 

plants and either culms clipped or alternatively 
leaf clipped twice.
 

to the field study and thus
 This was to provide conditions relevant 


an understanding of the ways in which grazing 
managements might
 

The only

influence plant processes in water stress and 

recovery. 


common result in these controlled environment experiments 
was tiller

ing subsequently reduced by clipping effects 
in water stress. Growth
 

rewatered recovery
 
rates of tissues of profusely flowering plants 

in 

Water stress in
 

were generally enhanced by previous clipping. 


controlled environment together with a double 
leaf clipping treatment
 

varieties with known drought tolerdifferentiated between ryegrags 


ance or susceptibility.
 on
 
The lack of grazing management effects during 

summer drought 

interpreted


subsequent ,growth in autumn of Nui ryerass pasture, is 


is already floweied and as a failure to influence grrowth of gr 
that management treatments,

drought. I is suggesteidrying off in 
if applied earlier, could have effects throurh 

intluencing flower

ing control of tillering.
 

Key words: perennial ryegrass, l.olium perene L., drought grazing, 
water stress, controlled environment.recovery growth, 
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7-7-4 Mathematical Models of Retrogression
 
of Forage Species Population
 

Under Grazing Conditions in the Stipa Steppe
 

Clien Quing-cheng. 7hao Song-ling, and Yang Feng-xiang 
UniVersity of Lanzhou, People's Republic of China 

In tile region of Northwestern China there are about eight
 
constructive species which form various communi ties of Stipa Steppe.
 
In this paper, the authors take Stipa breviflora + Agropyron cris
tatum + Artemisia frigida association as a typical example and make 
use of the method of mathematical analysis in an attempt to build 
up mathematical models which may explain the rule of succession of 
this type by means of mathematical language. Coverage is employed 
as an indicator in representing the dominance of the population 
species.
 

In the moderate grazing stage, accompanying an increase in 
successive grazing, the dominance of the constructive species Stipa 
breviflora declines by degree and the curve of the population can be 
indicated by the equation P=87,--0.74T Agropyron cristatum, a 
subdominant in the original coinnunity, appears as a dominant species 
in the second stage , but after this, the dominance of its population 
drops down grsdually and the curve can be expressed by the equation 
,=l2?T2 .7,-.3T2. Art etisia frigisla, a companion species in the 
incipient community, gains the status as a dominant in the heavy 
grazing stage. Prior to this, its dominance exhibits a progres
s iveIy rising curve which call be indicated by the equation

4 TP=5. 38e 0
. , yet when T > 3, the curve declines as P=4. 16-,46e0. 17T 2 

Convolvulus atmlannii, an accidental in the first stage or an exotic 
species shows a slow increase in its population before the exces
sive grazing stage and th squation in the section of the rising

' & Tcurve is expres;ed as 1'0=. 74 5)e 
O 

, hut as T 4, the population
3 'r e .tiegrades abruptly and exhibits as the en',.ion P=12T 2 

"Te - . 
The commnity is iow approaching :i secondary bare area. 

As a whol, tho retrogress ive sucession of the tip Steppe 
range sihows a total charactsristic curve of retrogression in its 
populations slut to over-grazing. The curve can be represented by

1' .the equtation Ii?.9o-, S It las been discovered that all popu
lations of species arrive at a critical condition at the fourth 
stage, and there, the inipient community entirely loses its general 
nature and it is said to he a ieterogeneity community or disclimax. 
'lile critical straight line (curve) can be sshown by the equation 
P=I . 1302T. And under this critical situation, the total (overage 
of Populations in tie conrmunity is asout 4,57,. At this point, we 
give the dominan t (Conv, Ivu Is ;ImmTaln ii ssf the comnun i ty tli name 
"f "critical insicative .'cisi; 

Key words: graz ing success ion, matilema tica model, St ipa Steppe, 
pasture productivity. 
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7-8-1 Pattern of liefoliation by Cattle Grc.t.i, 
Cres ted Wheirtgrars Pas till es 

B. F. Norton ard 11. S. .Iohnltson
 

Utah State Un iyeraity, U.S.A.
 

Utilization of a lnotyp ic atand of perennial grass by cattle is 

generally ;assomild to be a l'andom proces! that caIll e adequately mea
sured by count ilg tie nuiber of 1)1ant s graed or by comparing blonass 

on cager and grazed plotS. At a aimilar level of approximation, 

grazing i oftell simltated experillental lV by cl ipping down to a pre

ocribed height. The purjro;e of our study wa.s to exatirne defoliation 
anin more detai., fo llowing jrazing severity and frequency on iodi

vidur i plant ba. is with an irnterval of only 48 hour between observa-

Stons. 
Hie footlhill ranges of Utah provide critical forage resources 

between winter arid summer grazing lands. In the lntermorntain region, 

these siLto naturally vegetated with sagebrus, grass and juniper 

lees are frequen ti'y converted to improved ranges by clearing tlie 

brrrsl and planting int roduced grasses .udiuCI as crested wleatgrass 

(!Agrorop s ui1(L. ) ;ae r to. ) , wi ich is more producrt ive and more-Itat 

resistant: to spr ir grazing than tire nat ive grasses. Tie study was 
conducted on two 28-ha pastures of cre;ted wheatgrass., originally 

seeded 25 years earltn r', a Lemi-arid area (320 mni ainimal recipi

taL iol) located iin weaL-ei'it al Utai, 8 kit solthwes t of Eureka. 
2 

"earIy 3 000 erranIent p lotS (0 . Smn ) wSre irivol vel- ii tire project 

IiI'ri1g ;ix weeks of gra; iIrg b'y catt IL in .liine aid early July, 

1979, t IL'0V ra I I lItiI i cat on Was 46 plercent 1y vol ime, with nearly 

70 liercent of all plants beilg gra;zed at least once. Only onL

a ixtlh of tie graz:ed plants wa; defoliated on more than one occasion, 
and ost of thSe were grazerd jlist twic,,. Cli -square analysts in

dicated a lrferciire for nuoderate-sized plants, with less intensity 

of era;gi ng onl the ve-ry shrI Il or lia rget s zt- classes.ri Sixty percent 

of tile !;1aileSt ;i.:r class plants was rot rra:ed it. all. For those 
i)ilitS that di(1 e:per ienice d-fefolitiou, se-verity of grazing was in

versel 
5, related to plant size. 

(;r-irc ll on1 thes;e crtested wlieatgralaSr pastures is neither random 
nor u i fo rm. it,- res;nLt; demniis trate that ti cattle removed forage 
ii a fashion that varied depending on size class. Very -; i plants 

were ;raz-(I in a maunnr ;imilar to a clipping sinulation. Wheat
-

grassl plan toS );r'ea1r than 200 cl11 basal area experi elce, a toss of 

le;s than half the plant volume imp)aCtilrg leSS than half tile plant 

Cover, at in averige dt, toliatiOll eve'ti . The preponrderace of biomnass 

renaining in tire large 'wolf' IlIarutS it tIle end of tie grazing period 

would suggest that est imlt ilg tit I izlt ion by rreparture from amount 

of forage protected Iin ungrazed cagres could inderest ilnte actual 

util ization on tihe population of plants providing most of the con
slimed forage. 

Key words: crested wheatgra;ss , Agropvrmo cristatum (I..) Gaertn., 
iIlization, cattle, -;razilig pattern, ILfoliation 
frequency. 
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7-8-2 Consumption Ritcs of ilort (,ras Sland lohobivores 

IRo× 1. lPic.l,
r
 

New M x ico S tt, Un ive.rs itv, U. S A. 

Studies were conducted on a desert grassland range in southern 
New Mexico for three years to determine relative consumption rates 
of the main herbivores utilizing Lhese range areas. Consumption of 
some groups (cattle, prollhorn and rabbits) was determined from 
direct cstimate. of intaLe per Inldividua and density as determined 
from censusinc, procedurcs or known Stock rates. Ccnsumptlon of 
other groups (birds, rodetLs, and invertebrates) was dL-termined 
from census in formatiou relating, to age structure of the population
and metabolic rate. Consumption by all herbivores averag u2 le';s 
thian 5?' of the above 'rounld inL primary productivity for the Ciree 
vears of the S tudy. llighest consumption rates among the herlivor 
groups were for cattle whlClhi lltcsumed 4.3 ;',l*
aniaverage of 

during Lite s.tudy. Consumption by rodenCs was fairly high during 
the first year of the study when rodent densities were high, but 
declined during the s:econd and third year in response to declines 
in rodent densities. In contrast, invertebrate consumption was 
highest durin tile third year of the study and actually exceeded 
flat of rodents. Precipitation was favorable durlng the third year 
of the study indwas reflected by the high aboveground net primary 
productLvity tLt year. Apparent iv, invwrtebrat populat ions 
responded more quickly to favorable i,!hnt growth than codent popula-
Ciolls. Coinsulmption r;tes of proti,'h1ori antelope, rabbits and birds 
were relativ,!l l iJ I . Rabbit OllsumpLtioll wasLilearly constant 
durillg the stity period. buensity Of breedinl bird popu latolns was 
fairly low ailtliouh largte build-ups of migrant bird populations 
octlrrLd late i1 the third ycar o te study. Inergy flow to the 
heirbivore 'pitllIt t as i so :smsal I compared to aboveground net 
pr imiry prodictiviv. 'leoil n'ergx' transf--r to herbivores was only" 


compared to '-
24.3 -cai'M 593 gi,,lj calcultd for aibovegrounid 
ntt priimary proltc C ivi .1.v. large hetrbivores, iucludLug prongtorn 
llltelol)- 1lndatlitlc, colltoi lOut-eim st -'f te nllergy transferred 
dur ing erbivory f-ollowed by smnall malllnais, invertebrates, birds, 
ailldribl.to. hroem tle standpiilnt of rang,.e productivity, it appears 
that a relativl1yi portion of energy fixed by plants Is har
vested )y an ian the formi of animal productit;. 'lhere appears to be 
i larl e, untalpped source of eiergy on our rangelands which has the 
potent-ial to be colverted to food for a lni'ry world. flow best to 
make toiie of tlis resource aid Still maintain stable ecosystemis is a 
hltIllenge fac itu ralnge researchers and users. 

K,%y Worb;: Colnulllli 
1 
onl tloi , di' ;ert gras;s land, herbivuro;. 
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7-8-3 The 	Serengeti Ecosystem: A Mechanistic Analysis 
of a Highly Productive, Natural Ecosystem 

S. J. McNaughton, M. B. Coughenour, and L. L. Wallace 
Syracuse University, New York, U.S.A.
 

The Serengeti ecosystem, operationally defined by the annual
 

movements of large migratory herds of wildebeest, is a mixed grass
land-savanna mosaic in Tanzania's Serengeti National Park and
 

Kenya's Masai Mara Game Reserve. This region of over 25,000 km is
 

one of the last extensive, unmanaged grazing ecosystems. The
 

ungulate biomass residing there is the largest in the world with
 

over 3 million head of 25 species. We report ongoing research in
 

this ecosystem aimed at producing an operationally based model in
corporating plant physiological and morphological parameters with
 

ecosystem level parameters such as rainfall and herbivore movements. 
Feedback processes have been identified as mechanisms for 

maintaining the plant production necessary to support such a large 
herbivore biom,.- s. Productivity of stands with an adequate water 

supply is stimulate,! optimally when gra'.ers remove approximately 
half of the stariing cr '. The patchiness of community structure 
and rainfall al lw herbivores t- move bo'tween stands of various 
physiological conJitions, palatability and productivity.
 

Our ongoing work is centering on defining the mechanisms of 
product ivity stimulation in each of the three di fferent fonctional 
grassland types im the Serengeti using gas exchange methodology. 
This mechanistic understanding of plant response to herbivory is 
incorporated into an ecosystem level model. At the producer level, 

we define three major ecosystern ccmpartments and the environmental 
parameters 	 which regulate them. The residual plant biomass left 
following grazing is a function of water avai lability. Actual 
yield to grazer- is a function of nitrogen (N) availability with 
higher N levels resulting in nore herbage available to grazers. 
Plant litter is an ecosystem level component, yield to decomposers, 
and is a function of the height at which the plant is grazed. Less 

ihtense offtake by grazers results in more plant biomass available 
to decomposers. The resulting high carbon:nitrogen ratio in the
 
soil feeds 	 back to both the producer and grazer compartments in 
terms of N availability. 

The long coevolutionary hi story of this ecosystem has resulted 
in the development of many of these intricate causal networks. In 
our attempts to manage such ecosystems we short-circuit some of 
these networks. We are endeavoring to define the operations of a 
natural ecosystem in detail sufficient for application in managed
 
grazing ecosystems.
 

Key words: 	Tanzania, Serengeti, ecosystem model, productivity
 
stimulation
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7-8-4 Fertilization and Grazing Experiments in Iceland
 

Andres Arnalds, Ingvi Thorsteinsson and Olafur Gudmundsson
 
Agricultural Institute of Iceland 

Icelandic rangelands play a very important role in the agri
culture of the country, which is primarily based on meat and dairy
production from herbivores. It is estimated that nearly half of the 
roughage consumed is derived from natural rangelands. They are how
ever in a bad state due to erosion, reduced plant production and 
quality. This has been caused by deteriorating climate, volcanic 
activities and prolonged overgrazing. 

The objectives of the experiments in discussion were to study
the effects of fertilizer application on the botanical composition,
yield, carrying capacity, nutritive value of herbage, and livestock 
gain. 

Different amounts and combinations of N, P, K were applied to 
different plant -oismunities at 30 locationns with highly variable 
growth conditions as regards soil types, elevation, etc. The ferti
Li:,ation trials were carried out in the years 1967 to 1979. Plot 

2size was in 	 most cases 30 m and each treatment was replicated two 
or three times. Ileasurements of yield and botanical composition were 
done annually. 

Results frosi 7 grazing experiments conducted 1975 to 1979 on 
both fertilized and unfertilized pas tures are presented. Sheep and 
cattle were 	 used in the experiments, both separately and in mixed 
grazing. Botanicala compos ition was measured once a year during the 
grazing period while plant yield estimates and weighings of the 
animals were in most cases done with three-week intervals. The size 
of the experimental areas varied (in 1978) from 37 to 259 hectares, 
number of pasture.; from 4 to 18 and number of animals from 38 to 138. 

The fertilize.-r effects were highly variable, depending on 
growth conditions and plant communities. Generally, however, an 
application of N and il together resulted in a great increase in grasses 
and cover density. After two to three years of fertilizer application, 
grasses had become dominant on most sites. When this vegetational 
change had taken place an application of 80 kg N and 35 kg P per
hectare resulted in five- to ten-fold increase in yield. N or P)alone 
seldom resulted in yield increase or caused any considerable vegeta
tional change. In order to maintain the increase in cover, grass 
density and yield all application every second or third year seems to 
be required 	 under proper grazing. 

In the grazing experiments, LolTIparisons were made between three 
to six stocking stages on both fertilized and nonfertilized pastures 
during a grazing season of 70 to 110 days. 

Fertilization resulted in two- to eight-fold increase in carrying 
capacity, depending on site, which is somewhat less than reflected in 
tie yield increase. In general there was not much difference in gain 
per head between the fertilized and nonfertilized pastures. The main 
reason for this say be that the pasLures were grazed continuously 
throughout the sumimer. 

It is clear that some kind of rotational grazing or another form 
for grazing management is needed to maximize the output of the ferti
lization,esp,:ciallv in the lowlands. 
Key words: 	 nitrogen, phosphorus, potassium, fertilization, grazing, 

yield, animal gain. 
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7-8-5 A Comparison of Fertilization and Interseeding
 
an Native Mixed Grass Prairie inWestern North Dakota
 

Paul E. Nyren, Harold Goetz, and Dean E. Williams
 

North Dakota State University, U.S.A.
 

The application of plant nutrients (fertilizaticn) and the in
troduction of seed into an established vegetative cover (interseedi-ng) 
are two important range improvement practices. much work has been 

r to ('doneevaluate the effect of these improvement practices on dif
ferent vegetative communities. 

In 1969 a study was undertaken at the Dickinson Experiment Sta
j tion, Dickinson, North Dakota to evaluate the forage production and 

species composition changes effected by. the application of various 

tes of fertilization andtby interseeding different speciesof
 
grasses and legumes, The study site was located on silty loamsoils
 

supporting a native mixed grass plant community. I
 
The fertilizationstudy consisted ofa randomized block design
 

anld-plots measuring- 9--x- 30 .with -l2-treatments,,-three-replicLations 
' 	 The treatments included various combinations of nitogen (N), phos 

phorus (P) , and potassium (K), nitrogen and phosphorus alone; heavy " 
one-time nitrogen applications; and alternate year nitrogen applic
tions. The interseeding trial consisted of a randomized block de

sign including 11 treatments, three replications, and plots measur
ing 15 x 46 m. The treatments included interseeding five grasses 
97andfive legumes, and the check plowed where the machine was used 

but nothing was seeded. doth studies included a check (or control) 
treatment.
 

Average forage production for the 8-year trial was highest for
 
the treatment fertilized with 56 kg/ha P and 75 hg/ha N overy year,
 
which produced 3584 kg/ha. This was not significantly different
 
(P<.D1) from the Ladak, Travois and Vernal alfalfa interseeded or
 
those receiving annual application of 112 kg/ha N treatments.
 

The Ladak, Vernal and Travois alfalfa intorseeded treatments
 
were the highest producing in the interseeding ineal.In 1971 and 
1972 their production was less than the high N treatments. In 1973 
and 1975-1978 their yields were not significantly different than the 
highest yielding fertilized treatments. 

The application of 75 or 112 kg/ha N with or witout P changed 
the mixed grass coaunityto one composed mainly of single stocked
 

cool season grasses. The shortgrass component of the .,ommunity was
 
affected differently by the fertilization than the intrseeding
 

treatments. On th interseeded plots, shortgrass prodution declined 
the first year due to destruction. by the interseeder and slowly re
covered on all but the alfalfa and smooth brome treatments, on the 
plots given yearly application of N the shortgrass production slowly 
declined during the 8-year trial, Perennial forb production was 
higher on plots receiving N fertilizer than onthe interseeded plots. 
Annual forb production remained nearly the same on all treatments in 
both 	trials with the exception of the 56 kg/ha P treatment,which 
nearly tripled the production. 

Key words: 	 fertilization, interseeding, range improvement, range
 
ecology, mixed grass prairie.
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7-9-1 Effec ts of C imai t. c Zonw, Topogracip'y . alld
tit iliZ.tioll, :111d S,,il Condi Lion on lhe No!trielit 

(onposlition of ,t Nat ralI ;r:1; ilt I i 

I . NI. N i Ii !; a [:. I'alla 
11dayana llrn:': , i ty l li, In h1oles i a 

A survey, based otn cli titt i c :litte ( one i, i i), E andi F) , topo
giraphy (coast , ill and ',hel ;tit tled land Itii 
 zat ion ( rice 
fi c I, dr 	 and adt 1 i o int zitld I cond it ion ( tioist andlt ) so dIrv 
urfice ) wao- cIrr i ed ,o t cdir iii, the wet ( ,Jammmy to Februarv 197i)

:1d dry ( At,list to September 19719 ) seasons in 15 Di ;tricts ;d' eight 
Regencies ill a li. 'ITheohbjecti vCe l ; to sttldy the quality of the 
Intu lr', 'i''' comsltloll v i:ed to i vei tock it te 11 ixetd farllll !' systom. 

, 
i 01, I1r1sL l v' d 7 .3.S ° ,  in c limjo a tic ne I on 
l i ill, t ' w:,t ;(,:]son, fte crude proteil content ( oil di mlatter 

t h e HAotIu r s i 
the dr ! il) to 13. J7", ( in climatic zolle 1: at hiplher A t tide I and 
dtlil'it, tll' S tiledr s(,;r;1 ro te i tl Col teIlt vatIi ed from 3.(-i". ( ini 
c I i mI ic onle F oil tile dry soj I ) to 13.t2 ( il lit t ic -.one C at 
hI gilt' r ill it ttl h 3. The crud fibre Coltent varied From 22. 1I'i. ( in 
c jlirlattic zolle it at iiglher ailt ilde ) to 29.89', ( in cIi lat ic zone 1F ott 
tile I' ii;t s I ) id 23. 3 ( in climatic zole ii 0 til te moist soil ) 
to 30.52", (ill cimato c e, : il the soil) (1rin, the wet and dryC :j dry 
seosol; resprec t ivcly. Tiie Srt, s .elC'y cotntelt ',ariec froti 3482 kca /
K ( i" Ill TIt 'C ZOTe B ott the tIoist soil ) to 127S kczil/kg ( in 
cli nlmti c :zone 	 0 duriniiF ofl the) l the '(.,t seisol and dhi ring tite 
dr' SeISOtI tile VAIile tori etd flottli 5637 kca I /I'l in clillintic zone C oi 
tile tU soMil)t I toi 31')2 kcal/k, ( i n cli11a1 t o F1)1W1 oil the coast 

Ie presell t to: i li c te raI, ,tt order C' ect of ciIimat ic 
20111'> topoi'r;lph v > ;Oil ICondit ion > land ili I iiz o2 on the nutrient 
compoti it ion of the ;ltl 'ria gr1"a; . lite cllde protein content was 
affected the ios ritwherasthe r.Os etler['y coitent was aIffected the 
least iy the ltbove-letit joted p.Iaieters. 

Key words : 	 climatic zone, topography, land util ization, soil 
condition, nutrient, natural grass, seasons, 
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Herbage Quality
7-9-2 Effects of Water Stress on 


J. R. Wilson
 
CSIRO, Division of Tropical Crops and Pastures, Australia
 

Uncertainty exists about whether drought is detrimental to the
 
nutritive quality of herbage.
 

This paper tries to resolve this uncertainty by examining the
 
influence of soil moisture on some herbage quality characteristics.
 
Unpublished data from my own work and a review of published litera
ture 	are presented. 

Field plot; of three tropical grasses, green panic (Panicum 
maximum var. trichoglume), buffel grass (Cenchrus ciliaris) and-spear
 
qrass (Heteropogon contortus) were subjected to per controlled
 
urought and herbage from these plots compa'ed with that from well
 
-watered plots. Leaf and stem dry mattey digestibility of water
 
-stressed herbage was either similar to jr higher than that of
 
unstressed herbage. Sward digestibility in droughted plots was
 
higher than the well-watered controls bectuse of a decreased propor
tion of stem and a higher digestibility of both leaf and stem. 

The review of the published literature indicates that low soil 
moisture rarely has an adverse effect on herbage quality. The 
available information leads to the conlusion that the animal live
weight gain should be better than usual under conditions of low soil 
moisture unless low pasture yield seriously restricts intake. 
Information from a grazing experiment in Australia supports this 
contention. 

Key words: tropical grasses, herbage quality, digestibility, water
 
stress, drought, animal performance.
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7-9-3 
 4-Year Evaluation or 11 
Forage Species
 
at Anthesis
 

Larry M. White
USDA, SEA-AR, Northern Plains Soil and Water 

Research Center, Montana, U.S.A.
 

Forage species need to be evaluated not only for dry matter (DM)
production, but also for 
animal maintenance or weight gains per hectare of forage harvested. The DMyield and in vitro digestibility(dig.) were determined at anthesis on 
seven grass species, three
('Rambler', 'Drylander', 'Orenberg') alfalfa cultivars [Medicago
sativa L. subsp. X varia (Martyn) Arc:] and 'Lutana' 
 cicer milkvetch(Astragalus cicer L.) grown near Sidney, Montana during 1975, 1976,1978, and 1979. In 1974, the forages were seeded in rows 50 cm apartand grown under dryland conditions. In vitro dig. was converted toestimated in vivo dig. with data from eight forage samples with knownin vivo dig. The amount of beef weight gain per hectare that eachforage would produce was estimated for a 300-kg steer. Intake wasassumed to be proportional to dig. and was estimated by equationsreported by andSong Dinkel. Dig. was converted into net energy andweight gains by equations reported by Lofgreen and Garrett.

Forages of Nordan' crested wheatgrass Aropyron desertorum
(Fisch. ) Schult.] 
 and of 'Luna' pubescent weatgrass EA r ro
itterme-dium var. trichophorum (Link) had
Hlalac. the least dig.(<55"') the first year and also the following three years (<59%).
Forage of cicer milkvetch, alfalfas 
 and 'Sidney Sel.' reed canarygrass (Phalaris arundinacea L.) thehad highest dig. the last three
 

years ( ).

Maintenance of 
 the most animals (mature) per hectare of forageharvested depends upon the production of mostthe digestible DMas long as dig. is above 502. Alfalfas produced the highest dig.
I)M tie first 
year (2.2 mt/ha); while 'Prairieland' Altai wildrye

(Elymus angustts Trin.) cicer milkvetch, and alfalfas did so duiringthe following three years (1.5 mt/ha). Altai wildrye and 'Mayak'Russian wildrye (Elymus junceus Fisch.) produced lowestthe dig. DMthe first year (<0.3 mt/ha) while reed canarygrass and 'Regar'mteadow bromegras ',jmus bielbersteinii Roem. & Schult.) did so during

the following three years (1.0 rmt/ha).


It was estimated that cicer 
milkvetch and alfalfas when harvestedat anthesis would produce mostthe weight gain when fed to a 300-kgsteer all four years (>100 ka/ha); while during the last three yearscrested wheatgrass, pubescent whatgrass, and 'Lodorm' green needlegrass (LjjR viridula Trin.) would produLe the least weight gain

(<50 kg/ha).
 

Orenberg 
 alfalfa was generally lower in DM yield and dig. thanrambler or drylander alfalfas, but this difference was generally not 
signi ficant.
 

Key words: dry matter yield, digestibility, weight gains, crested
 
wheatgrass, pubescent wheatgrass, meadow bromegrass,
Russian wi.ldrye, altai wildrye, reed canarygrass, green
needlegrass, alfalfas, cicer milkvetch.
 

247
 



Environmental influences o:, Forage Quality
7-9-4 

of Kleingrass 

f. I). Pitman and E. C. lolt
 

University of Florida and Texas; A&:1 University, U.S.A.
 

Forage digestibility of sub-tropical grasses generally decreases 

from spring to summer in the SOullowetLern U.S. The 1,id-stimmer periods 

when forage dtigestibility is below the nutrient den.; y req(uiremenls 

of many classes of livestock, is charcteri :etd by hli.,h temperatures 

and low rainfall. li-scermnment of the relationshil !,,LtweeI 

environmentalI factors and forage dilgestibility will iacllitate 

and breedi ng of forage genotypes todevelopment of mnlagement systems 

minimize season.I1 reductions of di gestibility during periods of high 

temperature and low rail, fall. 

The major objecti'.'e of this research was to determine the 

relationship between specific envi.ronment, factors and forage quality 
digestibleof kleintag ;.s (' ,!::'!' zn'' I-.). Yield, It. ',ee 

orlcanicc matter (IVI)OI), percent leaf, nd neutral sugar components of 

nlld steiS were determined for field 

grown plants htarvested at 2,4, and 8-week frequencies during a 24-week 

growing season. Correlation and regression analyses were used to 

quantify relationships between specific climatic variables and forage 

quality for 	 tue 1978 and 1979 growing s;easons. 'Fite relationships of 

structurali carbohydrates of leaves 

water statMs to IVI)OM and leaf anatomy were furtherplant and .Oil 
grown in the glasshouse.investi ',ated for potted plants 

Under f ield conditions, lVD1O1 of leaf and stem was negatively 

Correlated with temperature and diay lenlth and positively correlated 

with measures of moisture coditions (rainfall and percent soil 

moi sture) . Statustically sig,,nificant multiple regression equations 
However,using environmental factors to e:-plain IVDI)O were obtained. 


the R-square values ottained and the ;ipeceific environnenatal factors
 

were not consistent among
contributling significantlv to the equations 

forage ages and vears. Under glasshouse condilions, forage 

digest ibility decreased tremendousl Iy as moi sture stress increased. 

Cell 1wallthickness and proportions of conducting tissue in relation 

stress.to parenehyma ttssue increased markedly with moisture 


Leaf IMVhdM was ne atively correlated with arabinose and xylose
 

with glucose concentrat:ion.
conCenttrations and positivelv correlated 
structural carbohydrateSigtnificant correlations were oblaitned between 

neutral sugar cocentrations and environmental factors indicating that 

forag:e digestibility differences associated witlb environmental 

condition,' during the growin,, season MaY be mediated, at least in part, 

through changes ill structural c.rhohydrates. These structural 

carbohydrate changes are .ikely associated with secondary cell. wall 

development.
 
Forage qual ity-enviro.Ontal I factor corre' a ations indicate that
 

forage dig.est i bi I ity decreased in response to hi glh temperatures,
 
tile growLth period. Although
moisture stress, and long" ,lays during 

the relationship observed between temperature and digestibility has 

previously been repocrted for other grass species, tihe di.stinct
 

reduct:ion of forage digestihility observed with moisture stress of
 

field and ,lasshoouse grown plants has not been reported 
 and provides 

new insigItt 	 irn tite seasonal forage (iuallty pattern. 

Key weords: 	 kleingrass, Zio:i I or, c , ztzv!.'7 I.., forage quality,
 

structLitraI earbmlod rte, :sio[isture stress.
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79 5 Efficiency ~of Micronutrient Fertilizers on'
 
Grasslands Irrigated Clean
with Water and Sewage 

G. E. Merzlaja and R. A. Afanasiev hio
Timiryazev Agricultural Academy in Moscow and Pryanishio

All-Uni-on 
Resarch Institute of Fertilizers and
 

Agronomic Soil Scienice 

A number of biogeochemical regions in the Soviet Union are
characterized by a deficiency'of mobile forms of certain micro~telements in the soil; in particular, the non-chernozem zone of the
European part of the count iy.< Under conditionsof intensive fodder
 
.production, especially when higher rates of fertilizers and irrigation are used,. the 
problem of proper supply of microelements for
 
gas es,.is-of...major..pr.cn iclance..
 

Field trials were'estabishedo grassland seeded mostly with
cereals and, irrigated with clean (river)'.water or sewage (industrial
and domestic), on soils which.are 
typical for central non-chernozem
 
rein.The effects of micronutrient fertilizers (kg/ha) 
-- Copper(Cu, 4-5), Zinc(Zn, 4-5), Boron (B,l'),Molybdenum (Mo, 0.3-5), and
 

Cbait (Co, 0.3)-- on 
the' gras's yield and its quality were studied.
The fertilizers were. applied separately and in mixtures 
as topdres
sing to a complete fertilizer (NlSO..300PRO0l p0K120 ..15 0). In morecomplex agrozootechnical agronomic 
invesEiaEions, micronutrient

fertilizers were applied to experimental grasslands to 
measure effcson ,fodder quality,' cows'' health and productivity and quality
 
of milk and processed milk products.


On soddy-podzolic sandy oans all the investigated microelements
increased yields with the greater increases resulting from Cu (15.8%),

B (14.6%), and Zn (14.4%). 
 The maximum 	increase in yield of dry
mass (22.6%) 
resulted from the application of complete micronutrient
 
fertilizers. On soddy-podzolic loamy soil, with average amounts of
Cu 
 B and Mo, the yields were improved only by Zn (13.5%), and

Co (14.9%). When the 
two elements were excluded from the complex

of micronutrient fertilizers, 
the yield was lower. Grasses cultivated on 
peaty soil responded well (increase of more than 10%) to
Mo, Zn, and Co fertilizers. 
 Cu was effective in combination with
Co and B was effective in combination with all 
the other micro
elements. Cray forest soils first 
and foremost needed Zn and Mo.
Cu and Co produced beneficial effects only when applied together,
 
as well as in combination with Zn and Mo.
 

Thle micronutrient fertilizers in question increa'sed thle
amount
of corresponding microelements in grasses in almost every case, but

they did not produce significant effects' on 
the other qualitative
featuresof fodder. Irrigation with sewage did not alter the re,,sponse to micronutrients as 
it contained rather little of 
the de
ficient microelements. Micronutrient 'fertilizers reduced the 
concentration of nitrates in the grass and 
increased some amino acids.
 
On grasslands'micron'utrient fertilizers somewhat increased milking

productivity in cows and their reproductive ability, improved the
biological value of milk both 'in vitamin level and as 
a medium for
 
the development of indicative culture of 'microorganisms.'
Key words: 	 microelement fertilization, grass yield, grass quality,


milk production, milk composition.
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Quality ContributionsForage 	Quantity and7-10-1 Rangelandfrom a 	 Grass-Legume-Sh rub Planting on a Semiarid 

D. A. Johnson, 1. D. Rumbaugh, and G. A. Van Epps 

USDA-SIA-AR, 	 Crops R earch Laboratory and 

Utah State Oniversity, U.S.A. 

Poor grazing management and resource misuse have led to 
rangelands.deterioration of vast expanses of the world's semiarid 

to a point on many semiarid rangelandsDeterioration has proceeded 
Although


where revegetation offers the only acceptable alternative. 

aid shrubs are desirable in the
combinations of grasses, forbs, 


revegetation of these areas, past revegetation has mainly involved
 
Our objectives
the establishment of monocultures of perennial grass. 


a grass-legumewere to determine the forage and protein yields of 

shrub planting in a semiarid rangeland.
 

The study was conducted 'n central Utah on a rangeland receiving
 

32 cimof annual precipitation. Crested wheatgrass (Agropyron
 

cristatum) was 
established alone and in combination with fourwing
 

saltbush (Atriplex canescens), alfalfa (Medicag sativa), sicklepod
 

and cicer milkvetch-Astraqalus
-falcatus), 

of the current
 

milkvetch Astraqalus 

cicer). Transect segments were set up and all 


year's above-ground production for each species was clipped, dried,
 

weighed, and analyzed for total nitrogen. Three! replicate transects
 

were harvested for each legume treatment once during 1978 and 

three times in 1979.
 

Forage and protein yields were increased 2- to 4-fold when
 

crested wheatgrass was grown in association with either fourwing
 

to when crested wheatgrass was grownsaltbush or legumes compared 
alone. Greatest yields were noted in transect segments where 

crested wheatgrass was growing with fourwing saltbush, followed by 

segments where crested wheatgrass was growing with the legumes. 
J


Of the legumes, alfalfa associations with crested wheatgrass yield 


the largest amounts of forage and protein, followed by associations
 

with sicklepod and cicer milkvetch, respectively. These enhanced
 

yields 
in areas where crested wheatgrass was growing with other
 

an increase in high quality forage
species were due not only to 


provided by the additional species, but also to an increase in
 

forage and protein yield in the crested wheatgrass component.
 

of semiarid rangelands with combinations ofRevegetation 
crested wheatgrass, fourwing saltbush, and legumes (particularly
 

alfalfa) will provide a more productive, higher quality forage
 

resource than only crested wheatgrass. fhese combinations could
 

a broader ecological base
extend 	the grazing season and provide 


for increased ecosystem stability than a monoculture of crested 

wheatqrass.
 

Key words: crested wheatqrass, Agropyron cristatum, fourwing 

saltbush, Atriplex canescens, alfalfa, Medicago sativa,
 

cicer milkvetch, Astiagalus cicer, sicklepod milkvetch,
 
forage yield, protein yield.
Astraqalus falcatus, 
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7-10-2 Age, Date of Cutting and Temperature asFac tors Affect ing Chemi cal Compos it ion of 
Berseem (TrifoliuM alexandrinum L.) 

P . C le -soutslassan II Institute of Agronomy and Veterinary Medicine 

Morocco 

Chemical cOmlpsiLion of berseem produced ill winter and spring,under irrigation ill 4Morocco, was investigated in a -year study.Berseem was planted at various dates and after harvesting the firstcut, samples were taken from each regrowth at weekly intervals.Total plant, leaf and stem samples were analyzed for dry matter (DM),ash, crude protein (Cl') and crude fiber (CF). A total of 172samples of aerial regrowth iere analyzed and used to calculatemultlple regressions of chemical composition on age and date of cutting.Dlate of cutting was defined as number of days after August 1.Regrowths remained vegetative from November to early May, whenflowering occurred. Dry matter remained low (8 to 12%) duringwinter and spring and reached 20% only in June. Ash was always high(12 to 20Z), while CF did not exceed 30%. Crude protein variedbetween 18 and 30%. At a given date of cutting, CF increased andash decreased .19 and .06 percentage units per day of age,respec-
Lively. D! inc reased rapidly when plants grew old, while CP
decreased while 
 they were still young. At constant ages of cutting,regrowths showed a sli gh t decrease in DM from November to the end
of January and then increased until June. 
 Ash decreased more
rapidly with the advancing 
 season from November to .une thanCrude fiber increased drarutically during 

CP. 
the same period. Theeffects of date of cutting appear to be a combination of effects ofregrowih number, stage of maturity and temperature. When samples ofthe same regrowth nu1mber and stage of maturity were compared, therewas considerable variation from year to year of sample., of similar
 ages for leaf percentage 
 and chemical composition. For CF, varia

tion exceeded six e)Lrcentage units.

Multiple Linear regressions 
 between morphological or chemicalcomposition, age and average temperature showed that temperature


partly explained 
 these variations. Temperature decreased leaf
percentage for 
both 1st and 2nd regrowths, b'jt not for the 4th.also increased ),l percentage rapidly in tIhe 
It 

last regrowth. Partialregression coefficients between Cl' and average temperature were1.38, 1.75 and .92 for 1st, 2nid and 4th regrowtLhs, res)ectively,while those with ash and CP w'ere always negative Regressions arealso presented for stems, but not for leaves which appear to have
nearly constant C' :onLtent. 
 Tempe rature appeared to increase CF
of berseem by stiMuLating its maturity, but 
 also by a specific
action on the fiber content of stems. 

Key words: berseem, Trifolium alexandrinum L., chemical 
composit ion, age, season, temperature. 
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and Qualitative Evaluation of 

for Goat Meat (Cabrito) Production 
7-10-3 Quantitative 

Irrigated Pasture 

in Northern Mexico
 

and Sergio Echavarria
Jose L. Morales, Alberto Perez, 


Ui iversidad 
 de Ch ilhiiiua, Mexico 

in the central part of 
T1 is study was conducted 	 during 1979 

was to evaluate the 
northern N'.exico. The objec tiye

Chihuahua in 
of three species formcharacteristicsand nutritional 


ng the pasture.
 
Jegetational 

with 	L. Perenne , F. arundinacea 
area is establishedThe study 	 of 40, 40 and 2071 respectively.eloo.atlm in ihl proportionand A. 

from 2500-3000 kg of meat/ha of native 

wean Iing "cabritos." The area is'Ho- stocking rate fIncLtu.lteii 

goat 	 with Ih,. purpose of sell ing 
was measured 

divided inta 	 four plot!; of , ha each; the basal cover 

by five line transects, randotly distributed, each 10 
m

m 
i each plot 	 plots, 110 circular was determined on 
long. Forage producton 

each . 
this 	tendency: in Januarydynamic showed 

was 187, in February increased to 2 3 , then de-The herbaceous cover 

the average cover 

May, probably due 
 to high temperature, and 	 in 

creased to 17.57 in 
at 287. The basal cover 

July increased to 317 , finishing in December 

47 to 0.57 from January to December
 
for A. elongatum decreased from 


197. and 2.5 	 toincreased from 13 to 

more cover and biomassas I. perenn, and F.. arundinacea 

97. respectivolv. I.. perenne showed always 
682 kg in January, in

total biomas.s in D.../ha 	was
produc t ion. 'II' 

to reach 4784
 
creasing 
 as the environmental temperature increased 

1080 	 kg/ha
August, then decreasing with cold temperatures to 

kg/ha in 
of the grasses of the pasture

Th cellical composition 
average C.P. forin ilec 'mber. 

did not change significantly through the year, the 


and A. elonatuom 
was 19.7, 18.66, and 
F. 	 arund inacea, 

was 3. 39 , 2.72, and 3.967 , ro-L. pere-nne, 
1-9.0, respect v' Iy. ie averagle E.. 


Spec i,,s.and tI C.F showed values of 20.21, 2 2.69, andl 22. 0 for
 
spective ly,,,,aIcit 

(I) 	The dynamic ofthis stuly were:
Some 	 ot tile coiic un; ions of 

showed close cover through tle year 

climate cond;tions and stocking rate. (2) Thetilt' !jomass 	 and vegt,itional 

rlationship with thn 
show 	 signi ficant variabilitypasture dild not

ntitrit inal valie of th, 

trl't ' y r.r This' tenl(eilcy was More !;iglifiri 'ut.lv re lat'd to 
t 

Tie study revealed the 
th,' trri 1 :'titn ;iiiI tortilizatitnl practic's. 

of this type,of pasturefor good managementbasic characteri ;tics 
to anitial behavit.r inrequired related 


thlis pa ;ture.
 
blt further 	 studies are 

perenne, Festuca 
qualitat ive, quantitative, Lolium 

Fey words: 	 goat, 

arundinacea, 
 Agropyron elongatum. 
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7-10-4 
 Fire Succession of Mountainous Meadow ~ ~ Vegetation in thle South' of Cansti 

, Chen Quing cheng and Zhao Song=ling
University of Lanzhou, People's Republic of Chian 

The authors havemade observation ard study on the fire suc.Cesio
ofthree subtyp'es of meadow vegetation distributed i h
 
# mountain ranges of Gansu, with tilePurpose of evaluating thleeffect
'of fire on the productivity of this~typr' of vegetation.~ Thle results 

are aswfollows 
1. After burningthe production of forage grasses in fresh


weight increased by 14.35% onan average, and 
the increasing-rat '' '
 g true-mcadowsubtyperiai 
 t46d-'t f'l'f 7%-
IV 
 ious

economical groups of herbage, species of. sedg family (Cyperaceae)
increase most remarkably after fire, the mean increasing rate of, the 
.three subtypestbeing44.20%. Yet the true meadow subtype gained
value of 140%.' 
 The yield of species of gross family (.ramineac)
dropped down. by 18.18%, on average, after fire. The ruderal re
mained almost thlesame.
 

=2. Thea effects' of fire on various 
 type's of life-forms were 
quite different, Fire plays 
a role of stimulating grovth of those 
 _
plants with subterranean rhizomes such as 
Carex spp. and, some grasses.

But it resultsin suppression ofgrowth of those tufted 
tall grasses
with their retiew buds above ground, suchas Clinelymus nutans and
Roegneria nutans, and is unfavourable to those close tufted short
 grasses such as Stipa aliena also. 
 Dwarf shrubs llippophae rhamnoides
and Dasiphora fruticosa var.. 
pumila are seriously hurt by fire.


3. In spring, *the forage grasses: of thesc meadows turn green
15 to 
18 days earlier than those without burning, and period of
utilization of these' subtypes of natural ispasture prolonged.
4. This burning favours suppression or destruction of insect
 

pests and diseases of pastures and livestocks.

<it. comAccompanying the above-mentioned advantages'there are shortcings of a small degree of decline in quality of. forages and theirpalatability. Nevertheless, taking both sides into account,' the
S 
advantage is apparently greater than the shortcoming. Therefore,
the authors consider that burning is
one of the useful measures in
raising productivity of these pastures.
 

Key words: 
 fire succession, meadow, pasture productivity,

life-form.
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Ley Productionto SwedishA System Approach7-1l-1 

and B. W. R. rorssellJ. F. Angus, A. Kornher, 
Sweden

Swedish University of Agricultural Sciences, 

A simple simulationimodel (FOPRO-I) for estimating yield of leys 
The model

from standard meteorological observations is described. 


is based on an S-shaped growth curve, which provides an envelope of
 

also provides for phasic development and
potential production 	 and 

Climatic and soil influences are accounted for
regrowth depression. 

by a Growth Index, wlich incorporates effects of temperature, radia

tion and soil moisture. 
 Soil moisture is simulated with a water 

rainfall, evaporation, plant-available soil water and
budget in which 

canopy cover are considered.
 

in the model are estimated in a minimizationThe parameters 
ormeasured with calculated growth using daily

procedure by comparing 
After parameter optimisa*:ion the model predicted

weekly weather data. 
was a consistentfinal harvest with reasrnablle accuracy, but there 

early ieason growth, 	 presumably due to mobilisation
underestimate of 
of carbohydrate from storage organs. 

For validation of the model, observed ley yields from 49 parishes 
with model calculations.

throughout Sweden from 1961-1978 were compared 

The comparison showed a correlation coefficient between observed and
 

calculated yields of 	0.9. 
between observed and 	 estimated yields foned aDeviations 


North of latitude 59oN the 
model underestimatedgeographic pattern. 
of line yields were overestimated.

the first hay cut, while south this 
but the boundary line 

For the second cut the deviations were reversed, 
overestimates and southern underestimates was

between northern 

approximately at 60 N. This geographical pattern suggests a gradiPn[
 

in autumn and its mobil isation in the spring,
in assimilate storage 
with more storage and subsequent mobilization in northern regions with 

severe winters, than in southern regions with the
the longer and more 

milder winters.
 

model, crop-weatherKey words: 	 forage production, growth prediction 

interactions. 
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7-11-2 Energy Flow and Conversion Efficiency 
in Grazing ( wrassland 

T. Akiyama, S-. Takahashi, Mt. Shiyomi, and T. Okubo
National rassland Research Institute, Japan 

Recently, beef and milk have beccmne more important as a proteinsource in Japan. Because of the demands for a stable supply,grassland duvelopmcnts were carried out in fany districts. However,conservationists oppoi;ing this develornent ntrungly de-riarn preserva
tion of the natural environment.
 

1o reet those0 deltand, th-re if- a need 
 for clarifying thedynaiiics of miti-riait; arid energy in gras;ano ecosysteiii. Thepurpo oe of this pa r i1, to presr nt the results of quantitativeecological 	 invePtiatiov aked it clarifying the p ittern of energvtie.w throucjt din P tr e rioture ;)anto.! and OattI-r in a ir,ilnsanjecosfyctem rid to present energy conversion eff iet,,z! throughthe econ,/,tel that lead to prictic' il consider,it ori for, mriangetmentof grasoard, ard to wxrniKi " tMe animal product ion thile protect
ing the erivi ronment. 

%e,tsurahJe energy stor'ge on grasslard eoccy;tern; twa examinedfor five years at the ujintit site under the saerie rotation i,ogramwnwith t.o graizing interoit tes.
 
r lilv alan1i ohtr rIdiation and photo!ynttheicC activ' radia-Lion . ,r; (t! red a;n the errg/ sotjrceo in the ecosy!-;tei. Prinmaryproduct. rin / , t Are irto ird gr'azd apIounit b5y Cattle ,'reetstirliated I, the ii i aidffer nces inside and outsi(de of pretec-For the [ tetion tion C g 	 ii of' enorgy produced or storedpJ int rf -	 byi Je ca lori fic v ilu,, tore exainiiried for' dominatingp Jat speies at the Fujirit a site. easonal changeNs of digestihi J i, err tiveot igatiUd to cer'.,r-ir the diq,-,,rffor, th 	 onrrv by cattle.itr en ofv'li!atore!d energy in ctttlce, AC feeding ;tandardso,ere di)ted ir ordtng -th the incrornrnt of body weight.As the r'r-alt', Of dtotriination of onirgy ac'iarr iition, theon,r-t, corver, ion 	 efficienr/ through

o)ut -f . 4, o1 	
the system via,, ilculat.erd./i/r/yr of glob, ] solar, radiation,

" the r'ate, of 
I()'I , i I 'jI.,. 1,j,- re uti liz'rea in primary product ion(L) 	 Ind h for Iight


V'tv (t) gri/ting plot,, rospectively. 
 Intenaive grazingin plot iH cauoed iach iat~iiizt-ion of- ptotooynthate and also hiqherdigen"stibi itv vir o" in ptiv el-trot (0.60) and 0.691 for plot:1arid, 	 lin.,d,J ).6,7 for plot Li. Ltveral! officicnci.t- beginningv.ith toi r 	 radiat ion rIld terninating ats tor(,d oinergy in cattiJ.orI 7.,1;x ' ni 9. 61 ,for ot L and plot 	H, re,,PecL'ivol/. 

Key wordsgrassland ecovstew, energy flow, cattle, global solar'adiation, pasture plants, calorific values, digestibility.
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7-11-3 Simpq~le Computil" :-imulati n lModels 

for Forage .l iigm,'nt A pl ic:it ionS 

(;jry- .:., i ck all, D iv id o I st,.1d 

cornl I I n ivrs ity, U..;.A. 

models of forage growth can be 

ndl 0 limitations on 
Dvnaic coitputer simoulation 

biologicaluseful In interpreting 	phystal 

ptuduL.ion and il due:ig',lng manigiument systems for testing in the 

mak's thew both toredetoil of such models 

reliable and uiort expensive 
field. Vhe exp lanai tory 

to use than simple enli'Jrtcal formu

the expI~ehco They can
lat Ions. impIi ' simulation iiodels reduce 

points for de.igning, evaluating, or se
also 	serve eferencets 

thus provide it iore rattOioal
loCtlng ntore complox vurs uon; and 

ui ilg mod Is in i;rassloIil research lld mo1ilnagenelit.bas is tor 

Our o) jiC t iVCs Wre to dUvelolp tild to teSt a s ilnple dynamic 

Ot fo fit (Med lago sat [wa I.. ) product ion using a
Si~tllot ionl 111de l o 

rv aiid clip1ricol functions. Yield and 
Co llohitiont of 'xplooai 

ot digesttbility and crude protein con
forage quol itV in terims 

in, wao used to establishaid model tostcontottionls were predlicted, 
alfafa models,u p'l tnt for 	 uvalootftg more coimplexruference 
of idel development

several of which irc availatle. The rationale 

WAo to inc llinie thto 	 primary factorsi tlat Cllso viloItnll ilt alfalfa 

Vi (I. Coeet io Vi 1 1 0 tL1t to I , n )is tilr suppl y , t empe ra tore
 

as th I;s l;t impor tant

anlid c "ut tn ini no1g;nil; oli:ilt Were selected 

u;. oSSlItu d to oper to through its 
ffo ts, 

Clit t i ii i it ,ei;eOllt 	 WIo 

cont roI oI reg rowth potent fil oInd 
var ii t' 

eui Ic.t oil r oot reuservt!s int tit, 

functional relationships were taken
winter ;ur'vivl. Appropr iate 


frlll data tn thu literature Forage
Ihs dorived 
Iosed on an empirical relationship with time

froiui 	 other or 

Iulty toeictt ton wos 
The model wasas thu indopenllent variable. 

inii ed AL;I11 I (I,(VIL, 0). 
or i;rowit;, deie'e daiy.; 

I.c t VEi:, () modilI sinls Iated expucted patttrno of dry natter 

tur the torthe l s torn U.S.A.
1ad .:Oil Ino Isturi' supplv 

tres it an Important clement
il('(C.lltill 

It Also iiudiC;tulld t ot teihputate tt 

and that the phenologitca develop
of yildI deternation in alfalfa, 


it least so 'c tl tiv'' i s1o;t depeli on daylengtlh as well as

!illt 	 of 

of II.FI, 0 involved simulations of 60~tut-. (Crlticoil tests 

tini trom thireo harvest schoedules over two yealrs at three 
obtt.'i 

lies of soil noisture. The linear
 

1 ti' !;;i LiAs hrlltnod on predicted yields rendered the

lC.ititi' wit( lidiferin supi 

' 
r2 = 	 0.62 and S. = 0',.0.870 metric 

it -'c!Lk,,(io0, Y 0'ith 

. ' i' r oon; for statistical ilnp r jemeit
 

hi t LI. I, will ),. ldc llite or preliminary study of harvestintg
 

for dligestlol II ty and crude pro

ti' , .,. Ih'l ;in lit II 

optill. Ir-oil anli i s 
0.25 	 and 0.13, respectively, with 

Cinl 	 Cnii'clnti ltia l 'I lirei -tdrF = 

t. 	 i tht ortir ,If i to ,' purceltige units. Ali emp t r ica.l 

I it i:todo I uot adequal ti. 
. 

Stimre-h'i I I ty oi 

K:y 	 wo odl : ili , tcerne, Mud Icao. s tiva 1 ., soil water
 

t empe ri ture effects, geL1t iC potential,
lud get , 
tooting.forage qua I i ty pred ic t ion , model 
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7-11-4 Can Simple Sal Is Ira ici Kai land Yields? 

Kuarin t' i i 1
 
University of 
 Ilil"ois at ica Circle,r U.S.A. 

Many simpl e rep rvso sion model s have been huiIt to estinate annualplant produc tion f rom climate. Although most apply within only alimited local(', soie claim generality. This study shows thattrie-series version of such a 
a model can estimate aboveground rangeland

production accurately it a variety of sites.
1 tested six publif;hed models, 
 all algebraic equations relatingyield to climate. tPsing data from 3ri rangeland si tes in North )Ianerica,Asia, Africa, Australia, and 
yield 

Europe, I calctilated estimates of annualfor each model and determined the influence of climate variables,site factors, ird pst-year yields and climate on model accuracy. Forparametric inalyses, 
 data were taken as lg, arithsns.
lh models alone accounted for 55% to 
 70KCof the variationIelds ('(.0001 ). In ascending order 
in 

of success were:hbased two modelssolely on precipitation; a model based
tation on the ratio of preciplto potential evapotranspi ration and on growing season temperatureand length; two models based on actual evapotranspiration; and atep- finction model takini precipitation and temperature as limiting
fic to r.
 

5oil texture 
 ind method of samplin yield dill not. account forsiginificant .tdlitional variation (P<.O5); ve, etation type did, for theI,recipi tat ion-an lv model s, an(i interact in betweenfor the these factorsmodel inicorporatin;, precipitaition/lioteTitial did 
evapotranspiration 

ra t to.
 
Abolute error it i percent of yield wat associated neativelywith Icttal eva-lotrans

1piration for one precipitation modcl and withvariihle for the no,other ('.peansan rank correlations,
For '<.05 throughout).one tctuil evliiotran3pirition model, atsolute percent error wasis saciated neg;atively with latitu le, g rowint season temperature, productof elevation ,aol latitude, ind 'hornthwaite moisture index, andtively with tcmperature, potential 

posi
evapotranspirattion

seia;oil l'nijh. and growingFor the remain[i.lo three mnodels, absolute percent
was as;ociati'd nei;atively wi 

error

th actual evatitranspi ration, actual/potentialevapotranspi ration ratio, precipitation/potential evapotranspi rationratio, ioi .tlire index, ind precipitation.
Ii,,;e, (ps t-vear) values tffected triodet )erformaice mos t. Thereforerebou It t;suvvr/i I w'datLI S as ra,;eI arid tirse-Seri es models , by incorporit fli st yil Iri and regressi n; rangelandnew data. The data, arnit tested them onrebuilt step-function model (precipitation and temperaturea imiltir, factors) made predi ctions accOunting for 967 of theyield at new si tes; v,riationin arrebuilt actual evapotranspi ration modelaccounted for 92,, or 5 usino; estimated past yield (1<.0005 for all
 

t est s) .

The resul ts show that 
 if past-year yielIdbi It on is ir1cluderd in a trmodelran eielanl( data, oi tier a step-function model taking precipitation ind temperature as I i tirg factors or a modelevapotranspiration hased on actual c an Iccoulnt for much of tire v;a riation in rangelandyiel d, iles;pite si te and cI ima te di fferences . lagged yield may bestintegrate factors detenrinin, site potential, while current effectivemoi sttre may test differentiate one year's yield from another. 

woris: mi,h 1, rang,.I a yield, l ap irt product io, cliuate,
tim, ries, viptran;l,irat ion, procipitation. 
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:i Tol iil7-11-5 Spa1t i -I S imu lIt ion lO lcling 
MIl liple-Use Managemont of Ronwablt Reo;oulrco Systems 

R. (: Jump am! G. M. Van Dyne
 

Co l u Story llni rsiiry, U.S.A.
rdo 

model was developed using a modified state
 

involved the recognition and suitable
 
A conceptual 


variable approach, which 


specific objects, processes and situations considered
 
description of 


ecosystem dynamics. Six primary

relevant to the simulation of 


floral and
selected: terrestrial ablotic, 


abiotic and biotic, and topographic land use. These

ecosystem subsystems were 


faunal, aquatic 

as an
 

are embodied by a geographic structule defined

subsystems 


(ERU). Subsystem characteristics of an ERU
unit 

while between ERUs 


ecological response 

the characteristics may
 

are considered homogenous 

arranged inco any mosaic
 

differ greatly. A set of ER[s may he 

response behaviour to both
 

pattern. This structure affords a un'que 

p2'tern. Discrete management
ERtJs and the mosaic
the individual 


events, such as controlled burning or livestock stocking, and
 

such as shale oil mining, may be scheduled for a
 
continuous events, 


so the

The model operates "mechanistically', that 


complex of ERtIs. 

a framework for interpre.ation and
 

results are tractable and provide 


discussion among 
resource managers.
 

based simulat ion model of the conceptual model,
 
has been
 

A computer 


named An Ecosystem Simulation f Perturbations (AESOP), 


a methodology for
 resource nanagers with 


future consequences of multiple-use management

developed to provide 


analyzing the 

provides pseudo quantitative ecosystem


scenarios. The computer model 

of various management strategies. AESOP
 

responses as a consequence 


a user to specify many types of scenarios involving both
 
allows 


antlmanagement practices, which may vary

ecosystem charac ter ist ics 


in location, timing and magnitude.
 
purpo;e compriter language


AESOP was programmed in the general 


data typing and program structuring
PASCAL because of its siperior 


allow model flexibility not possible with most
 capabilities, which 


models reported in the ecological literature. AESOP closely imitates
 

data structuring techniques 
and derived
 
the conceptual model through 


functions representing ecosystem relationships. 
The
 

mathematical 

under

block structt-e of the computer program provides ease in user 


standing in evaluation, 
and change or interchange of simulation
 

procedures.
 

AESOP generates pseudo time-series data of the components and
 

indices of subsystem condi tions. A
 
processes of the EItUs and 


into
 
separate anlysis program suninarizes the voluminous output 


tables and graphs.
 

is presently being tested by evaluating ecosystem
 
statistical 


The model 
 r

' the sagebrush

response to multiple-use resource management 

regi ., is unique in its
 

grassland in northwestern Colorado. This 


richness of energy producing resources, its abundance of wild
 

its livestock and agricultural practices.
herbivores and 

from various management
Through the analysis of the results 


policy scenario simulations, a pseudo "hindsight" is available to
 

at the time of decision making.
the resource manager 


structure.
Keys words: simulation, spatial, model, AESOP, data 
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8-1-1 Effect x I- li,itt;'xp,.r tod ," the 6!sul t sof Vout tary Intik. Ixpi.rim.nt s with (ri ss CuItivaI!; 

P. Silo n j tP. D Ii .•JUsLt s;-1. i -Ut iv,.!; it.ai,'b L (Givse*;, , W. Ck-irmny1 

The amount of forage eaten by farm animals is an im
portant plant character. It is influenced by a number of
internal and external factors. Experimental results onthe subject reported in the literature are often contro
versial. This may be partiall, due to the methods of
evaluation employed. We studied if and to what extent
different: experimental procedures would influence the

results of intake experiments in grass :ultivars.
 

Voluntary intake of four cultivar!, of folium perenne

differing in ploidy level and earliness when ted 
 s eel
 
ad libitum was assessed using five different procedures

viz. fresh: dried forage; grazing: barn feeding; free

choice: 
 no choice between cultivars; feeding at different 
stages of growth: feeding at same stage of growth.

Fighly significant differences between cultivars werefound when offered fresh for free choice in situ (grazing)
as well as in the barn at same dates. Late cultivars were 
preferred to early ones, and tetraploids to diploids.Es sentaialy the same results were obLained when hay of
the flowering stage was offered for troe choice. When rhay
of the cultivars wai fed i- sigIc feeds, differences
between cultivaii; vari
1

d with stages of qrowth. They were
]irgeirat earlj(tr thin at later stages, and sometime.
i cerrtctio occurirei. Hay intake decreased significantly
with advancing stagqes of growth. The effect of stages ofgrowth at iirVOe+ ItIh( t ie of the feds Was much larger
than tha t of the cultivars. 

Gerret c differe(tnce!; with respect to voluntary inta'-ebetween grass cuitivars suggest the possibility of geneticimprovement by plant breeding me-isures. The procedures forassessment of intake should be chosen according to the 
intended use oF the forage. 

Key words: in t:ke, g riass cII It i%: I L,I iiii pere ne 1,., 
Ov:a !u i ilonmet hods , shCep. 
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Of SW I S"aMsL ls onEvaluation 
llokka;ido Islan , Japan 

8-1-2 

KyWShigeru Takahata sn, li Wa, nd Yyoi Shrbata
 
Hokkaido Briinch, Fo'e;,try :[d For(est
 

1roducts, R(nearch hi;ti trte, Japan
 

are types of Sasa genus:In Hokkaido, there three 
aboutSaa kurilfens.is) is distributedlarge-sized 

and the green weiqht is estimated 44
700,000 hectare 

ismillion tuns; middle-sized 	 Sasa (Sasa srnanensis) 

and 42 millicq tons; and small-sized
1,690,000 iectare 

15 million
Sasa (Sass nipponica) is ,610,000 hectaro and 

tonls. 
toils. studies have been undertaken to evaluate thn

lo-ing 
locatedon the experimental forest

grazing value of Sasa 
(1) observation of charactaristics

in Sapporo, ilokkaido: 
crops of Sasa; (2) studies 	oln 

and estimation of sti:nding 
Sasa under the effects of animal 

the veetational changes of 
sensing of Sasa grasslandsgrazing: and (3) remote and 

estimatLion of grazing capacity. 
Sasa increases ijy shoot sprouting and the span of life 

is about six -ears. On the average, three leaves develop 
is about three years.

in a year and the life of them 
ti nral change of Sasa was

AFter grazin(, the v(0et 
heiht, density arid stand

oh'-erved i:s follows: ) 1lant 
(2) g razting damage was 

inq cr-or: were sever]1';' decre.sed; 
plots and slight in the 

helvv in the ij, rig-nimmer 	 grazing 

r -,coeeId from grlazing damage


Iutumn l atW)s; lnd (3) SaSi 

within three /oars.
 
lnspireoa poor igestihilitzv, Sasa i; the most
 

it has stronq stems
 
impnt tant foraoge in I1okkaido, because 

t . stand ui(der dee) snow.,rd is We 
sen-; i n .; 2-L oiecti.ve to esti.mate the

Remote 
of Sas . Sas is nQsi'! classi fied, using

distIrbution 

the photori-phs of ].ate rltllmn. 

the
observedUsing mu) ttsp('ctri scainner data, w. 


ref orc e of ?Msa leaves and found hat there is a
 
band near infrared 

no ,ativ corrclation hetween red and 


hand. ': could reveal the distribut-ion of Sasa by the
 

band reflertion from infrared
su'btraction of red 	 one. 
an the Sass grasslands, the

AnimaIs qrazeo irreiiuary'' 
i c 

,; f" rence of q razin r,-ite h ,inq caused by topoig ra1 


cond it ions. oe ombined the as vegetat ion with the map
 

and estimated the grazing

of topouraphical conditions 

grid mesh map method.capacit, by soaie 

cattle,
Key words: Sasa senanenis Fehd., bamboo grass, 

remote sensing grazing capacity.
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81-3 Nutrient Composition of Ineplne Sobe'nan 
Sorghum"Plant Parts with Advancing Stagesof Maturity 

L.Evans and J, E .JSirley
 
<egr Eastern Kentucky University, Rutgers University, and
K 2< Western Kentuck~y University, U.S.A.
 

Bohsaeo-maturity and ratio ofpat nasybean-grain.
borghum 
 mixture influence theimineral composition,Sthe total proteinagnd the solubility of. that protein;however, co'mpsition data on 
these plants concerning the degree of differences or the range invalues aren
limited. Thus, interplanted soybean (-100 
to 135kg/ha and
 
Sgrain 
gorghum (17 	 t 23 kg/ha) were initially harvestedt'i: 	 at 9 wk ostplanting. in the vegetative (vog) 'stage. Over~the next 9 wk, four
 
additionCal 
samples were harvested to de-ei
erine the ratio rind
cheical
composition 	ofveg and seed parts 
for each plant at an advancing

stag&eofmturity. 
r. G rain sorghumDor plantshave-lsier -e ~-- 6 nergypotent-ials -_as feedstuffs for cattle. However, the two plnt

differ in protein profile orprotein solbility and
position. initial veg dry matter yield 

in mineral com
 
was 6,300 kg/ha at 9 wk from
 

year1.o
Dry matter yield increased to15,000 kg/ha with 52% veg.'
Chemical compositionsat. day 123 
for the veg 	parts were 56% estimated TDN, 46% ADF, 9%.protein. NDF was 
74% for grain sorghum amd
 
57%efor soybeanowithithe difference contributed by heiicellulose.

For the grain parts, TDN was 75%; 
28% 

NDF was40% for grain sorghum and
for soybean With the difference contributed b .se;
demiindl: 

b. aes n%an protein wben 	 9% for grain sorghum and 29% forSodium chloride insoluble protein values were 79% soy
6	 in grain
sorghum head, 7%in grain-sorghum veg and 58% in both 	parts of
soybean. Thus, protein quality for ruminant animal utilization favored the' grain sorghum. Grain sorghum mineral levels were as
 . xpected for calcium, phosphorus, potassium and zinc but 
lower or
deficient for magnesium, sulfur, copper and manganese. In general,
the grain anid-veg parts were not greatly different within forage,
S 
but values for the-following minerals were uniformly lower for grai
sorghum. 
 Values for grain sorghum and soybean were 
0.11 anid 0.28%
magnesium; 0.09 and 0.22% sulfur, 
3 and 10 ppm copper, 11 and 24 ppm
manganese and 14.and 24 ppm zinc, respectively. Both stage-ofmaturity and ratio of- plants and plant parts will be discussed; and,
these data make strong suggestion for nutrient supplementation to
achieve nutrient balance in the ruminant diet. -(Supporteinpr.
by A. 0. Smith Harvestore products,- Inc.) 
 - - e npr 

Key words: 	 soybean plant, grain sorghum, protein quality in

ruminant diets, minerals 


261- - -



The Concept of Persistence
8-1-4 


D. T. A. Aldrich and J. Ingram
 

National Institute of Agricultural 
Botany, England
 

for the assessment of grass 
Tae two most important characters used 

and persistence.and Wales are dry-matter yield
varieties in England 

to retain its 
can be defined as the ability of a variety 

It is assesscd by measuring changes in groundPersistence 
ground cover over time. 

time of year (autamn)is recorded at. a fixed cover over 	 time. it 
and point quadrat records.

uslng, a combination of eye assessment 
s 	 are well correlated 

Results llow that eye assessment. of ground cover 

with the objective measorement.. 
and diseasfrost, drought, pests

The effect 	 of sftress factors such as 
from true persist

cover should be considered separatelyes on ground 
stre!ss problems are the exception rather

In the UK seriousonce. 
in ground cover will 

than the rule. The relative rate of change 
and the ground cover reintionships

depend on the management applied 
di ffer, with widely different manage-ments.

of 2 or more vrieties may 
trials conducted by th3 

paper reports the results of routineThis 	
(iIA3) in England and Wales 

National Institute of Agricul tural Botuiy 
60 varieties (tetraploid and diploid) of 

in 17/5,70 	and 77 to compare 
of the relationship

ryegzrass (Ll-.l spp), and presentsi an aralysis 
and yield.between ,,roans cover 

above 
Ground cover is a g;oodrieasure of the dry-matter yield present 

if the yield isof mearsurement. However,
groutri level at the ti me 

a iejgt of' 5cm, prostrate varieti e: may have 
1asL;4,'d by cutting at 

vice-versa.,ood ground cover but low yield and 

trial rourtd cover in the nutumni of the 211d harvest year was 
In NlAb 

in all 3 years (r - 0.93 
well ,orrlA~d w'tcih 2rrd harvest year yield 

.,.xxx) for diiploid and tetraploid varieties of 
xxx, O. 4xxx and 


ryugras-; (Loium multifloum). For, tetraploid varieties of
 
ltalian 

prenne) the correlation was very good (r=
perennial ryr Lol.ium 

0.92xxx, 0.96xxx and 0.O)6xxx) but for diploid varieties the correl
'Tie relativeand 

ground cover found in diploidation w: less good (r 0.Oxxx, r.75xxx0. 8 7Vxxx). 

ly low carrelr, tiolt between yield and 
ranr,e of growth

perenniol ryertisn may be partly duo to the wide 


habit in tilLs grtoup of varietie
 
yield: ground cover ratios,
have eiararterictic 

t Tttis ratio is similar for both 1stVrieties tend to 
deperident mna'nLy on growth 

and 2nd harvest year:, 'In mjks it. posciblie to di:tinonuish low yield
varitties. ng prostrate varlette:; "rei yilding erect 


Ratio of 
Yield : Ground cover 

S 11t rinle ,;paced plitlsar 


1!t Prd teight : width
Vjriety 


21 .;57 1.5) 0.91
Aberystwyth 
1.00 0.70(Cropper 	 1 .71 
1. 3' 0.5"1.62Barlenna 

of tite first harvest year, differences between perenniv the autumn 

ial ryegrass varieties in ground cover are usually small but these
 

The rate of chone is a
differences increase in smbequent. yea rs . 

ecto.,e yields are well correlated withvrietal charac tenistic, 

grourtd cover, varietes whicit nhow steepest decline irt ground
the 


it yield.cover us5ually sliow tit s teerest dec line 
cover, yield, Lolium, growtit htabit, varieties.pcrsistence, gr tnd 

.'ey words: 	persistence, ground cover, yield, Lolium, growth
 

habit, varieties.
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8-1-5 Yie Id am FIo '. ua ILity of p';iicum virjItim 

J. 1..iLriffin aInd G. A. Jung.
Loui sanni S te4 tin i v,,r; ity . l l'rsylva ia In,,tnivorsiyi 

U.S .A. 

In the temperate areas of tile united States, high temperaturesand low soil noistnre in 	stininer limit the production of cool-season grasses and, consequently, the size of most heef cow-calf herds.arin-season grasses productivearc most ill mi dsunnler and may serveas a supplement to cool-season grasses for grazing and hay. Switchgrass (Pan icu yi'a tom I,..),a warn-season species native to theGreat lWai UGA,sUli-, 
 grow on soils liow in available phosphoiiis
 
at tio locations in Pf sylVaiia to determine changes 
 in forage drynatter yield!;, 
leaf (le, hlade) :stem (sheath 4 stem) ratios, andquality of leaf and stem fractions associated with increased matirat ioll.Forage was harvested at 10-day intervals 
at hoth locationsbeginning at tile 3- or 4-leaf stage in late util]Jiiine continuing
until seed mat i-ity in early Augugst.


l:orag,e yield at early head emergence averaged ,4.72 met ric tons/
ha with no nitrogen fert iIi zr. Yield variability heteen locations
and )ears mas apparentlv dule to ,'ievious stand nalaela ftn. lea f: stemratios decl ined as plants matured and in early Augiist, stems accounted for 63" of the total dry mattr yild leaf and stert forage

piality estimateS at earl)-head ie'gence, respjectively were:
Vitro dryl"Matter dis;iIpe;irancc (IVPtDl, 58.8, 	

in 
7. r,'de 	protein(CP), 8.5, 3.9?; neutral deter,ent 	

c.:.
fiber (NIF), 67.1 77.7?.: andlignin, .1.7, S..-V.. In concurrcnt feeding trials conducted usingsheep, IVTD) lilderestimated in rxvo digestihilitv hQ 17 percentage

point s.
 
Percent 
 MViIl and (T nr'tllv decreased with leaf and stemlliaturat ion. Tie decl ine ;v ,reatest at the early harvests and less 

p ronoiuiiced illleaves thnin steins. I contrast, percent NIT andlignin generally increased with advancing grovt i stage, and changesw'ere 1110o.t rapid for stees it earl ier harvests. 
In conclusic.., Witcdirass can produce i:ood yields of medilunquality forage at. low soil le t ilitv levels during late tJune, July,and Auguls t when prodict iolof temporate grasses is inadequate.

Grazilg !;Iitcl:rass at lore I ,iture growth stages woold not only
provide fol"oe o ;ifcqatula nutritional value for ittlreand 	 brood cowsttocker cat tle lit 	 oll ld also increase pastlre c;irryilg capa
ity. In a hay progr;av, havvesti ut, at Carly head 0ergeece 1oilhdp)rovide the 	host alternat iye when colnsidering, vield, qual ity, and 
pers is tence factors. 

Key words: 	 switchgrass, Panic vir:: L., ,awrm- so grass,
Iforage qual it....so..grass, 
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Componot Analysis t)
Us, of Prircilpal8-2-1 Summarizing Nrtir i t iv and Ari I y t i c I (lhracha ter is tics 

tof Forasl';lt'
 

Broon, Z.. Johns,)i, i._. Kreider, 

and J.0. YOrk 
O.T. Stallcup, C.J. 

Univor!;it,' of Arkans;s, U.;.A, 

other multivariate analyses
Principal component anal-ysis and 

Our objective
have not been used exten,,;[vely to analyse forage data. 

summary of 98 digestion trials on forages 
was the synthe.ais and 

using a principal component analysis.
 
all trials were: dry 
matter (0M),

The 10 variables ,;tudied 	 in 
(CF), ether 

crude protein (CP), digesLtible protein ()P), crude fiber 


ext rac t (NFE), ash (A), m,ro;senergy
 
extract (E), iiitrogeti-free 


ible enersgy (I) ). Acid detergent fiber (ADF),

((F) , !'0N and d iest 

were sumnarized,
l ignin (ADol) 	 and cellulose (G) in 

acid deter gent 


addition, for 
 some fora, es.
 

When data on 
 13 var fables 	 in 24 hays, were summar zed, the first 2 

for 62.97' of the within group
princitpal coll,anents accounted 

1O and A were po;i tively 	correlated 
var iance. DE, TI1N. CP, I1', 

and C were 
w i LIIhe f ir;t p rci if pal 	 compoeilt (p01) . ADF, CF, ADI 


PCI. CP , I)lP,and 
 ADI. were positively

negatively correlated to 


the second principal
correlatud and NFL1tnegatively corre lated to 


Coimpollen[t (PC2) . A grap :icode io;,'l toLi; clansifv ha's made
 

fromn warim !;eajo 
l and Cool. seasonj

f rom ;,rasni': atl I ',,ilmtn;land 
1 plotted acc<rdin to principal compolents 1 and 2, a 
p 1ant.,. When 

1f 1 ni'l grol' hay'; from legume hays andi hays 
clte;Lril'' data:;(r


oa llid ,0t . s iStl;aO plants 
was observed. In data on 
frmI col 

u ' :l'l , two principal' e)
10 variable,; 	 from 1S coan !;la. 

witll in group 	variance. In an
for 77.3/, of 


anlal .;i i 0'l'viog I v t)ri;IhlA:;

cOlplOntt; accoultied 

of 4 ;or hra (Sorhlljni vuljiire 

:,i , and "''2 icco1''tad for 51.0/, of the witinii group
11 10i1 

for 75. 't% 
vl r iIt i on . The fir-;t two princ ip1 I componcents accounted 


ill I I :; il a 'ei; made from cereal crops.

of w tkhin ,roup vartlt:t(t 

1 
 has revealed thatriahles forPooled data it I" Itudi; 	 i b, 29 

;f withinj ,ru p variance. I[kewise 
PCI .llid '( accolti t'd for W1.01, 


dai on011 iW) it,hidin, (, logo:; not stated
 
ini p00 &I i) 

untd for 58.3%' of the 
. th'. two priiL isil c, lttul'llLsaccl-ev io :;I", 


wit.lii r op rkil , e.
v 

opt-ilistl snuimtariznt.ion

;Il v' ;i ; p' riitt('d 

also permitted graphical
P'ill ipal c'( poliol t 

ot (1(zir (u ititcrmit itt. 	 It
clut ,
ar I ri 

, 	 omp )ieiltsto the two prinic ipal
iu or-i 1 

lit .!;i,-LiLtiot of vzwrtie
 
ilt ion. One illi, alsio ide iify 
 latent 

for ' li-Oli ; nd(i 
c 11s!A r ills,, fac(tor ; inl the! popillat oil1. 

Key word,;: principal component analys;is, silage, hay, data bank, 

cat t 1e. 
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8-2-2 MetLhodology for 0t1t1rmilin, Pai;Lur , and
 
Aliima I espons;e in iilfrncIItd;,lianc-,d Epxr'irlient.;
 

wiq th [nte~l-col-rl' tio[I lIllln"l. Tr l' l~lohnt,
 

.
J.t:. lhl m; l ." Ilarwv,, Ild '. . i, hr , h 
No II Ca r. iiI i [I liIi v l; ,, .ta t i tI- A. 

Convent ioal1 !;at ttI 'I 1 nlva&'.; I rqilr 1r hal anCed data Sets 
Unbalanced tl;:_acall he al :'yzd na I gll,It'-reaa Ioil pro'edres , bitt 
LXces I v'o ad 11ltrt nrl'' tor t;ollliIll t !; ociii r treatlt nt IlalIal;.The olject-
Iye of tlhita paper i; t(,ovalli: t ia anal 'ai!I of grazing trial data 
Itsill)g g o ral k edI t'at .;'ljl;i r!;. 'l i d (;ia 'ia obta ined fro-m a f-year 
.tIIdy Ill vi lvi ng I 2 t n tlm,' a!;wIi ti not . 1 t in allt [ mint,;aappea ring 

ylea ,l lit allalI vs-;a i IVoIlvV d i a tia ng an-;1ll,,c itompollos;I va llt (IlleLo 
yeart, fI'ld!; and raidloml el-rol il- tlan II IoInil these to obtain ad iu-tod 
ti'itlIliltit Vli'alafl kiilltc1cmoioil'iit 'at Imatesia or the complete data 
i;ttwor' ;illlil"t to '-at ilcitta toi' twao balancie'tid slbset!; of the data. 
" r i cii (la pit , ad !;tol t, at im'l1 lilnr; lIt.r cow ;iitdcalf dl y 

ciin/h/ andtig ii, ,' iT 1N 1ha;1 1 t- . i", i I ar (o I ip1' tt-I'(tTii t meana;. 
L:;I'rt i ' .r I -f I(a-.- .; oi-'iir-l ha d il at 'pxpl ns.(Ii tIlli1 d i onl I ri;rt I 'lh 

atciat ii';I pro(-diitr, u;,-d otir-; icintoie'b;i le promil:I se when analyzing 
ilcit c f'ill 1tiull c-il ,:-:pi-rill-,litt; involviig b hl ixii anld ratindon 
tf-ict!; anld large' r;iallhitl I ;tiilibliii'i'a, Firther xp rT'i(ctice w tlth tifS 

i;ortof mlu v' isa ii; o tlhi r t1i ;inlitiL tcd Is neelldillii il],t;] 

t;: 'y o,,o VIiuiitl toillhiip Ilt-lli, ; 'ijIIu;t'd Ill lanil, cow, calves, 
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Cattle 
A Model 	 of a Spatial Pattern of Grazing

8-2-3 

I. Shiyomi and S. Kubo 
and National InstituteResearch InstituteNational Grassland 

of Agricultural Sciences, Japan 

of r;lzing cattle is important for effective 
A spatial pattern 

behavioral controls of 
of a grazing field and the 	 the 

management 
here: (1) spatial pattern of 

animals. 'rhe following are 	 discussed 
in spatial pattern asby behavior, such 

grazing 	 cattle'; (2) changes 
indiv

(3) the equilibrium distance between 
rest, grazing, moVelent; 

iduals in a population. the 
length of a cattle the distance betweentroop, i.e.,The 

was recorded every 5 
left and extreme right individuals,extreme 

found from the observations that 
minutes in a grazing field. It was 

where;n 	 indiv
there are 3 state:; ii the s;patial pattern: S, state, 

move for a while;area and do not 
dwindles repeatedly;iduals gather toget(her in a 	 snail 

the troop spreads out but soon
S. state, where subgroups.
is separated into 2 or more 
ald state, in which the troopS3 	 and the change during timetroop be r

Let the 	 length of a cattle 
" is a functionhave .r/,tf(r) , where f(r)

length AL be .'.r. Then we 
follows 

r and, is the factor of random movement which a 
=of length . 	 assume f(r)tlere, for .;implicity, we 

n1ons71al distribution, N(0, 12) 
. states 	 of spatLial patternconstant;. Tho

a-br, where a anl b are 
the estnimated values of 

which also include.<;are as in the table, 
and 48,.56 inlollegth were 27.21 

Tl'he'eniI ibria of troop 


ill S1 and S. , sct i I 

constants. 

ely.

A hiol -)oical population h;i; random, aggregatlc d or regular 

pattern of a cat-
An index I-odetermine the spatial

spatial 	 pattern. 
longest periphery of a 

tle troop is l)roposed. Let 	 the lnglth of the 
troop be r again. Then the 

thc lelln,,th
grazing 	 fiel(t be !; and of a 
where n 	denotes tile troop size 

indeX is defineh by l'(nfl )r/(n-I )/s, 

dtermiined by the 
 following
 

in number. Tie spatial pattern can le 

1:1 ; (2) a random pattern,pattern, ifcriteria: (1) an aiprog;ted pattern, if (n+I)/(N-I)>' 1 

if =1 , and (3) alr r repol;iveIraulor 

te.<tu against the null hypothes is:d 

This indOex can1 be' statisically 

by theo use of this index tLhat (1)


It is colicludedrandom patt ,rn, 
not significant

Lhe a'gregated pattern, (2) S, is 
la; almo;t 	 regular pat

t,, random p,ittern and (3) S coincides with the 
aainst 


may coincide with behaviors of rest,
 
teri. ,5t;ite:; , ,,, anld S, 

betweeon 	 individuals, respectively. 
praz ie ; or movcmtnt, and repulsion 


pattern and the 
 ;: timated 	values 
Tal1 1 	 Three states of spat ia 


of colsI ants.
 b 
ai 	 i
Estimatedlli r-----Stite IE 

86.5 30.2 1.15
 
2 al, bI 0 for f(r)' 0 

'1 al=I I=0 for f(r).1l
 

194.4 74.0 1.52 
'ILa, b,-O0 for all f(r)S2 


, b3'l0 for f(r)'ll
$3 2 a 3 104.6 1.48
3 a3=b,=0 for f(r) 0 	 86.0 

3 

(raeasured in meter) 

Key words: spatial pattern, cattle.
 

266
 



8-2-4 
 Initiative Research on the Calculation of Grassland
 
Types by Exponbitial Method
 

Chou Dian-hul 
Gansu Acadomy of Sojences, China
 

According to Professor Ran Jizhou's theory of classification
 

of grassland in synthetic order, several basic points 
 have been
 

brought up. A distributive function of the exponent of grassland
 

types has been postulated, an followss
 

According to the basic point 2;(f')=/ a group of values
 

of " X)ii has been approximated and methods for oal.aulating ") 
a
 

have also been formulated, as followss
 

?- - -- ,0------- (when K is definite)
 

fI 21< l ---- (when I,is definite)
Co0 ,x-

In order to correct 
some errors, a group of revising function 

J(A) has been adopted correspondingly. 

Through calculation, answers to the numerical relations of tran

sition among different grassland types, to the typological relations 

of grassland cultivation and to the possibility of forecasting the
 

auocesiful introduction and growing of zoological components and
 

botanical varieties are given.
 

Key words, exponential method, classification of grasslands,grassland
 

types.
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8-3-1 Rate and Extent of Fermentation and Potentially
 

Digestible Fractions of Various Roughages 

W. J. Maeng, II. S. Yun and I. S. Yun
 

Chung-Ang Univers i ty, Korea
 

such as rate ofitipErtlon charactristic'sTo detirmlne in vitro 
and amounts of potentially direstIbl dry matter(IlDD ),

fermentation 
acid dctcrpcnt fibor(DAI)F)

cell wall constltucnts(l LCWC), 	 and 

wcre sc Pced Including ricesi 	 ropharpscellulosC(llcv]]ulosn), and 	 alfalfa.stover, orchardni-asscorn cob,straw, barley straw, corn 
mm scr en in a WIley mill. 

were ('rovnd throuph a 1.00Poughagos 
d for ',(, 12 2, 9(, ,P,2

Four rrpication samples wrfr incubat 
and 	 112cv ]] ul ore wrre c termin( d

I, 	II CWC, 1 l'AD'and 	 1i1i hours and P 
ncr- from indi estle nsiducs rrmalrinfg aftrr tld4 hours 

by diffe 
wa!; drier-
Pate constant for fc lrmntatlon(K)

in vitro incubation. 

minfd as the 	 slope of refgrrscion of lop natural r sidues upon incu

from 0 to 7' hours, and fern, station time was 
'atlon times 

estiImatd by 1/K. 

ranged from 5!,'(rlci
lotentially ditretible fractions werc 

P,; (corn cob' for dry matter, ?7'(aafal fa) to 7t'(corn cob)
;traw) to 

5? (rie, straw)
for C;WC, i2r'(alfalfa, to 5/'(corn cob) for ALF' and 


for cellulos-e. F.'-mentatAcrn 
 rate constant of 
to P7,.(orchardrras) 

to 0.01(.14 hr
i npcd from 0.O0(( 1 hr (a] falI 	 -1dry 	 iatter w,re hrrangcd from 0.0292Pof IIlA' wasrate constant(corn cob', and 	

rat, constants 
,ricc straw, to 0.0101i? hr-lalfalfa). Prmrntatlon 


re reanrd from 0.00(9f' hr-I(a]falfa) to 0.01141
 
of' C iC and t'C w 	

1 
s tover) to 0.0W;( hr- alfalfa).hr-I(corn 

and !IADF wcre ranre d from 0.005(( hr- (cornhr-tIcorn cot ,nd 0.02§05 

!.at'. contants of A1AF 
cob) and 0.01797 hr-l(corn ntover) to 

stovcr to 0.011P9 hr-l(corn 
lI'cc]]ulose!late constants of cellul or( and 


hr- (rce 
r straw) to 0.021 ( hr-t(corn cob)
0.Oh147 hr-l(corn cob). 

were ianved from 0.009355 

straw) to 0.0502P hr-l(alfalfa), rerpctivly.


and 	 0.07.29 hr-l(rice . 
thc 	 hi phen t amount r of poirntlally d ifsti-bl 

orr cot had 
thc hihert f rcntation rat, constant.

f'ction'; and also had 
straw had the lowrst ]e.vls of sotntl.,ly

* otl" rlc' straw and i'a']e, 

an w]li an thc r-mal.est frT7, ntation


dip' stil;,- fractions 	
rat 

had 	 hli'h'r ] ven for Iroth potcntially
conftants, but bMrl'y straw 

than riic straw. Alfalfarate constantsd(tg!t.l1lc] fractions and 
di ,rt11hI fractions and small ratr 

amounts potentally 
Iut !,ad v, rv ]arr, r rat, constants ofhad 	 low of 

constants of each fractions; 


pot' stialIy dipes U Fl cl fraction: C rehai-rass and corn stow r
 

di' tiif]' fractions, and

had 	 int r.,diatr amount! oi pot, nt.lally 

fi-s.' ntatior rat' constants lut
had r'r si-all 


orcharVI-ns had r-at' 

corn ;tovrr sal]y 

Iairf' constants. 

frrnntatlon tine,
EKy 	 words: f'rmntatlon rat' conctant, 

potentially ditestib]' fr-action. 
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~~ ~~~ 
Bulk1 Volume: Paramete'r or Measuring- Forage Qun

and Its Influence on Voluntary IntakeQuly>
 

P. J. van, der Aair, Hf.,Boar,, B, Deinum, and G. Hof 
Agricultural University, Wageningen, The Netherlands 

This experiment wa~s conducted to evaluate bulk volumne (mi/gm meal)

as a mothod to estimate the quialityof grasses and to determine whether
feed volume limits intake. Samples of two grasses, Lolium perenneand

Festucaarundinacea, were collected at different stages of growth. The
 
voluntary intake by dairy cattle of the grasses had been measured pre-~

Sviously. The volumes of the samples and the volumes of the cell wall.'
residues after o 6, 12,. 24.and 48 hoursin vitro digestion were meas
ured. These volumes were incorporatedin a fill modelfor the rumen___ 

the rumen from rate of passage,- rate of digestion, digestibility, NDF
cell-soluble ratio and time between meals. The model was used to

plain the-variation in-intake.-

ex-


The original volumes of the grasses 
gave low correlation coeffi .cients with the different cell wall fractions: NDOF (0.28), ADF (0.18),

hemicellulose (-0.14), cellulose (-0.04) and lignin (0.29). However,

the volume of the initial cell walls was highly correlated with the
 
amount of the cell wall components in the originalsample: NDF C 0.91)

ADF (-0.53), hemicellulose (-0.96), cellulose 
(-0.50) and lignin

(-0.99). During digestion the bulk volume of the cell residues in
creased per gram residue, but the absolute volume decreased. 

Table 1. 
Correlation coefficients between physical-chemical
 
characteristics and quality parameters.,
 

:Physicnl-clemical ... Quality parameters'
 

characteristics
 
Rate of digestion Intabe75 Digestibility


(k /BW - . .... .. ; 

Volume grass 0.24 
 0.60w -0.58
 
Volume initial NDF -0.67 
 ' 	 0.56 0.83 
Lignin (% DMB) -0.65 -0.61 -0.80
 
NDF (%DMB) 0.68 
 -0.50 -0.64
 
AoF (%DM3) 0.47 . -0.44 -0.37
 

The cumulative f.Ilfrom the model-when calculated before a meal
 
starts gave a correlation coefficient with intake of -0.82. 
 However,

when calculated after a 
meal was finished,- a correlation coefficient
 
of -0.72 was. found. Adding the volume to 
the model showed smaller

correlation coefficients of -0.50 (before a meal) and -0.23 (aftera

meal).
 

This experiment showed that volume of rumen fill explains less of

the variation than weight of rumen fill and that the cumulative fill,
~as a result of intake 24 hrs prior to a meal, had more influence on

intake than the fill caused by consumption 0-240 hrs before a meal.
 

Bulk volume of the NDF fraction in a feed gives the best explana

tion for differences in digestibility and rate of digestion. 
 The
 
higher 
 the volume, the faster the rate and the greater. the extent of

digestion. 
 -

Key words: 	bulk volume, forage evaluati,'n, voluntary intake,
 
digestibility.
 

269
 



Using a Dvnjmic Model of Fiber 
digestion and Passage
 

8-3-3 
 to EvaluAte Forage Quality 

1).[.Martens and L.0. Ely 
University of Georia U.S.A. 

forage quality depends upon not only the characteristics
Assessing 

also the dynamic interaction of the forage,
of the plant and animal, but 

and animal. Although static variables, such as 
rumen microorganisms 

or 48 hr In vitro fermentation, are important for character
composition conresponses under standardized 
izing feeds and predicting in vivo 


provide limited information that can be used to as- ess
 
dItions, they t 

In order to pred' - nerformance
in dynamic situations.forage quality 

static variables require
hours fermentation,at points other than 48 of 

dynamic propertiessituation. licwever,
different equations for each 

to predict digestion 
such as rates of digestion and passage can be used 

model.in appropriate mathematical 
for many situations when used an 

a dynamic model of fiber digestion and 
are to describe 


passage in the ruminant and to illustrate its in assessing forage
Our objectives use 

quality.
 
fiber Is divided into three frac

model, neutral detergentIn the and indiges
(> .02/hr), slow-digesting (<.02/hr)

tions: fast-digesting 
escape the digestive tract 

t "Me. VMile the indigestible fraction can 
can disappear by both diges

by passa'i only, the digestible fractions 
the rumen into large, medium 

and passage. Forage particles entertion 
pools. As particle size is reduced, particles 

or small partiCle size 

medium and mediumu to small pools. Escape from the
 

large tomove from 
and the meditui particle size pools. 

rumen can occur only from the small 
are assumed to be first-order. The 

All rates of passage and digestion 
and ias been implementeddifferential equations 

is ing both CSMP and GASP TV simulation languages.model requires twenty 
on the coiputer 

used only to pridict forage quality under 
"he modhl, can be not 

but also toand animal characteristics,
varvi O, sitjuiatjl iois of plant 

factors in determiningimportance of variousimeamiIroe the relat iv 
quality in terms of animal performance. By varying the diges

forage tothe model, it is possible
tion rate and indiestible fraction in 

of their relat lvt importance for digestion and 
obtain an estimate 

two, the dynamic model predicts that the indiges
intake. Of these 

influence on both digestibility and 
tible fraction has the greater 

be more produc
genetic variation exists, it would 

iiitake. Thus, if 
plants within a species with smaller Indigestible

tive to select 
rate!;. Other simulationsthan faster digestionfractins rather 

is one of the more important variables
of 

intake and dige stibility.
 

indicate that rate passage 

Influencing forage 
model adds a new dimension for asscising forage

The dynamic 
tv because it provides flexibility in determining the effects of 

quaI 
plant and animal on forage utilization. With 

chang:es in both the 
tool for discovering the

provides valuabledata, It aaccurate kinetic 
-indphysical structure 

attributes of forage composition, morphology 


which influence 
 fiber utilizatiou by ruminants. 

quality, digestibility
digestion model, ruminant, forage

Key words: 

intake, passage, forage.
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8-3-4 Relationship of Forage Evaluation Techniques
 
to the Intake and Digestibility of Tropical Grasses
 

S. M. Abrams, II. Hlartadi, C. M1.Chaves and J. E. Moore
 
USDA-SEA-AR and University of Florida, U.S.A.
 

Tie objectives of this study were to: (1) evaluate the quality 
of ten cultiars of tropical grasses cut at four stages of regrowth;

(2) determine the relationship of forage chemical composition and 
in vitro rates of digestion to forage quality; (3) determine if use 
of a synthesized estimate of the rumen passage rate constant would 
improve predictions of digestibility. 

Seventy-six grass hays, representing one cultivar of Cynodon 
dactylon, two cultivars of l)igitaria decumbens, four experimental 
lines of Digitaria spp. and three cultivars of Paspalum notatum har
vested at 2, 4, 6 and 8 weeks of regrowth, were fed ad libitum to 
wethers in a digestibility and intake trial. Organic matter digesti
bility (O'ID) varied from 54.1 to 72.3 percent and organic matter 
intake (0.11) varid from 17.3 to 27.4 g/kg. Correlation between 
OMI and OMD was .47, which was not improved when considered within 
genera or within cultivars. Animal variation in 0111 and ash-free 
neutral detergent fiber intake (NDFI) was best removed by powers of 
body weight of .92 and .93, respectively. 

Hays were analyzed for crude protein, crude fiber, ash-free
 
neutral detergent fiber (NDF), acid detergent fiber (ADF), hemi
cellulose, cellulose, permanganate lignin, silica, in vitro organic
 
matter digestibility (IVOMD) and in vitro NDF digestibility (IVNDFD).
 
Lignin was the chemical component most highly related to OMD (r=.72).
N)F was better than ADF as a prerlictor of 0,11) (r=.66 vs. -. 45). 
IVI)NFD was superior to IVOMI) and all other analyses as a predictor 
of OMD (r=.84). OI was; best predicted by ADF (r=-.54). 

Sixty of these hays were subjected to in vitro fermentation for 
24, 36, 48, and 60 and 96 hr to detensine potentially digestible (D) 
and indigestible (U) NDF, digestion rate constaut (k d ) and digestion 
lag (L). A rumen passage rate constant (k ) was estimated using D, 
kd and N)F intake. Predicted NDF digestibility (NDFI)P) was estimated 
as Dkd/(kd + k ). In vivo NDFD was more related to 1) than to NDFDP(r=.89 vs. .75t'. 

Thirty-eight of these hays were analyzed for tile phenolic acids, 
p-couramic and ferulic. Lignit, and p-coumaric acid were about 
eq-sally well correlated with NDF digestibility (r=-.72 and -. 75), 
al .tough p-coumaric acid represented an average of only 0.6% of NDF. 
Ferulic acid was not well related to any in vivo measures of forage
qual i ty. 

Ile conclude from ti.-se s;tudies tHat: (1) the relationship of 
Van Soest fiber fractions to forage quality differs in these tropical 
gras;es from what is thm conventionally accepted relationship; 
(2) the influence of rate of' pass;agp on variation in diges;tibility 
of tropical grass hays, fed ad libitum, may be marginal; (3) in 
vitro techni pes remain the most accurate method for estimating 
diges;tibility; (4) further investigation into the nature of plant 
phenols and their relationship to forage quality is merited. 
Key words: sheep, ruminant, forages, intake, digestibility, fiber, 

phenols, rate of digestion. 
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Structural Charact,'ri,;tic:s Li Iting 
li)c, L im Of For;Igo b'. 

8-3-5 

ItSl)A-S;EA-AN, Ri chI iardI . oi; , II Agricultural 
Rlii,:,iil h 1': itc , (;'Org i , I.S.A. 

Cell walls of forages were studied for structural and chemical fac
tors that 1imit digestion by romeo microorganisms. Techniques used to 
investigate digestion were histochemistry, electron microscopy, and 
anaerobic culturing of tureen populations on specific substrates. 

Certain tissues such as the xylem cells totally resisted degrada
tion by rumeen microorqanisims; these tissues stained poaitive for lignin 

with acid phloroglucinol (Wei sner test). Other supportive tissues, 
such as the ,clrenchyma in blades, stained positive for lignin with 
chlorine-sulfite (and ailso the Maule test) and were also generally 
resis tant to microbial digestion. Microscopic studies revealed that 
certain 1iving tissues (i e., those having cytoplasm and orcanelles 
indicatiye of metabol ic activity) were only slowly or partially de
oroded in particular forage grasses, notably warm-season species. 

Coastal bermudagrass and Boone orchardgrass, low- and high-digesti
hility grasses, respectively, were compared for the mannc.r of attack 
by romen microorganisms on digestible cell walls using eIL .tron micro
scopy. Tissues comprising about 70 of the cross-sectional area and 
including the mesophyll , phloem, parenchyma bundle sheath, and inner 
cart of the epideris in orchardgrass leaf blades were degraded often 
wi thout the necessity of bacterial adherence, whereas only about 30" 
of the tissues, i e.., mesophyll and phloeii, in bermudagrass blades 
wore degraded in thi manner. Although the percentages of the various 
typef, of adhoring bacteria were similar with these forage species, 
ii oro total hacteria as sociated wi th orchardgrass cell walls. Anaerobic 
culturing on mledia containing xylan, pectin, or cellobiose of bacterial 
popjlatinns adapted to orchardgrass or benaudagrass fiber resulted in 
larger total Lacterial counts for orchardgrass-adapted populations; 
numbers of xylan-usinl bacteria were significantly (P<0.05) higher. 
Further, the henicellulolytic protozoan Fpidiium ecaudatum "ori 
caudatUii degraded the mesophyll , parenchyma sheath, and epidermlis of 
orcha'ed-grass, but did not attack tissues of bermudagrass. 

The data derived from electron microscopic and anaerobic cul turing 
stiudies indicited that, carbohydrates in bermudagrass fiber were less 
available to rumen microbial digestion than those in orchardgrass 
fi ber. listochemical studies with the chloriie-sulfite test indicated 
that certain living tis sues ( i .,., parenchyma bundle sheath) that were 
only slowly or partially degraJeu in bermudagrass were lignified which 
could explain the lack of avail;ibJUity of the carbohydrates within 
the cel wc.ls to rumen mi croorganinms. 

These data indicated that the carohydrates, especially the hemi
colluloses, in the diqestible cell walls vary in their inherent avail
ability to rmeen mic,'obial enzymes, Possibly, chlorine-sulfite lig
nin play,, a significant role in Iimiting the rate of digestion of 
livinq tissue types in particular forages. 

Ii,ihi ,ty, c, I walis, rumcnli1 icroorH,'misms. 
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8-4-1 Grazing Techniques for Evaluatilng Quality of 
Forage Cultivars in Small Pastures 

A. 	 G. atches, F. A. Martz, 1). A. Sleper and R. L. Belyea 
University of Missouri, U.S.A. 

Animal performance is the ultimate measure of forage quality.
Plant breeders have foe 'aboratory analyses of forage quality that 
are good predictors ot animal performance when grazing pasture.
Our objective was to determine the feasibility of grazing small 
pastures with cattle In order to detect possible forage quality
differences among cultivars of tall fescu.- (Festur: arundin.cea 
Schreb).
 

Cultivars of 'Kentucky 31', 'Kenmont', 'Fawn' and 'Missouri 
96' tall fescue and 'Kenhy' a i.c .ium-Festuca derivative were grown
in 0.4 ha pastures at the Univetity of Missouri Southwest Center.
Th s; cultivars represent a broad genetic base similar to that 
encountered in the evaluation of advanced strains in a grass
breeding program. The experimental design was a randomized com
plete block with t'iree replications.
 

Grazing perioov ranged from 35 
 to 68 days for separate eValla
tiotns made durin), spring, summer and autumn of 1974 through
1976. Between p,'azing periods, cattle grazed a reserve pasture of
the same cultivar. A' test pastures were grazed at the same 
grazing pressure. Equal grazing pressure was naintained by ad
justing the 	 area grazed using a forward and back electric fence or
with put-and-take anima ls. Cattle were moved to a fresh paddock
(strip) each week. Generally, pastures were grazed with three
heifers during the spring and fall periods and by tee' heifers 
during the summer. Forage availabiit't was determined from three 
M2 Iuad rats /pad dock c i ipped to ground level one day prior to
shifting cattle to a fresh paddock. Residue herbage remaining
after grazing was also dietermined. Pasti res were irrigated two of 
the t'iree years. 

.;Igniflcant differnces were obtained In heifer average daily
gains (AI);) among the five cultivars. Compared to 'Kentucky 31',
the control cuitivar, AI)'s of heifers ranged from 22 to 83% 
greater on Kenhy and Missouri 96. Differences in ADG occurred 
mainly in the spring and autumn. There were no measurable differ
ences In herbage Intake. 

Actual and e,,timated experimental errors for measuring AIG 
were very simil ar In all hut two periods of grazing. This shows 
that the rror estirn te method of Petersen and Lucas is a useful
tool fir use In designtng grazing trials to evoluate forage culti
vars in smrall pastures.
 

OWr results exhibit the 
 Importance o! aninal evaluatior' of new 
forage caltivars and the hazard of depending only on laboratory

aralyses as the bares of assessing forage quality. Since 
 anirmal
 
gaIn Is a furction of the 
 amount of herbage consumed and its
 
quality, we contend 
 that eqtul grazing pressure must be imposed on
all pastires to insure measurement 
 of only forage quality differ
ences.
 

Key words; tall fescue , Fe trcs arundinacea Schreb. , cattle gain, 
experimental errors. 
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8-4-2 Screening Perennial Forages Using the
 
Mob-Grazing Tochnique
 

Paul Mislevy, G. 0. Mott and F. G. Martin
 
University of Florida, U.S.A.
 

Many potential forages can be obtained in a short time through plant 
introductions and active breeding programs. Initially, these large 

numbers can be reduced through , III plot studies, but tile number 

of remaining entries may stil, oe too large to evaluate in expensive 
grazing trials. Mob-grazing is a technique which allows the study of 

forage response to severe defoliation by e,razing animals using a 

limited land area. Basic and applied forage management ata may be 

obtained on many entries simultaneously. The mob-grazing technilue 
was used to evaluate 16 subtropical grass entries (two D tpic'rl.'tavspp. 

one . Saq'asp. ,od 13 C~oy&Wu spp .) in a split plot design, with 

four reOlIcations. ;razing frequencies of 2, 3, 4, 5 and 7 weeks were 

main p], - with grass entries as subplots. Each grass otcupied an 
2 arva of 8 Grasses were sampled to determine total ; :eld and 

forage quality f[u!) 't(> organic matter digestion (IVOMI)) and crude 

protein (Cl)]I prior to grazing. Weed infestation was determined 

semiannually. Twenty five yearling crossbred cattle were used to 

rapidly consume (mob-graze) the forage leaving a stubble height of 

ap)proximatelv 7.5 cm within 2 days. All grass entries were .caged to 

a 7.5 cm stubble with a rotary moier following the removal of cattle. 

Averag e dry matt r (1)O) yiel I generally followed a quartic trend 

over grazing, frequent ies and iipreased as grazing frequency decreased 

from 2 to 7 weeks. A lowil, 'nese grasses a 4-week grazing frequency 

resu ted in 1IW Vield cG teases for most eotries. Decieasing the 

g'razini frequency from 4 to i weeks resulted in a D1i yield increase 

of 50 to 75," for moat entries. Crazing at 4 and 5 week intervals 

resul ted in the hi hiest (42>) and lowest (227) weed cootaminat ion, 

leSpetCLiVlV, when coITIpared with the otiher grazing intervals after 

3 years. Decreasing, t. g razin frequenc', from 2 to 7 weeks resulted 

in ;a 6 and 10 purcenta(,e unit decrease in CP and IVOMI), respectively. 

A sign ificant (P,'O).)5) grass entry by grazir, frequenry interaction 

was a)lso evident for (1l and IVOI). 'Sarasota' stargrass (C. !(7,-luon 

var. F) an:.' bermudagr'i;s k('. ,::§ /,'nz var.aod Alicia' 

both averaged I0 to 1 pe'centage units lower in P.',SMD .ban 'Pluerto 

Rico' star)yrass (C. 7 ''' 59W I' Vanderyst var. u hr-;,'uac) and the 

digit grasses (. ,spp.). The 5-w -ek grazing frequency resulted 

in high yields of quality forage with little weed contamination. 

These data sujgest that several foragi entries can be screened using 

i.razin, cattl I on a limited I;od area. Furthermore, the effects of 

illn,:gemeilt practices oil various forage indices (yield, quality, weeds, 

etc.) can be measured under conditions of severe defoliation by 

grazlng animals. 

Key words: mob-grazing, forages, screening, QCeooons, [itlitorias 
Pa,'apal 7;, technique. 
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8-4-3 Effects of Stocking Rate and Climate on
 
Regeneration of Perennial Grasses in Natural Pastures
 

in Semiarid Southeastern Australia
 

D.L. Michalk and G.E. Robards 
Agricultural Research Station, TRANCIE, N.S.W., Australia
 

In principle, the maintenance of a particular species assem
blage in a community depends on longevity of plants, opportunities
 
during that life-span to produce viable seed, viability of seed in
 
the soil, and opportunities for seed to germinate and establish. 
In some cases, however, regeneration may not occur even under favor
able environmental canditions because the counrunity is "closed" with 
no effective niches available for germinatirg seeds to occupy. An 
understanding of the process which determines or controls regenera
tion in plant populations is therefore an essential prerequisite to 
the formation of long-term management policies. 

A significant result of a seven yecr grizing study conducted in 
central western New .... ch Wales, Australia, was the relative stability 
in terms of total density of windmill grass (Enteropogon acicularis), 
which acted 	 independently of grazing intensity. Further, even though 
several new 	 cohorts were produced, density remained constant, a re
sult which implies that when a [nature windmill grass (lied, it was 
replaced by 	 a member of the same species. 

A major concern of this observation is that it may reflect only 
a temporary 	 "stability," resulting from a series of favorable seasons 
in a continuing long-term process of pasture degeneration caused by 
grazing, intensity. If there were a sudden decline in E. acicularis 
Jensity would this open the way for an irreversible invasion by more 
competitive, but less stable species into vacated perennial niches, 
or would the observed replacement fidelity continue unchanged? 

Our experiment was designed to test the hypothesis that the 
regeneration of windmill crass following the removal of mature plants 
was indepeneent of gra:.ing intensity. After initially removing plants 
by grazing at -hn,t 25 sheep/ha, subsequent regeneration and continued 
development of windmill grass seedlings were monitored in permanent 
qtandrants under grazing intensities of 25, 37 and 49 sheep/ha. Pas
ture composition was determined by step point sampling throughout the 
study. 

The resuIts showed that pasture composition and windmill grass 
density were more sensitive to climatic influences than to grazing 
intensity. However, it was noted that the secondary grasses, Chloris 
truncata and Stipa variabi!is increased their densities significantly. 
This indicates; that previously esteblished windmill grass plants con
trolled pasture change by creating a "closed" comnunity for perennial 
species.
 

Key words: 	 stocking rate, graiing intensity, regeneration, Enteropogon
 
acicularis.
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8-4-4 The Practical Applicability of Variable Stocking 
(Put-and-take) in Grazing Trials 

David 1. Bransby
 
University of Natal, Republic of South Africa
 

Variable stocking, as opposed to fixed stocking, aims at 
minimising the effect of non-treatment variables and maintaining 
the potential of the animal above that of the pasture in grazing 
trials. There is little information available, however, on how 
the method should be applied in practice, and to what extent it 
achieves its objectives. The aim of this paper is to examine 
availability per unit area (measured with the pasture dis, 
meter) as a criterion for adjusting, animal numbers in variable 
stocking trials, and 'n this basis, to assess the practical 
applicability of variable stocking,and to what extent it 
achievs its ohictives relative to fixed stocking. 

In one trial linear regressions were established between 
availability and animal weig:ht gain for two pasture grasses. 
Fixed and variable stocking were then applied to the two 
species in a second trial to establish to what extent 
variation in availability could be controlled by variable 
stocking.
 

Correlation coefficients of regressions between average 
daily gain and availability were significant (P = 0,001). 
Weight gain was sensitive to availability which was easily 
measured with the pasture disk meter. Hence the use oi 
availability as a basis for adjusting animal numbers in 

ariabLe stocking trials was justified. Variable stocking 
appeared to be unsuccessful in controlling variation in
 
availabilLty with time, relative to fixed stocking,, but
 
seemed to reduce the variation betweei, treatments and
 
replications. Since fixed stocking requires less attention, 
from a practical point of view, it: is doubtful in many 
situations whether variable stocking should be applied in 
preference to fixed stocking, unless differences are likely 
to be large. 

Key woeus: variable stocking, fixed stocking, disk meter, 
pasture availability.
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8-4-5- A Mathemratica I y and Ct,. ;e pLoa IIy Un if i ,d Approach 
to ;r, , ing Management ermino l ogy 

Davidf L. Scarnecchl : i N M K.l lhumi 
'lx;i!; l 1 I nivo 'sitv, 11.;.A. 

Expressions such as tockinor dersisy, !tock n rate, grazing 
pressure, herage al Iowaice, lrazinrj ilt/ensit y toriing intensi t 
and stockinq presure Ae Inol hen used to desri be animal pa', tre 
5ystems. I" eneral, these expression; describe elationships among 
tht aic variables of arinial s, forage quont.ity, pasture area and 
(qrazing duration. Oun- obective .as to develop a conceptually
dynamic, maItheiticaii frafrreoirk of ox pressionls sumiarizi in all of 
the meanin fill relationships anonq these variables. Eemrntary 
differential aind iitif(ral CaIcuIlis Were Used to devel op this 
dynamic 'nd unified framiework. 

The rtsuOtnq oxpressions are direns ionally valid, and are 
caabie of accuratAlv desciiinu dyrairic anial-pisture systers.
HuleNfillQ, ths work will result in ncreased stand-lizakion 
in the use of these technical expressions, ard in the elimination 
of otUer limeos ia 1ly inval id expressions found in the literature. 

Key words: 	 grazing tenirinol ogy, animal-unit, aninal -unit-equiva lent 
stocking rate, grazing pres!ure, grazing modeling. 
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of Sward Structure upon IlerbageInfluence8-5-1 
of Cattle Grazing a Perennial Ryegrass Sward

Intake 

.l. Wade and Y.L.P. Le Du 

'fhe Grassland Research Institute, U.K. 

A trial was undertaken to examine the possibility that the 

a sward will ir~luencestructural distribution of herbage within 

intake. 
two
Two swards of contrasting structure were established at 


by either infrequent mowing (C) or hard
 periods in the grazing season 


sheep grazing (G) of a perennial ryegrass (Lolium perenne) pasture.
 

The plots were then allowed to grow undisturbed for about 5 weeks before
 

being grazed by young cattle for periods of a fortnight at two levels
 
-1 - 1
 

60 g D kg LW d , in July (Period 1)

of herbage allowance, 30 and 


and September (Perind 2). 
 Detailed measurements of sward structure
 

The herbage intake
 were made by stratified cutting of the pasture. 


of the cattle was measured both by the chromic oxide dilution technique
 

and by cutting quadrats from the pasture before and after 
each day's
 

grazing.
 
and


Quantitative and qualitative descriptions of the whole sward 


of the six strata within it are presented. Two contrasting pairs of
 

only 30% of the total herbage mass was above
awards were evident: 

1G and 2C, whilst 50 and 60% were above this height for


5 cm in swards 

Both previous pasture management and herbage allowance
 

affected intake. The cutting technique gave a 16% lower estimate of
 
IC and 2G. 


chromic oxide technique, Animals grazing sward
 

C but these differences were
 
intake than did the 


G consumed 10T less grass than those on 


far greater at 
tilelow than the high allowance (16 v 5%). The intakes
 

21% less than those at the high.
at the low allowance were 


Differences between herbage intakes on swards G and C occurred
 

mainly in the low allowance groups. Bulk density did not have a
 

strong influence upon Intake rnd it was 
concluded that the prerence of
 

in

sheep excreta had the predominant effect. It is 	suggested that 


range of pasture
future studies a multivariate approach in which a 


satisfactory than a factorial
characteristics is studied would be more 


design.
 

Cattle, grazing, ryegrass, intake, sward structure.
Key worr.6 : 
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8-5-2 Formation of Volatile N-nitrosamlnes in Silages
 

W. Seyfortli, E. Wojahn, and 0. Knabe
 
Institut fur Futterproduktion, CIR
 

During the past 15 years several statements have caused a

sensation concerning the carcinogenicity of N-nitroso com
pounds. Especially the N-nitrosamines 
have been in the centre 
of interest. 

Both exu-.enous sources (direct intake of nitrosamines 

feedstuffs, pharmaceuticals, air, and 

with
 
soil) and endogenous ones

(in vivo forrition of nitrosamines from the precursors nitrate,
nitrite, and nitiosabIr amino moieties, especially in the diges
tive tract) seen. Lo be responsible for nitrosamine contamination 
of animals. 

Amino moieties suitable on principle for nitrosation into nitros
amines include secondary and tertiary amines as well a, qua

ternary ammonium compounds. In that context, special import
ance is attached to the secondary amines since their represent.. 
atives are ubiquitous. 

The rate of nitrosation is essentially dependent upon the con
centration of the starting material and the pH of the reaction
 
medium. Nitrosation proceeds th, 
 easier the less the amines 
are alkaline, with basicity beino increased by alkyl groups and 
rrduced by phenyl groups. 

The carcinogenicity of N-nitrosamines decreases with increas
ing alkyl 
chain length and decreasing htusicity; no carcinogenic
effect is found, however, in nitrcs.;imines having no free hydro
gen in r%-position to nitrogen.
 

The above condition-s are found first of all in the case of mat
fermentation of silages. In 10J78, TERPLAN et al. detected nitro

amines a.o. in five of ten silages from beet tops, maize, and
 
grass. '9tatements from P'oland (JUSZKIEWICZ and KOWALSKI,

1972, 1974, 1978) have shown that 
 nitrosamines orally admin
istered to ruminants and hens can 
 be detected in milk aLd 
eggs for up to 36 hours (milk) and, according to the applied
(loses, up to 14 days (eggs), respectively. 
lrelminary investiQationF made by the authors have shown 
that rnalfermfnted silaqos containinq butyric acid included vola
tilh nitrosamine-s (dimethyl- and diethyl nitrosamines) in sub
stantial quantities. After feeding these silages to dairy cows,
the carcinogenic substances were det-cted in the milk. Analyt
ical methods used include gas chromatography/thermal-energy 
analyzer, mass spectrometry, and microbiological/biological 
tests. 

Key words: nitrosamines, silage, milk. 
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Amino Acid Supply of Lactating Ewes Fed 
8-5-3 Duodenal 

(Cynodon dactylon)Coast Cross Iermuda rass Forage 

G. Coto, C. M. Geerken aind R. Ruiz 
Instituto de Ci#:ncia Animal, l.a Ilabana, Cuba 

45Of kg live weight., cil:.itatc iin tle
Four lactatiug cow; of 

ra . forage were used 
rumen and duodenum anld fcd Coast-C ra',; bermuda 

a tih 
" t 

l' h )pply Of Aiiiio acid:; to tih' luodenum. rhoi 
i0 orde,r to llit-l 

3.3 and 61.6 itor!; .1 	 milk per day.
animals were prodticing" between 

masurdI by cont inuo; in fs iou ;f the soluble marker 
Duodena I flow was.; 

frac ion flow wans determined by chromic oxide in 
Cr-ITA. The solid 

tiodell (lilt wtore t-aken at 	 regular
on'0 Of the allial; S: Ipt( froIm the 

lt rminat-ion and Cr. DM intake was 2.4 to 
ltervl l; for amWiJA acid 

of hig,,her concelntration in the 
3.0.: of live weight. 	 'lb, anllino acids 

aspartic (8-11), glulnamic (8-12) and Loucine 
forage" (g/kg .) wor, 


with lowc conceintration 
 .,re Ii;Ltidin, (1-3), 	 tyro
()-M) and thos' 

OM apparent
51, (2-3), m,,thioniii (2-3) and cystim (1-3) . DM and 

at the lvl of duodenuma wore 5.1 and 57.', respectively.
dig,,Hbi lit it; 

i s. itd in , lysim' ;1e cthi flowinga oninet t[lie i10t tL arg lii ne, 

dly wce 2 to 4 times h igher than the tabulate-d 
throm,,h thti; organ per 

.ble amin o acidS . It is considered that the 
rq,,r.itI'l of etabol i 

from forage diets to the (Itiodentitm with moderate 
al0ni( it ((I c;upplied 


arle aldethi to to sl:stlin milk product ion 
 levels of 
Conteit; 01 protto 


the order of I) to 20 liter;/day.
 

cows, Cynodon dactyon.
K'y word : amino acidsi, duodenum, lactating 
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8-5-4 Relationship between Fecal Components and Green
 
Forage [Digestibility and Copsumpt['mn in Beef Cattle
 

J. 	 W. lhlloway, W. T. Botts, Jr., and IR. E. Estell 
iniversity of 'renemm'Ssee , U1.S.A. 

A I ind tation of nutr it tonal research wit It grazing ruminan ts 
under extensive pasture con,di C ions is ta t no re I Iable and simpl e 
technique for mea;ur tng forage inges tion or digestibili ty of forage 
ingested 	 by nnd isturbed animalIs Ls available. The purpose of this 
resear:h 	wa,; to relate an array of selected fecal components to green 
forage intake anid digestibility and thus to determine the feasibility 
of ultimately duvelopimig fecal indices of broad application. Data 
from two 	 total co I iec Cton in v vo intake aldl digest ion trials total
in; 55 deturminat ions were analyzed. For the trial conducted in 1978, 
38 determinations with eight steers averaging, 218S kg were made on 
fescue (I'. arLtdndiIacea Scbrelb.) and fescue-Iegume (legumes were Tri
folitim incarnat-, T[foliim pratense L. and Lespedeza stipulacea 
M;iximi.) mixurus during ,raz[rig season. For the trial conducted in 
i q/r , 7 	 determinations with eitght steers averaging 303 kg were made 
oiln ixtiures 	 of laeCtvl is glomurmita I.., Phleum pratense L., T. tncarna
toni and T pralerse dlriii sringi andi smimer. These methods provided 
iii r'ray o f 	 forage ,la 1 [ties. Composite fecali samples were analyzed 
for dry (IN), lroxi1mIAt mealy Soest fibur analysIs,maCter ViS;, Van 

ri,T, MlI, (mt, K, le, Nmm, ]P, C;I, density and amid detergent fiber
iI r(JgCn (CI)rN) . em wtrr . ;Iso dry- after throughmieVed gr[nding 

a 1 [1n mm:rt'en am modulus o f finene.ss calcu!ated. Noi-M)FN (NA ),N), 
cel timlmrsu (cel I) ann hiemi cOl lrar' (he i ) were inI so calculated. 
Tr i;ml , im ima I aid semasonal effects on DM) intake, (DMI), TIMd- 2sti-
Ii litV (1),)), fecal )8 output (FIlM:)) and digestthle DM intake (DI)MI) 
were account'ed fir by developed indi.cs. Simple prodchet-m mmient cor
r'eI[Lt t~lL 	 C0ol1ff['llt!; [rd 'ted thamt tieIm'a I comriponents related 
(P.'.05) to I)1I Were nitrogen (N), ether oxtrmicC (EE), nitrogen free 
ext5ract (N8"), Zn, ash, 

M 
g,, 'u, modulus of finenu:;s at .5 mm screen 

(1' .5>M), Ca, anmd NAI)F'; thos;e related to I)D were N, EF, acid deter
etILtfiber (AI)F), cell Wml corstituets (CX), cell, NFE, Na, Zn, Mg, 

Cu, , AI),'N, M11FMM NADIFN. best (ligre;t R") regresand h'lIe 	 multiple 
Sion equ t:Cions frrrprediction of I)Mi, F1)>M, 1)MI)and i)>MI had I2 (and 

rusidIIaml zItaid r deviat i1ns (ItS )) of .74 ( . 64 kg/day), .65 (.22 kg! 
day) , . 75 (1. 51Z) and . 76 (.57 kg/dmy) . These were the best 10 Vari
.iblIe mmodeI:; of which only r, 8, 6 amrd 8 varia'bles were related ('< 
.05) to 1811, FDMO, IN) rnl i)l) I re;mm'tiClyI. Whe nturactilons were 
inc luided for imlmrtmnt (1', .05) mmain rffe'ts , ;musmable model for pre
(irtinc ,, DI)NI was: D)1)>17 8.60 + 0.03(MWC) -0.17(IOG);N) -0.63(ash) 
-"'. -)x>Nil) -0. 18 ( /C :: l()f;,;) -0.O0) ( C x alh) +O1.07 (CWC x >Mi)+0. 94 
(IM);N x ash) +4-h.48(I(;.N :.: >1mm)(R,'= . 78, R1SD1=.Wr) . The equation: )DM 

:
-1.( ;0 1) 1.40 (.,;) hm 1m P ) W .50 and rm RS) of .75 k/./day. Fecal 
m ldic ; ivIrm' h il I1vnmmmi to livi,! )roadm sholir' y workers not appltea

t iii lmcaim-m th rtlatioiship between f'em:il N ald forage intake or 
dl .tmC v mLms O , and esi miI it Ch11mimie e', 	 spectm ;tmmimIim;Oll N in Iforag.e 
em mii .. l mi, t he ,m liti im of FE, CWE, DM Mid clertai in inerals to 
model conlliilli[n m: I overcmem these probLelms. Therefore, the 
devlrpm:met o umiable emcal indim n' of fairly broadi application ap
pears oissilI i. 

Key wordmIs: 	 I,'cmal imnX, diget, ili ity, intake, pasture nutrition, 
b'f cattle. 
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8-5-5 Scientific and Practical Aspects of Utilization 
and Evaluation of Protein QualiLy in Fodder 

V. V. Shcleglov
 
Al1-Union Will iams Fodder Research Institute, IISSR
 

This report sumlmarizes 10-15 years of research aii fodder quality. 
The most promis;ing directions of invest igat ion int,, this field have 

been determined and a critical analysis of the ,xi: ! ing systems of 

fodder evaluation will be presented. 

Three main a;spee ts of utilization and eva lum ;,,ui of fodder 
protein quality are considered. 

1. Change in the fodder protein quali ty in connection with 

agronomics pract ices of crop cultivation and various technologies of 

their conservation. It has been shown that fodd,'r protein quality 

depends on botanical conpos it ion of pasture grass-s, levels of init

oral and nitrogen fortilization, frequency of CULtt ing , etc. Thu 

influences of different levels of grass wilting, regimes of artifi

cial drying, pellet ing, wafering, ensiling, chemical preservation, 

and haylage-making on the extent of protein dauago! have been deter

mined . It has been es tal Iishued that changes in protein quality 

depend on tle condit ions ant( duration of fodder ;tora,,e. 

Using surg ically nod ifiled an imals , the process of transforming 

protein from fodder prepared by different technologie.; has been 

Stii(Idied . 'The efficiency of fodder protint ut ilization depends oni 
tire piysical struc ture and methrolIs of processing of the fodder. 

Fxperimental data obtained s;liow sipnificant difference itt effec

tiveness of 	 protein lit i I izat ion for mi lk product oit among various 

types ',ffodder prepat,'ud from the sm:li:mterial. 

2. Chmical and biolog;ical methol' of evaluating fodder pro

tein qual ity for ruminaiits- 'roteii quality of various types of 

fodder was evaluated by inidice.s (,f amim acid .malysis, protein 

solubility, and nitric ni troi;,n content. Proteiin quality constants 

for 	pasture grass ;ad preserved fodder were t'stirlated, 

Biological evahlrations included investigpations with laboratory 

animals (Cavi. porcella),sI'; and cattl'. 'l1w present state of bio

logical methods of evaluating proteint qal i ty of fodder has been 

analyzed and promising direct ionis Of fiutul'livt nvestigat iOn;' in this 

field have been de termizd. 

, 

3. Comlpar- yea evaluation of various iethods of fodder digest

ibility. A number of in vi-tro met:iod of determinin p fodder 

digestibility have be.t colmipare.d with the ;tandard 'liley and Terry 
method and possible ways for thiir ilprovomit anod wide use in 

practice or' out lined. 

Key words: 	 protein quality, process in lethods, storage, in vitro 
digestibility, biological value, forage. 
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8-6-1 Forage Analys is with Near-tifrared Reflectance
Spectroscopy: St;,tus and Out ilv of Nat ionala Research Project 

W.C. Templeton, Jr., I.S. Sihenk, K.11. Norris, (.W. Fissel,
(.C. "Larten, J.11. i;in, J andJr., 11.0. Westerhaus 

U.S. Regional Pasturi, Research Laboratory 
Ob- :ctives of this paper are to thereview status of nearinfrared-reflectance spectroscopy (NIRS) in forage-qualilty

evaluation and indicate the approach beingto used in a nationalresearch effort to further test, val idate, and develop thetechnology for use in forage breeding, production, and utilizationprograms. Use of NRS 	 assay of forage
five 	

quality was first reportedyears ago. Research has now been initiated at a large number 
of locations,.
 

A 
 national research project, involving personnel

dispersed locations 


at six widely
inl the U.S., was estniblished in 1978.(olli)ut-er ized higli-prec itbAon, near-infrared reflectance spectropbotonmsters are 
employed. A set of 30 	 forage ,,amples providedexperimlntal materials to ascertain imgnitudes of errors involvedin chemical, ii vitro digestililiLy, and NIRS analyses at the six
 

labora tori us.
 
The ;ix instruments 
 showed different average spectral curves,hot no naI Z ofln tion tie data resulted in curves essentially alikeexcept for the hands af fected by water, an effect caused bydifferences i llmoisture 	 coiltent of the sampieCs at the differentsites. Our 	 . tud iusi indicate that the ma;oitude of the errorsassoci at ,, with NIRS 	 analysis (ompare favorably with those found in
routine chemical and in vitro 
procedures.
Examples of research findings involving dif frent plant species,harvests, growth envirouemit:a, and drying procedures are presented.The results show that for max.imusi accuracy the calibration samplesshould oe representative of the forages for which quality will be 

predicted by NIRS. 

Key words: 	 forage quality, chemical analysis, crude protein,
neutral detergent fiber, acid detergent fiber, aciddetergent lignin, in vitro dry matter disapearance. 
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8-6-2 Pre(Iict ion of Forage Qua Ii ty wi th1 N IR 
Ref I ect ions Spec t roscopy 

F. E-. Barton 1i ald 1). Bird i ck
 

US)A-S E.A-AI( , F ield Crops Ro.search IUnit, Georgia , U.S .A.
 

Near-infrared (N1R) reflectance spectroscopy can he tised to 

and their chemical composition.predict the quality of forages 

Studies were conducted on warm-season grasses with a filter type 

to evaluate the NIR technique and the
NIR reflectance spectrometer, 

hay and drum-dehydratedtilting filter spectrometer. Freeze-dried, 

used. A monochrometer
samples of bermudagrass and bahiagrass were 

to narrow the possiiliti1sNI reflectance spectrometer was used 

to he invest gated. The following compositional and 
of wavelengths 
quality parameters were determined: crude fiber (CF), fat, acid 

crude pioteindotergent fiber (NDF), 

(CIP), true protein, i.e., trichloro-acetic acid precipitated Pro
(AlL)
 

dotergent fiber (ADF), 	 neutral 

to in (TIp), permanganate Iignin (PMI.) , acid insolub Ie I ign in 


in vitro ,drv matter di sappearanco (IVDD) 
, and in vivo divest i

hilit: ;DDM). 
For freeze-dried bormudavrass samples, the standard errors of 

to normal laboratorycalibration and prediction were fairlv close 
T' 0.79 and 0.83; ADF 1.78 and 1.07; NDFresults (CP 1.01 and 0.58; 

IVI)MD 3.37 and 1.90, respec2.78 and 2.77; P'.11,0.54 and 0.66; and 


tivelv with 28 sAsples in the calibration sot and 11 in tihe pre

(fiction set). The results of bormudag rass hays (20 for calibra

tion, 22 for prediction) were similar with standard errors of cali

bration and prediction of C11 1.15 and 0.84; ADF 2.46 and 1 42; NDF
 

ald DDM 1.78 and 2.54, respec

d samples were exami ned, wavelengths 
2.06 and 1 .39; All. n.50 and 0.51; 

tivelv. Mhen drrm-dehivdrat 
satisfacchosen for the froze-.dried and hay samples did not give 


tory standard errors of prediction. New wavelengths were chosen
 

and the standard errors of calibration and prediction 
were CP 0.87 

0.73 and 0.37, respectively,and 0.89; CF 0.94 and 1.54; and fat 

wi'h 20 samples in calibration sot and 26 in the Prediction set. 

All of these analy;es were mate using a second derivative mathemat-

The use of a dolta OD at one wavelength divided byical treatment .
 
,onth (.AOD1/A 0) ) mathematical treat 

dolta OD at imother wavel 2 

of cal ihrat ion and pred i ct inn of
moit improved the ; andard errors 

0. 51 and 0.61 , respecC'p for drim.-Ifml' rat 'I 	bermudaras s ( C' 

with halli arass shows simi Iar errors of
tively). Curroit work 


calibration and predi,ction. 
 A net, wonochrometer instrument wich 

is being used to improveis part of the National Forage NIR network 

scope of this method of forage eval nthe technique and expand the 


at ion.
 

MIR, for: .e

Kev words: near-infrared reflectance spectroscoyn, 


quality analysis, forage compositional analysis. 
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8-6-3 Relationships betweern tilt, Sor Ith'rp.oprt i,, rn
U. S. Folrli.; Mid Ani<i l pors 

J , F. :' iert., "lnd .1 ( . ll l s
 
Universi ty of Flu- iii IF A 
 NA-All CIrol innNorth 

St 'l Uiivt'rr;iLv, S . 

Objectives of Southern Regional Project S-45 were to examine (1quality-related characteristics of forages in the southeastern U.S.and (2) inter-laboratory variations in 'vivo- andin 	 chemical data.
flays 	 were produced and fed to cattle and/or sheep in eight states,
and analyses were conducted in 11 laboratories. There were 66
representing 10 cul tivars , four tylpes (alfalfa, 	

hays 
temperate perennialgrasses, tropical annual grasses and tropical perennial grasses),three stages of maturity, and, in some cases, two locations. Six ofthe hays were exchanged amon( three states for in vivo comparisons.Average daily gain (ADG) was measured on 42-hays,-and theyranged from 	 -. 27 to .89 kg. 	 Voluntary intake was measured on 53 hays,and dry Inatter (DM) intake ranged from 55 to 116 g/kg metabolicweight (W.D5 ). bigestion trials were conducted on 62 hays, and DMdigestibility ranged from to There were4.1 71 . main effect differences (P:.O0) due to atorities and cultivars in AUG; intake of DM1and d iges tible DH, and diges tibi Ii ties of DM, neutral -detergent fiber(N)F) and acid-detergent fiber (ADF). Across all hays, ADF intakewas the lefast variable intake leasurement; only cuitivars differed(P .05). In the exchange study, there were differences (P--.01) amongstates iii ADt, DMintake and NIF digestibility.

Intake of )Mwas correlated with DM1digestibility (r = .69,P,.05). Digestible DIl,intake was correlated (r = 	-. 83) with undigestible N01 (as of 011, based on in vivo digestibility). Digestibility of )M1was correlated with digestibility of HOF (r = .73) and

of AL (r = .77).


[here were main effect differences (P .0 ) due to maturities,
cul tivars and laboratories in chemical composition and in vi trodigestio;i, and in vitro digestion showed hay by laboratory interactions (P.01) -Us1rig across-laboratory means, IIDF was corrtlatedwith 	ADG (r = -. 59), 1 intake (r z -. 41) and DM1digestibility
(r = -. 61). However, ADF was more highly correlated than DF withDMintake (r = -. 65) and DMldigestibility (r = -. 71). Correlations(r) between 	 in vi v and in vitro digestion rantged from .68 to .93
a;iong 	 laborator ies. 

Improvement of animal performance on soothern forages will de
pend upon overcoming limitations of cell-wall utilization. Broadapplication 	of prediction models will 	 require more attention to
inter-laboratory variations. 

This report is on behalf of all members of the R& ional ProjectTechnical Coiittee. The comittee thanks A.C. Linnerud and
R.J. 	 M'lonroe for, statistical analyses. 

Key words: 	 hay, quality, gain, intake, digestibility, composition,
i-nvitro, correlations. 
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8-6-4 ProposCd IIly (;raditnj Standa;rds WISOI 
1 i tyon Llborl ory Al I ysos for Ev:al tint ng Qul 

lld Robort F. Baos
Itwayne A. Rohwodor, Noal Jorgnll, 


of Ui scoiis in anl AWS-I;IDIA
Univrsi ty 

the Forage Analysis Subcommittee of
The progress report of 


the Hay Marketing Task Force organized by the American Forage and
 

47:1978) proposed new hav
Grassland Council (J. Anim. Sci. 

dnd


standards that will more adequately express feed value 


fully to all concerned. The
communicate this value more 

for expanding the standards to
 subcommittee studied the potential 


individual legume and

include legume-grass mixtures; however; 


grass equations gave more consistent predictions of quality.
 

intake by cattle and sheep were
Digestibility and dry matter 

the same forages. Digestibility was nearly
compared when fed 


identical for bLh livestock species; however, cattle were
 

some,.'it more efficient in utilizing low quality legume and
 

legume-grass forage; thin were sheep but not with grasses.
 
are proposed.
Regressions combining l.gtmes and grasses 


fiber, ntotrnl 1htorgntt fiber, forage
Ky words: ocid letir,'t 

grlh.,, reolntive feed value.quality, markot bay 
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9-1-1 The Potential ol Forage Legumes
 
and Their Role in Scotland
 

J. Frame, 1I.D. flarkness and A.G. Boyd
 
The West -f Scotland Agricultural College, Scotland
 

Intensive forag, production requires fertiliz:r nitrogen (N), 
whose manufacture depends upon fos!:il fuel energy. Increasing energy 
costs and possible scarcity raise doubts about the future. The known 
ability of ]egumn.s to fix atmospheric N, together with better 
varieties and new conservation techniques, has stimulated renewed 
research into forage legume production. A further stimulus is the 
high value of leguninous forage for animal production. 

Various aspects of the agronomy of forage legumes have been
 
studied ii, recent: years at The West of Scotland Agricul tural College.
 
As part of thi s programme an ex po,-imsent was established in 1978 to
 

-1>aiine the effect of applied N lovel (0, 120, 2-10 and 360 kg ha
 
anuIMm 

- 1
) and closeness of cutting (4 
 and 8 cm from ground level) on
 

four white clover varietie.:; of differing morphology. A simulated
 
gra:sing regime with six defoliations was employed. In addition two
 
experitmants 
 involving white clover, diploid and tetraploid red clovers 
and lucerne w,,r established in 1979. in one, the effect on production
of fi, cut]ianion grasses of diff,_ring competitive ability (timothy, 
meadow fc;cue,., sweet brome and di laid and tetraploid perennial rye
gra osos);o ;SnSsed . In th , othor, thte same four ]egumes we;'e sown 
alone and illdifferent cotbitiattions. 'he cutting r gime in both these 
exporimeot:] wais cotea vationinmt t i wit:' three harvests ove: the
 
seasont. No fort I I i'r 11 w. applied.
 

In thewilile~~~~~~~~ i ;o,~1)<:)~ilIMt.; .;:1
t .-.,!Ir
,,ri,2d t o 
increasiq ovel of iIl - 1 1 1 ;ed N, from 7.62 t ha annum at nil N tc 

- !
12...(. t ha at (O'kg ha,- 1 N. C(lov,'r contribution drclined as
 
fertilizor N I .vol mncira:;ed. Co ;,,dtfol otion inc-eased hoth total
 
hiorbaqe tind c(:ILvr herbigo DM itlds. 'I'Th larger-lraved varieties
 
(Olwen and L,ir'!) gaw 5ot I)Mhutt -oeabsence of variety x aipplied N
 
intorIctioll! 1lqosttd that varietis did not differ in tolerance to
 
appl ied N.
 

When:t ho' difft
 r,,ilt1 gunies were qrown jit-. various companion 
-
grass;es, rod ctlover at 15.99 t ha ' DM harl a clear yield superiority 

-l
o-t.r tuceriie (19.39 I ha and white ci aver (9.55 t-ha-l). Annual DM
 
yield -if ferIn' tatwsoon legume/grases vixtures were small (mean,


-
13_. i, t:Ila ) hut a lll wore uperior to clover alone (12.10 t ha-') 
[ed clo'.r in it 1 gus: "ixture tenCite' to dominate o.her legumes 

atilat;'))] DOaDM't rem 14.4(, to 12.16 t ha 
- 1
 

. [ed clover sown 
lone also oice'rinldod eltIitt aid white clovir. Inclusion of white 

clover dkprossed 1)%lprodl;ction but increased t)rganic mlttter digesti
hili t' whore it mlko!!p a sustant i-vt cortent of th,: sward. 

ContJiuti r(,etrch in Scot land to increaso the, officiency of use 
of whit" clovtr t11d rotucc its productioi. variability is required. 
Further ass,:ssmntptt of he pototiitl of red clovter is atlso necessary,
 
it only liI: iit(I work ottI Dictt'irtt, tirdsfoot trefoil and forage peas
 
is,justifid. Tho futnur,, role of 
 forage legumes is;to substituite !or 
or comnplemert mannftcturod nitroq'on5 fertilizer and provide high 

'hir a 
well they cln be integrated into farming systems. 

quaIlity fotog. l .toation will also be dependent on how 

Key word:;: forage legume., herbage production, quality, future role. 
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roduction and aintenance9-1-2 Legume Ir, 
in iill Pastures 

N. H. Ilr\ an 

West Virginia trivrsity, U.S.A 

low and of 	poorForage production from hill pastures is often 
can

quality. Increas'ng 	 the legume component of such pastures 

because of increased atmospheric nitrogen
lead to improvements 

better quality fceed.
(N) fix:'"on and because 1egumec are usually 

In this experiment three methods of seedilog three legumes into 

pasture were examined. h'lese were broadcasting the seed 
a hil l 

sod seeding with a
by hand, sod seeding with a Zip seeder and 

legumes used were red cloiJcr (Trifolium
power-till 	 seeder. 1he 

white clover (T. repens) and birdsfoot trefoil (Lotus
pratense), 

'lhe effects of paraquat (1, I'dimethyl-4,4' bipyridium
corniculatus) . 

(P) and 1line) on legumeamendment (phosphorusdichIor iI) 	 and soil 
treatmentswere also examined. Two nonseeded con-rol 

and nothing. 
establishmcnt 
Were included, N (112 k;/ha /year) 

area uas a Ken'ucky bluegrass (Poa pratei~sis)/'Tie experimental 
up to 15' slo'; initial soil pl{ was

Arostis sppl. pasture with 
wa: lesigned as a rand-mized 

with split plots, three blocks and two replications 
4.8 and soil 1' was low. The exa)erimenL 

complete block 
1.8 x 3.0m in size. Cows and calves per block. Subplots were 


every time the pasture reached

grazed01the e:periment as one piddock 


a height of 
 10-15 ema. Itotanical composition was noted visually
 

for a three year period.
 

Seeding increased the prcentage 
of legumes in the first and
 

second years, but had no significant effect in the third year.
 

seeding was with the power-till eeder. While 

in wI'iclh legumes were established bv broadcastling or using 
The best method of 

plots 
in

the Zip seeder were lower in perc,':ntage of legumes than those 


seeder was uited, the former two methods of

which the power-til I 


Suedling with red clover increased

establ ishment were sat isfactory. 


in the second year. lowever,
the total legumes in the plots to 40. 


in the t ird year the percentage of legumes in all seeded plots
 

increased the percentages of legumes, weeds 
was similar. Paraquat 

a 	 . bare ground in the first two years. in all three years lime
 

and decreased the
aird P increas'ed the percentage of legumes 


weeds and bare ground.
percentages 	 of grass, 

The rese1ts; of tliis :XpIriment indicate that legumes may be
 

success;ful l introduced into a hiI pasture without the use of
 

i see.der. [e use f a powLi-tl 1 ,;od seeder or paraquit may give
 

bih',Jet lr(d.'of; 0 Ii ue%-: than broadcasting during the first
 

only lime and P cao be expectedtwo ytears. 	 (If the factors tested 


last in, effc.t ( legume content of hill pastures.
to hiave any 

Key words: 	 lo' useas, eshtablishment, l1 pastures, red clover,
 

birdsfoot trefoil.
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Techniques of ov,ri ill iug for tie 
Intr',)duction of improv.d Pasture Species 

in T1 .,.rote GCrass olnds 

9-1-3 

C. J. Baker
 
Massey Univrsity, Nw Zealand
 

Experiments over several years are surmarised. Collectively, 
these oxperiments sought to improve the reliability of overdrilling 
techni iies during growth periods of temperate swards. The studies 

first!., sought to identifj the important physical requirements of 
seeds drid seedlings in untilled soils, especially in unpredictably
 

dry situa-ioens; and thence to develop drilling machinery and
 

tIchniques to more nearly fulfil these requirements than had hitherto
 

been achieved in siewZealand.
 
The studies firstly involved closely controlling and monitor

ing the drilling and seed-groove-covering procedures, the soil 

moisture status and mechanical properties, and r-ctdrilllig climates, 

using a tillage hin technique. Cereal seeds were drilled nto large 

undisturbed blocks of soil contained ;n steel bins, which ,vere then 

placed in controlled climate rooms for seedling emergence and groove 

micro-environment studies. Subsequently, field trials with pasture 

and crop species sought to extrapolate these data to the variablc 

oceanic climate and soil condition, of New Zealand, which lies geog

raphically between latitudes 35 ,nd 48 South. 
The importance of the drilling techniques and equipment was
 

highlighted in dry soils. Contrasting designs of groove openers and
 

covering devices had less effect on seed germination than on sub

surface seedling survival and emergence. The more traditional "V"
 

or "U" shaped seed grooves consistently promoted less seedling
 
slirvival (even when covered with loose soil) than where soil
 

disturbance was largely confined to a sub-surface layer, with a narrow
 

surface slit and an overlay of dead vegetative mulch.
 
Two designs of drill cpeners, a bar covering harrow and sever

il press wheel designs were developed. The main effect that this 

imiproved equipment had was to improve the in-groove seedling habitat. 

An experimental chisel opener (with sub-surface wings) and bar harrow 

combination significantly (P. 0.01) decreased the rate of loss to the 
atmosphere of in-groove humidity by 45% compared to a triple disc 

opener; and 16',compared to a hoe opener, both in association with 

the bar harrow. Prcss wheels operating on the seeds at thf bases 

of the grooves before covering, improved seedling responses for the 
triple disc and hoe openers. A moderate correlation coefficient, 
r = 0.75, between the mean loss of in-groove humidity for six days, 
and sub-surface seedling survival was established across the three 
opener designs.
 

Physical removal of a strip of the competing resident sward
 

overlying the drilled grooves, clearly contrasted with the desirabil

ity of retaining a mulch as a major component of the groove cover 

for moisture retention. A simultaneous band sprayiiJ technique was 

evolved and tested, using paraguat and/or roundup (glypnosate) applied 
in strips either ahead of, or following the openers. Vigour of intro

duced species was related to the width and effectiveness of the 
herbicide bands. 

Key words: driiI , reV , , b in ot, lino hb-itat,11,., 

drilling equi pment, ban,l s praying. 
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9-1-4 Reduced Tillage Perture Renovation in the
Semi-flumid, Temperate Region of the United States 

S. 	 K. Barnhart and W. F. Wedin 
Iowa State University, U.S.A.. 

A series of studies conducted in Iowa has shown that precision

seed placement, good seed-to-soil contact and reducing competition 
from other species are just as important when introducing legumes in
to an existing grass sward as 
when seeding into a conventional seed
bed.
 

Tillage of 5.1. cm wide strips or wider was 
necessary for ade
quate sward suppression prior to and during legume establishment. 
Paraquat (1,3' di-methyl, 4,4' bipyridilium) at 2.8 or 5.6 kg/ha
could substitute for strip tillage in sward suppression. Paraquat 
banded over tile seeded row provided satisfactory sward suppression
but legume establishment was improved uiken paraquat was broadcast 
-applied or glyphosate (N-(phosphonometliyl)gl.vcine) was band applied.
Improved stand densities tere obtained when precision placement of 
seed and press wheels were used compared with surface seeding with 
shallow coverage and no soil firming over the seed. 

Alfalfa (Medicago sativa I.), birdsfoot trefoil (Lotus cornicu
latus L.) and crownvetch (Cornilla varia L.) have all been success
fully established in existing pasture swards via reduced tillage 
renovation techniques. 

Post-seeding sward hlfght management significantly influences 
the rate of legume establishment in tile renovated swards. The 
greater light availability for a Bromus-dominated sward managed at 
a 7.5 cm height resulted in greater legume stand densities, subse
quent dry matter yields and leg;ume percentage in the sward than (lid 
swards managed at greater heights. 

In the year following renovation, dry matter yields of legume
renovated swards was similar to that of sward,; fertilized with 75 
kg/ha of nitrogen, with a greater proportion of the total yield pro
duced (luring the summer and early autumn months. 

Key words: pasture renovation, interseeding, paraquat, glyphosate, 
Lotus corniculat-s L., IMedicago sativa L., Cornilla 
varia L. 
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9-1-5 Introducing Cl overs into ;riass Swards by
 
Slot-seeding (No-Till)
 

R. 	 J. iaggar, I). W. Koch, and N. I). Boamian 
Universit,, Col lego tf North Wales 

Less than 20% of British grassland contains adequate amounts of
 
white clover (Trifolium repens). In seeking low-cost methods of
 
introducing clover seed into live swards, with the objective of
 
increasing soil fertility, pasture quality and animal output, 
a
 
partial no-till seeding technique has been developed. TIis involves
 
cutting and removing a slot (hence the name) in the turf iccompanied
 
by band spraying a grass-suppressing herbicide and the simultaneous
 
s)wing of seed, fertilizer and pesticides.
 

During the development of the technicue, instances of poor

establishment, associsted with certain sward types, prompted us to
 
compare the damaging effect of the major grasses on the growth of
 
slot-seed white clover. 
In addition we carried out a field experiment

aimed at measuring the benefits of slot-seeding red clover
 
(T. prstense) into a thinning perennial ryegrass (Lolium perenne)
 
sward.
 

White clover. By digging up monoculture turves of various
 
,:rass species, slot-seeding them with white clover and measuring
 
germination, establishment vigour and dry matter yield it has been
 
possible to show that red fescue (Festuca rubra) is particularly
 
damaging to the growth if clover seedlings. Root competition seems
 
to 
be the main operative mechanism but phytotoxic damage may also
 
be involved.
 

Red clover. In Apiil 1979 seed of'Hungaropoly red clover was
 
slnt-seeded at 8 kg/ha into a 3-year-nld ryegrass sward, aided by a
 
band-spray of either paraouat or glyphosate, each at 2 rates and 2
 
widths ('7.5 and 15 cm). Two harvests were taken in 1979 and 3 in
 
1980. Both herbicides significantly increased clover dry matter
 
yields, compared with non-sprayed controls, especially glyphosate
 
at 15 cm band-width. Moreover, total herbage harvesiid from the
 
slot-seeded areas was eauivalent to the dry matter yieid of all
grass plots receiving a total of 160 to 210 kg N/ha.
 

We conclude that clover slot-seeding has a tremendous potential

for the long-term improvement of certain types of permanent grassland, 
especially if N fertilizer costs continue to increase.
 

Key words: slot-see(ling, white and red clover (T. repens, 
'r. pratens), perelnal rvegr;iss (1oliur nerenne), red
fescue (Festucn rubrnO) poraquat, gL;yphosate, nitrogen. 
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9-2-1 Establishm, t of Legume-Grass Mixtures
 

Conventionally and by Minimum Tillage Methods
 

D. W. Koch 

University of New llampshire, U.S.A. 

li lly terra in and rocky soi Is make it difficult to convent lI 

ally renovate forage-produc lng land in the Northeastern United States. 

improved forage spec ieoSWith a minimum of tillethods of introducing 
et tihero remains some question as to


lage of for 1bvious advan tags, 

the cffoctiv ness oI suftac,.-applied limo and fertilizer. 
sblishment andThe objeo.tivo of this s tuly was to compare esta 

prodictivity of two forage mixtures established by conven ional i and 

tillage methods, tixtur e I was alfalfa (Medicago sativa L.)minimum 
and orchardgrass (Oactvli s g.Interata L.).I . xture 2 was birdsfoot 

trefoil (Lotus cornictil a tusI..) and timothy (lPhloum pra tense L.). 

The field renvated was prtdominatelv annual grasses and broad

leaf woeds. The pit was 5.7 in the surface 5 cm and 5.3 at the 5-15 

cm dupth. Leve ls of available phosphorus and potassium were low. 

in August 1976 a, O(L-1), 4.5(,-2), andl)olomitic lime was renplied 

9.0(1L-3) t/hn. Lime wan incorporated on plots seeded conventionally 

an plots seeded with minimum tillage.and was loft on th0 surface 
seedinjg on May 5, 19"7. 

Al I spec s establ i shod more quickly with conventional dma 
Fortilizer was uniformly applie--d before 

'I.n week.': frem seeding alfalfa indwi " minimur.'-til la,. se, ding. 
0.210 t/oa greater, reorchardgrass r5,mat-Y villds wer. 1.36 anI 

p,'ct vo-l y, with convent ionai than with minimum-ti I lage establish

ment. At 13 weeks hirdsfoot trefoil arcd timotiy dry-matter yields 

0.()) an! 1.0) t/Iha gr.ater with conventional seeding. Theresre, 
, 


ro innirl wools at th ijlitial harvest wi thnm 

(onv, nt iona I ,stah I i 
s 
hi t . 0.85, compare-d w i th ().I) t/ha with minmum 

till et e t i-tllih ,oitt. 

Forage yil..l wLro grater with cttvI,,tiooal than with minimum 
wi it I 

were sub;t;it I mial 

tao 1 hmcn 1 Lt)c slding r, o,,:c,.pt >lixtiii e and 

,-I te dliff,.renco in yield wls gr,.atest at the highest lime level. 

i::tur ' ,'I I ightr il ig titdld l ttivntional soiding without lime, 

1 cospo dd more favorably to lime application. Forage 

tilla e . t t ea 

:lIilo Iixture 
yield increasesmixtures es' ,lishud I'yminimum tiIlag, reponded with 

to the L-2l ev i of limo tho, ,,"r of oeeding, but not until the third 

year of production t T-3. 

il 1978 and 1979 dry matter and protein yields were similar for 

the two methods of renovation with L-2 aad L-3. lith Mixture 1, 

4.5 t/lia of limo increased 3-year accumulated forage yield 53, with 

conventional and 29" with minimum-tillage renovation. Response from 

197 with 

convent itital] and mt) i t minimum-tillage establishment. At the end 
4.5 t/ha of li e with >1ixtiure 2 over the 3-year period was 

of three V''arS .gtm re-presentoel greater than 507 of f -rage yields,
 

I see let conwe ti onal 1y without l ime (3F,').
,.:cpt for Mi xtur, 
AltltuIgh forages ,established more slowly by minimum til lage on 

this macginal I' f(.rti l, soil , legumes tecame established and per

legume yields wer similar to those with;isted so that for: gc and 
yoars followil g seeding.convettional retiOviltiOn til, second and third 


On th' has is of ti is stildv, mitnimum-t illage i s an agroinomtca1 Iv fea

sibl alternative to conventional renovation and, becallse of lower 

energy and labor requirements, is :becoming more economically tIes irat1)e. 

Key wor(Is: ledicago sativa I.. , lotus corniculatus L. Phl1eum pratense 

L., l)actyLisj glomerat, L. , minimum til lage, yields, liming. 
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9-2-2 Influonce on P,-st i ci do, ort J; i zo I-, Row Spc inP,
 
and Seetding RatLe- oilN -Ti IIli,' L;talIi IITfOnt of Al fa Ifa
 

L.R. Vouih, A.1. iocke r, and R.I. Dudley 

In i vrs; it v of Pairvl and, I .S . 

No-tillage 'orage seedingF c-.n reduce soil erosion, conserve 

soil moisture, and lower fuel rr.qu rements but seeding failures still 

occur. There is a critical need to identify techniques that increase 

the frequency of successful o-till alfalfa (tidicago sItiv, L. 
seedings. Fai lures are frequently blIraed on some aspect of weather 
but other factors such as insects, nematodes and molluscan pests are 
undoubtedly involved. 

Two experiments were established in September, 1979, to investi
gate seeding techniques associated with no-tillage establishment of 
alfalfa in barley (Hordeum vulgare L.) stubble. 

The obiective of experiment one was to evaluate the inf'uence of
 
carbofuran insecticide/nematicide and phosphorus (P) and nitrogen (r
 
fertilizers on seedling weight, plant population and forage yield.
 
Plots were seeded with a Tye Pasture Pleaser drill. Treatments were:
 
(1) check; (2) 27.5 kg PiOr/ha; (3) 2.2 kg ai/ha carbofuran (granu
lar)' (L4 2.2 k,1ai/ha cartoforan + 27. 5 kg /ha; (5) 2.2 kg ai/haP 0 

carbofruran + 27.5 kg N/ha; and (6) 2.2 kg a i /a carbofuran + 27.5 kg 

P 
0 ri'ha# 27.5 bg N/ha. All materialIs were app1 ied in the row with 

tte5seed. The largest seedlHg, at 10 weeks after seeding occurred 
with carbofurn ., P ± N. ,!.- ssal lest s5edi ings were associated with 
the check and P treatneets. The highest plant populations at 6 and 
30 weeks after seeding occurred wher, carhofuran and carbofuran + P 
were appl ied. The sisallest olant populations occurred with the check 
and P treatments, wh i Io t1e Corboffuran + tI and carbofuran - P + N 
were interr cdiat,. Carbofuran -nd carbofuron 4 P p roduced the high

es;t dry matter yields at first harvest. Yields of tI'e check and P 
treatment,; were signi fi'ant ly lower than any of the other treatments. 

Dry matter yields for the four treatrents containirg carhofuran were 
not significantly dif forent at second harvest, but they were about 
double the yields of the check and P treatr'ents. 

The objective of experiment two ,.as to examine the relationships 
of seedinq ttes and row seacins to seedlin q weiqht, plant popula
tion, weed corme tition and foraue yield. 'lots were seeded using a 
Moore Uni-drill. Row spacinq evaluated were 12, ?h. and 3( cm. Seed
ing rates were 5.5, 8.2, 16.5 and 33 ks/ha. Seed;nq rates affected 
plant ponulation and forage yield b,;t had no significant effect on 
seedl ing size as measured by seedl inq weight 10 weeks after seeding. 

The 33 kq/iha seeding rate re1sulted in a significantly higher plant 
population at 30 weeks after seedin-: however, there was no signifi
cant increase in forarfe dry matter yield over either the 16.5 or 8.2 

kq/ia ,eodl rates. The 5.5 Kq/ha seeding rate yielded signifi
cantly In;; than the other seedinq rates. At a seeding rate of 16.5 

k.'hn, thor- wre no differences in seedling weight,.. significant 

Plant popul Ition, or in forage dry matter yield due to row spacings 
of 12, 24 and 3( cm. 

Key words: a falfa, medicago sativa I., carbofuran, no-tillage,
 
seeding rates, row spacings, nitrern , phosphorus,
 
pesticides.
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9-2-3 Structure and Produce Ability of Phytocoenosis
 
of Permanent Grasslands with Long-term Nitrogen Fertilization
 

J. Velich, A. Klesnil, J. Str felda 
University of Agronomy, Prague, Czechoslovakia 

In 14-year trials carried out in the most extended types of
 
permanent grasslands in the potato growing region (annual precipi
tation 550-770 mim, temperature 6.6-7.80 C), the influence of grad
uated level of N-fertilization (0-100-200-300-400 kg N, 40 kg P and
 
100 kg K/ha) on botanical composition and profitability of grass
lands and soil property and leaching of essential plant nutrients, 

was researche,. Systematic N-fertilization supported temporarily the 
evolution of loosely tufted tail growing grasses that were gradually
 
replaced by rhizome-forming grasses at the beginning of the 4-6 years 
of fertilization. The domination of rhizome-forming grasses was 
directly proportionate to the N application rates, and after 14 years
 
it was 27-50-73-78%. At the stage e-f rhizome-forming the main 
species were Alopecurus pratensis, Festuca rubra ssp. genuina, Pea 
pratensis and Agropyrum repens. Extension of Agropyrum repens means 
the degradation of a grassland. It can limit the effects of N ap
plication rates on the stands where recultivation of grasslands is 
impossible or disadvantageous. The dependence of dry forage yields 
(y) ol the N application rates (x) is expressed with sufficient
 
precision by the quadratic equation (in kg/ha): y=3240 + 29.878x 

2 . 

0.0394x The maximal production ability is in a~erage 8.5 t/ha 
o' dry forage and the necessary N application rate for its reaching 
380 kg/ha. The economically most favorable N application rate is 
ii the total average 235 kg/hla, which represents 62Z of the N appli
cation rate necessary to reach the maximal yield. The yield that 
corresponds to the economically most favorable N application rate 
represents 91Z of the maximal vield. From comparison of increasing 
energy yields utilized for cattle foddering, with the increased inputs 
of the additional energy necessary on N-fertilizers and their appli
cation, the molt favorable application rate is 196 kg N/ha. Tile 
maximal yield of dry forage is reached at the concentration of 3% 
of N in dry oater (variable from 2.8', in years with favorable 

precipitation to 3.82 in drier years. The economically most favor
able increase of yield per I kg of N application was on average 20 kg
 
of dry forage (16-26 kg) and the recovery of the added N was 55% 
(48-65") from the increased crops. The lotig-term N (+PK) fertiliza
tion had no explicit influence Upon the aMount of organic matter ill 
tile soil. The potential losses caused by leaching of N0 3 -N into the 
depth 0.50 m, did not cross 10 kg N/li -ven at the highest N appli
cation rates. The concentration of NO3-N in lysimetric waters at 
the application rates of 200 kg N/ha was usually lower than in pre
cipitation water. These results show the possibilities of intellsi
fying the production of fodder plants on permanent grasslands by the 
saving of their extra productiOll functions. 
Key word.s : permanent gr:isslands, nitrogenous fertilization, 

N-application rates, yields, production function, 

l2rformance, N-recovery, N-concentration in forage.
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9-2-4 Factors Aff citi g , :;t t, lii ho,,It a ii 
ProducLin ( ,' T'ri, i l i Acid, 

N......li.....an 1 c. ,lIR.~~ ~ ~:ZI. :'.fla.!.I thd.' ~~N' 

On undev,lod( , aci , i".. :1'-' c''' , i th f tlhe
conventional Ieqiumn2i .'' ito, , ( q (,I' I ll, n- I ,) red clover
(T. rI te'se I, ' hvbrid-- I.. I I 


The iobjer-tive of L11hh; ,c . tot 

) and . rt:;k ' Ti ted by acicdity. 

i'tl:t i t" an t n Iatir- tegumie
specie'- hett,,r adjpt-l to Loth .iciditV aid ]ow iipt; of phoc phorus
(P) a d t-0 o x,1i IC'o t I d : (Ifr t ]hlShr, t 1r-iI r, 11ii naIl l, i cinL tn .1i 1 ,tq If-i I (JoI)t,,. po(-!,c: 1,_t-il]- i,,,v.) cv tr ntl , '.aku and birds
foe. tirefoil (1. c:c,_i Ci-uII!'-l ; 1,.) C:v. M-aJ"land 
 Wc r, exatilined. 

i ulI i dt wit h Ii -oproprai n0,i d jat. ';t:rt -i r:i of rii zebia and Sown1,, h, t in ii Ijri t r ht itu;::ck rcr;.lid on acid co0u.; of low P 
:,Itt :r ,i: ,t i t if 5(1 - H:-30 in aiciO'.'' rea (,ccel. ime and
citic.J icci t I t-..It'll .. 2 broadcic; t. iferha, : yieldsc were measured
 

hoVrnwi uq ot ic pe-and o0i ta nc grountid .eel cuts in animal
 

Iit tt irt'o I rt.,. 2-3 tixici ; the ,iold of waiite anci red clover
nd it.I.;cr ot trc 't 1i. 
 hi: troacicast lime increrased vield; ofwhc ite -:lo -r Ii it- not nf 1iq t t foi 1) they rmain(cid lower than those
 
f ro1 !) i, I t:r to I .
 

,J tic I."cl ; F', :;Z")1111iv, to 
 PI I) to) di tITLe oi 60) kg P/ha WhileC
x.'itc c~it' I-ic-I i.: ' i Iic-imurl Itc- it 15 1:q P/ii . Lack of P 

cu-,it,;). i i'o'or-i:(. to'iicttl to b 11h, to hihii i.c'veis of 
ii--, c tic -i ; i i i 


l'c. lt it j c , I,,Iv'-ith I.i c ' iili 


e:t. ti ei , inium ll -l, ;' 
tC 110l1ci 1 i c n of bi.
t:r' u II o I-r'.o to 11t'.r-r nclc II-Iattc11.t , 11 ioll o f 1017 cuflm
''. 

,at-,Lto ici cict ; or I iii (' i it ci etn ; c-ri.
 
t i ilj 1 it thl,-ti' [It tt;oI i ';c 
 .1, ctcii. t 'fti cif frequency of

":71:1- 1 of ibiq tric.f: il in t;;i, - i:;hln L ''ci-. I-feurring qrazing
t thi, tili tf i Ji ;t'it, itit 1 l te attumnli increased the 

of( tc' "',,! I .: ;; :I , ! ,. At i ii gcr .t ;itey. OttOc;tahl i ;hed 'wic; ht-bic;- yielck werie simil ir closeunder defoliation 
12.5 cm) with :dl,(-; andl:c (7.5 crr defoliaLion by cattle.
 

'Tiietic rtu 'ei! temnne ;ti.-,r a 
 larcge pot riil in *ew Zealand for
th teveloplntL of craccl-rl]c on atc id !;eli; ofcit rtivo low P status 
Iy over.cowinq wi tii 1i:ct t rec'cil . 

Key words: Lotus Ietuncii attus, I.. coriiculatuu, Tri folium repens, 
T. pratetnse, acid oi', Inoculation. 

295 

http:N......li


and Safety of Translocated Herbicides 
9-2-5 Effectiveness ApplicatorWeeds with a Mop, Wick 

iI. J. Peters 

University of Missouri, 

Applied to Pasture 

U.S.A. 

a rope wick applicator is a new 
Applying herbicides with 

weeds without treatment to 
treatment of talltechnique that permits 

forage species. The objective of this study was to 
low-growing evaluate 
determine of several herbicides and to 

the effectiveness 
species. The effectiveness of 2,4-D [(2,4

tile satety to forage 
acid),acid], dicamba (3,6-dichloro-o-anisicdichlorophenoxy)acetic

3 acid), and glyphosate
picloram (4-aminu- ,5,6-trlchiloropicolinic 

ofconcentrationsle] In water-herbicide[N-(phosphonomethyl )glyc 

evaliated ol gray 
 goldenrod (Solidago

271, 4:1, and 8:1 were 
with a rnpe wick applicator in one and

when applied 
July 17, 1979. The goldenrod wasnemoralis Ait). 

two directiots on June 15 and 
hluegrass (Poa 

a pasture containing primarily Kentucky
growing in 

L.) was sown into
Red clover (Trifolium pratensepratensis L.). 

to detect any residues of 
the stand the winter after treatment 

to red clover
might be present. Some injury

herbicides that 
two directions,

occurred with picloram. Picloram, applied in 
of

80% of the ;oldenrod, while the mortality
killed more than 

to 65% ,ith the other herbicides. Early 
goldenrod reached 60 

effective.In two directions were most
and t reatmenttreitments 

This method ofby the herbicides. 
with smaller amountsFoiage grasses were unaffected 

controlled goldenrodapplication effectively 
broadcast applications.
with conventionalof herbicides than 


Key words: 2, 4-U, picloram, glyphosate, dicomba, Solidog 

nemoralis, rope wick. 
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9-3-1 Renovation of Tropic:al Legume-Crass Pastures 
in Norther-n Aust,-lia 

II. G. Bishop, B. La and "I . Rutherford 
Queensland Department of Pritmiry ILastriets, Australia 

Liveweight gain of cattle on tropical ,:tgume-grass pastures ishighly correlated w;ith legume content. Legume yield decline is amajor problem wit) 200,000 ha of Siratro (Macroptilium atropurpureum)based pasture:; in Northern Australia. 'lis decline is largely associated with overgr;,zing. Resting for at oneleast year has beenrequired to substantially improve Siratro yield aand more rapidme thod of restoring its yield was required.
 
Tho effect of 
various forms of mechanical soil disturbance onSiratro population and yields was therefore compared with pasture,spelLng (control) in four replicated experiments and on threecommercial pastures near Mackay in coastal north-,astera Australia.TIe renovation treatments were cultivation with tines, deep ripper,disc narrow, disc plough and rotary hoe, with a control treatment

af no cuIltivation at all sites. Thjee of the experiments contained
 
an ovursowi ng treatment 
 o 2 kg ha Siratro seed. Associated grasswas Kazun, ula setaria (Setariaspphce[ata var. sericca) at six sites
 
and Rodds 
 Bay plicatulum (Paspalum p iCatUlu,) at one site.'lit main effect over all sites was for cultivation to increas
tLhe number of Siratro seedlingo:; over the cmntrols 

9
 
from 3 to 10 1-1and Siratro yield fro9 263 to 1 289 kg ha . Disc ploughing prgduced

11er1o Seed)ingi; (17,11 )n and higher1 I rat ro Yields (1 439Lit rippin,, kg h; ) thanI and 501 kg ha respectiveiy), the latter disturb-In; approximately 50 percent of the pasture surface. One advanLc:eof di.c p1 mghing was to s abstantial ly reduce the associated grassyield, and hence its competition n the early part of tlce growingo;Uasoin. Oversowin g with 2 kg ha Siratro seed failed to increaseSirs Lro populations o' yield. A\n adequate reserve of Siratro seed in
the soil w',; found to be essential and nanagement of' pastures 
 should
aim to iclhieve ths;, resolve;. i'he renovation phase offers theopportunity for introducing newly avc ilable better adapted pasture 
species.

'This study showed thalt pasure renlovation using cultivation was a
rapid method of restoring the legume ofcontent Siratro basedpastures. Reasons; proposed for the higher Siratro yields from cultivation were increased Siratro poptulations, reduced soil compaction,improved soil aeration, increased mineralisation of nutrients and
reduced competition from associated grasses. 

Key words: reiaovation, tropical p.isturen;, siratro, legume decliae, 
soi 1 seed redserves, oversowing. 
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in Bahiagrass9-3-2 Sod-Seeding Annual Legumes 
(Paspalum notatum) 

R. S. Kalnbach,'r 

University of Fhrrldi, .A.F.oi 

in tlie southern slttiudes and lias many
Bahiagrass Ls widely grown 

seed, has few disease ant insect problems,
attributes: starts from 

and low soil fertility, a.d resists weeds. 
tolerates heavy gras'ing 

restricts animal ,erformance, ard production is 
Vowever, low qualitv 

months in the subtropics. Poor grass quality in the 
limited to 4 to 5 

le lues, and in ,:inter low yield 
summer cou'd be improved with tropical 

with temperate legumes. cxperiments were undertaken 
could be increased 

from 1976 LO 19"A to develop practices for "stablis'hini leIumegioin 

bahiagrass. 
Temperate legume, (..''.i:',: :o t.iso, T' ' r:,',, . ''rcr:,) 

which act as winter arnuals in Florida, were seeded in bahiagr-ss in 

November, and in June Lrop ical Ieguies (.,h' , .", 

A :i.52,- r" - 07)'.:jo>1'.:' !) were ''Ceded. To Cuntro]. 

as fols pariquat(1, 1' I)imethylsod was trerted 

ion) (0.2l kg/hIa) 48 firs berore seeding' with sod
competition, tire 

-4,,4' bipvridinium 
at seeding (P4-1); paraulat (0.28 kg/Ia); uld--l'pon(2,2

burned 
and no sod treatment (cueck).

Dichloropropionic acid)(2.49 kg/Ia); 

nrimb'r; 
 effect of herbivore pests

'arameters evaluate.,' %wre: seedling 
-and quaility; and measurement 

o:rwiate legume sedliri',s; equiume vield 

of 	 Light :eachli A,'rc'us:u-':?S seedlings. 2 


sodlings in the2 P+B treatmient averaged 131/m compared

Temperate 

55, and 64 seed lings/irr in thc check, pnarraqut, and dalapon
with 47, 

by tire snail (.:'..y.:
treated gras-, respectively. Depredlation 


rN epo ibhe for this difference. Field
 
1..,' ) wir primarily 

per six. seedlings was 
popt O~riS ,vrt 8.9 snail /a, and one snaiI 


100, mort lit v. The P4B treatment resulted in
 
shown to rert I ir 


of 8IC, 
1fli lg 98;' of 	 the snails. 
rpeak seil-s;urface temperatures 

was greaterfrom P+l'Ptreatmeirt (6815 kg/Ira)
leg:ume dr' ,atter vield 


t'.' Lhe check (361(1 kg/r) , par'I-qIt (4790 ki/lii), or dalapon (5710
 

le.iime ,at.ads, 
 crude protein and l\'0-,,) were
kg/ra), lecase of better 


in tire ,r s;-I s ir'eai: ures i tire 4I'Pf tinreatent (15.7 CP
 
hiigher 


CP and 58.6, IVOMD),t he chCk (I 3.5ind 
(0 .: i PI))1 ari nforpi1 (1 .6?' m i a6C( 62.07 IVO )6r., IVO,.)) as cnipared witi 

praqi at (14.5' C and 

'Tropical legrime viel d was. :1ff-:tedl by her'bicide treatment arid was
 

in tre chec' (260 kg/ha) or paraquat

-P+B(2970 kg/Iha) thnn'reater in tire 

the d; I ipsn 	 (2 () k''/h). Measurement of 
(4(1(1 kg/Ia), but equil to 

f irrt 6 week's of leirmr growth, more 
l iglht indicated thrat. drlii ii 


I ight (23 ginsteirr/dnv or 7': of incident, light) reoulted rom tire
 

to the check (13 I/dr' or 35' inicln-)
P-'B treatment compared 

m	 ir the P-If Lr'ated rod as 
Protein in th cros;-Iegu e rixtures wars 8.77' 

and dilpon (11 .37:) treatment. 
coipared Ltithe check (6.91"7 , parqur t (6.27 ) , 

conti,' is always important'rhere resrrlt, isi,lv thlrrt srs. aind pest 

factor in nod-st'cvIed ]erume estailisiaent. Two types

corntoI c:ri lIe ;f 


presrnt ;It

of hiia',rgrra caror competition were recogized; cover 


giowth ,rfter seedina. It is more
 
seeding , and cover resultina, from grass 


re fne seedinlg temperate lIctu
gmes; breciseo IO1 
important to rerr'e sod 


functr (if suppresasiorrr. a herbicide.
 rce
temperatures repla the 

r, fri f0rI irM 	repens, Tri fo Iiurm pratense,KOV words: 	 "Il-i sat iv 


Aesci vnrm r ' ,r ia l v; a s va
r'', na, i c rpu i uni i , 

lnd igoo fr iri 1 -it qods de g ,itemporary pastures. 
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)-3-3 Legume Establ islhment in Subtropical 
Pastures with Minimum i I Iag o 

Crnss 

A. Sli. 1ton ,'Ili tnov 
L11iver;i y oIt lawaii, LU.S.A 

The establishment of adapted legumes in exiting grass
swards can greatly improve the productivity of pa.stures not 
fertilized with nitrogen. However, legume establi,,hment is 
difficult under most conditions unles- the -oil is till-d to reduce 
grass competition and insect populations . This proc(dLi- is 
costly and expo,-s the soil to ercsion hazard. 

Beginning in 1974, a number nf trials were conducted to 
develop a single or double pa-- technique which voul,-1 control 
gros-s competition and ii-rects at a reasonable cost and without 
,evere soil erosion. The herbicido!s paraquat, glyposate, and 
dalanon were compared and the best results were obtained using
dalaon broadcast at 4. 1 kg 2,2-DPA a.i. ha - 1 

(5.C kg af the 
-74,', formulation ha 1

) as a "chemical fro;t" which inhibited the 
growth of pangolagrass (Digitaria decumbens) or kikuyu-grass 
(Pennisetum clande,;tinum) for a period of 3-4 months. A number 
of insecticides were also observed (no data taken) with poor results 
(diazinon, diaainon lplus methoxychloi,, and methadathion). 
Carbofuran and chlorpyrifos (both at I1 . 1 kg a. i. ha - ) were com
pared in one experiment, and the later was highly effetive in 
controlling armyworms (Spododoptera spp.), cutworms (Agrostis
ipsilon and Peridroma sauciy, ,u other insects which attacked 
legume eadlings. Its aFfectivenes,- was confirmed in subsequent 
experiment-s, and it has the additional advantage of being a 
relatively ,afe product to use,. 

Adapted lequmes can therefore be cstablished with reasonable 
assurance of success when mois-ture and nutrients; are not limiting, 
using these chemicals -nt minimum tillage. The seed-; must be 
brought into contact % it- moist soil, either by trampling by animals 
c)r through the use of -od-'eeding equipment. S:od-Ieeding 
machinery may bu indicated for phophate deficient soil, where 
band placement of fertilizer is needed for legume seedlino] develop
ment. I, the United Stntes, dalapon is renistered for, use in Gulf 
States and Hawaii at the rate recommended here, but registration
of chlorpyrifos for pasture use has not yet been approved is of this 
writing. 

Key words: legume establishment, subtropics, herbicide, 
insecticide, minimum tillage. 
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ad Woody Weed~9-3- 4 ~Stylosanthes h1amata Etablismlt 
Preparati.onl~,'~Regrowth zasInfluenced hy ,Seedbed 

W4"~ ~ Departme~nt'of Da iry Ifllustries, Australia 

In'tropical~and subtropicalopnwdlds'fAtriabe 

'~ cattle-grazing ,native grasses increase their bodyweight mainly 
inthe 

When quality of~the pastures 'declines rapidly after
 '~hot, wet' Months. 

the hot summer months cattle generally lose wveight." l~e introduction 

a persistent legu~me into native pastures growing oninfertile soils~'9of 
ult~s bein inetgtd One experiment
toipoefe 
 a red earth'


established in December. 1978inear, Mo'ianbahI2 2
0S14B E), on 

Q''soil'Kfollowing tree cleaying, examined the e~ffects of legumfe. seeding K 

6,K 100 kg ha- )K, fe'rtilizer treatments '(nil', PKSMoj PKSMoCa):K 
',,ates,(2Kj
 

grasIsburned,~ cultiva~ted)'K'* and seedbeds :(untreated native grass',' nativ~e 
on' Styl santhos hamata cv, Verano" establishment, nativespear, grass 

woody weeds r-egrowth. No grazing or'''(Hoteropogon contortus) growth 'and 
33~~ imposed. The factrial split 'plot. design hd' 

hr' ietreipects'~ guml
"K 	 seedbeds'as main plots an 

-'K* 

seedling countwere takenl'weekly in'~fixed qu[dr'ats from sowing to 

May 1979 wh1en ,dry matter yields..for legume, nati 'e'grass.and herb'aceous
 
of 	woody weeds in'each subplot was '' 

" 

"weeds were assessed. KThe regrowth 

'counted in February'1980 when legume numbers were also recorded.
 

Seedbed treatments had a significant effect on legume'
 
1j,
and woody woedregrowvth, cultivation giving best 
,~establishment 


There was a m~arked'
establishment but highcst' density of woody weeds. 
 ,

respon~b to fertili'zer and although the' highest seeding" rate gave 


highest plant denisities, the lower sdeeding rates produced larger~plants .~
 

K>K Cultivation eradicated spear grass with negligible' regeneration' 
in 15 

months, whereas a spear grass-Verano pasture was achieved in 
the 

uncultivated, plots. 'Fertilizer enhanced legume establishment 
and 

'K' 

A~rnajor conclusion was that''~relatively low seeding rates were adequate. 

Kfor legumea single'cultivat~of, .l1hough providing the best seedbed 

establishment stimulated the 'regeneration of' woody weed seedlings.
 

There are'extensive areas of open woodland rangelands in
 

northern Australia which can 'be Improved by' the introduction 
of a
 

Tree clearing as shown
persistent legume into' the native p'asture. 

1
in-1his experiment can' induce regrowth problems (3800 woody plants
 

ha )'and a one pass cultivation aggravates this'(14 000 plants 
ha

( Development of similar rangelands should avoid' tree clearing'and
 
an adapted legume suitable for broadcultivation.. The 'selection of 


to 	more

casting directly into the undisturbed vegetation should lead 


stable -rangeland developments and the approach would be more readily
 

and adopted by beef cattle' producers on extensive open
accepted 

woodland rangelands. Several Stylosanthes specieo, including S. hamata
 

and S. scabra, indigenous' to South America have demonstrated 
their
 

adaptation to conditions in northern Australia.
 

verano stylo; Stylosanthes hamata, Stylosanthes scabra,

Key words: 


seedbeds, establishment, tree clearing, rangelands,
 

woody weeds, spear grass, Heteropogofl -contortu..
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9-4-1 New o'tI totIs for :taliIisli jiIg {;-ass 
ill the so thorn Ill in; 

ic tor L. IiIjs,,rIlT DA-S EA-AR, ;ras:lnnd, So iI -In ,1,'n,r IRes 'c Laboratory 
I. S'.A. 

flative and introducet 
grasses are difficuit to establish in the
Southc,-n G-eat Plains. 
 'cdling establishment is often prevented by
rapid drying of the surface 2 or 3 cm of soil 
in which most grass
seeds Pye planted. Three new or non-traditional methods of avoiding
the problem in establishing grass were studied.
The first method was punch planting The seeds wer,- placed in
the bottom of an open hole- that was muc,. deeper than the normal
planting depth; therfor., Lhe soil arcind the seed 
 remained wetlonger than surface soil. 
 The second method studied was planting
germinated seeds, 
 hich emerged quickly, thus avoiding the rapiddrying of the surface soil layers. The third method was transplantinglive plants that were grown and transported in plastic bandoleer
 
strips.


When the soil surface was kept wet, there was little difference
in seedling emergence between punch planting and conventional planting; when conditions were dry, 
as 
isoften the case 'n the field,
substantially more plants were established by punch planting than by
conventional planting. 
 Grass seeds germinated ;efore planting to the
point at which the radicle was ready to emerge, produced significantly more seedlings than conventional planting, especially under
dry conditions. 
 Seedlings grown in the bandoleers and transplanted
to the field produced very satisfactory grass stands. Ninety-five
percent of large bandoleer transplants survived for 8 months in the
field; however, all 
plants from the conventional seeding died.
Each new method for establishing grass was better than the
conventional method. 
 Planting germnin2ted seeds may Ve the easiest
and most economical method to 
use in the field. With the development
of appropriate machinery, the handoleer transplant method may become
economica1 for grasslands. Punch plantino 
is limited in field use by
rainfall filling the open holes with soil, 
and by the lack of satis
factory machinery for field plcnting.


A significant improvement in the probability of success 
in grass
establishment would make 
true range and pasture management more
 
feasible in the Southern Plains.
 

Key words: 
 grass, seed, planting, establishment, range, pasture,

Southern Plains.
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;rlIt of 
[IS t ' i Siment AliEva ion 

Grass 161.tLive to iinterSeedling Cira Lct:i ;ti c 
n"I Eal' GrowtlIInjury, Survival, 

.hi11",1Pat o. (Curri,'Richard .S. 

L.Ier(1,11.
USDA-SIFA-A , iv 5tL0C'a ;tit h 

cl-LLat i tudeS presents a 
estb ishnetI in northernStand wLth to obtainia i t

thi t lust b conisc Lent ioes I y 
leng ing probIIel 

la:y variables have been 
grasses.
I rom introduced 

but relitivelyopt [mt1m resispnOc little research 
tot es;ll I shmet I 

utidied in regard Se. YetI deve lopmetL pergrowlIid
done Oliearly Seed l g

hia!;been to winter injury, 
are most vulneraible 

:I ti lue when plantsthi; is 
and other adverse impacts . Our 

Ioll, gr Ing ,
0ion, Comleit
desicCa no rpholog icz.Ithe cr it icIt 
hias !lignlit to Ident L tfy lore of 

resea rch 
Cin inf luence griass estiblishment. 

sie llling. thatfelitlres tilt tel alef ine anld qi Lfy
were spec Liiti ll., object i ves to: (L) 

and wi liter injary,
lca l deve lopment

be twe eLen orphologit ioIli ips forstrategymanagement 

suirvival , and growth; and (2) 

growLlh and

develo) a 

early seedlingtl,.Lt considers
stand -st.blI shlrent 


deve lopment. Three
log field plantings.
worl- was performed us

Researclh desertorum 
es-rested wheatgrass (Agropyron

ape.-prereininial forage ilt ermedlum(AgropyronpubeSceit wheatg rss 

(Link) ieichib. e legi), and(Fisch.) Schilt.), Rtusian wild 

,iibsp. Lrichophorum 
Fi sh .)--were seeded in hate siinirie r and

ryegri ss (.ymuS ince s 

eIrV ill to ota in seedl ing; wit' 

i diverse morrphoLogicai
 
that emerged were marked 

vi dual seedlings
charaicteriSticS. Ind 

emerging theor uponcondi.tion a 
re iching at winter-dormaint correli tedafter andcountedleaves wasirtilber of 

foi ilowilng sprlo. The 
mortality.

;t( fall ,rowth;, and sinmer
sprlngwinter dage,with witl pLant size in all 

was inversely related 
Winter injury curve. Asa quadratic,expressed by 


three speciLs leCrrei';d. S)priig Ind fall
and could best he 

plant si:Le i nre;iS,-ld, winter damage 
and WinterSizeto both seedling 

were iireet ly relaLtd ingrowth Slimme r siirvlvli1 were found 
ind hit glie-rgrowLhijuiry. Greier 

while substantiallyleave ;,
hald nor.'eirly-springs that inseeilin, emergedobse rved in pcanlts that 

so rviviia wereless growth and 
seed i;i,. ;rowth relationslips were 

IutuinO
the spring, ri;o late 
curve.by .inexponential

reidily quintified it is highly desirable 
;nari,erileit applications,resiect to 


the gr;izing deferment interval

With so that forge utl1lnza

to minlmi..e ti is is est
show that

Out )esiltLs

Liol Seedlings
Can begin :;'Oaer. reachto al Stlue thatIlnnintg
lat-Sirnmmer;iccoimpl i shed by Such seedling devel

bet are winter. or more leaves a Size of three 
io4 -y better sunrirller survival,

illreduced Winriteropment results 
o .owing sea.son.
 

and greater ,rowthIi doring the 

Key word. : gra; s tal l ;rrit winter iiury, .;<e lling survival, 

dlveloplment, growth.rnrorpogies s ,; plinting, ,at;nld 
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'''Subs
9 -~3" tantiation~ of~Technological~ Parameterd, of 'a 
CobieL geg~ for"Wild Grass Strip ~ ~"~ 

U~ero! igon Semi-Desert: Pas turo V'-s 

SAilUnion Research Institute of Agricul.iwal'4echanics, USSR ~ 
~''~vSewmi-des'ert'natural patrsae'low in.productivity~ (350 k'g/ha) 2 

r~~and, poor, in botanical grass-stand composition. ' They can be impjroved ~'
 
bsowing cultivated plants (desert wheat grass, Siberian 
 wild eye) 

''from 
identical agriecological zones or.,the more adapted aborigines W"
from'the local flora (prostrate 'summer cypress, mnrsh bentgrass;,I 
Russian thistle and other valuable fodder plats),. Howevar',.radical".'~ 

' ,imnprovement with' jow'tillage is unacceptable because 'itcau'ses wind 
"'""rosion, kills ma~ny valuable wild plantsirand new~ seeded grasses do. 
Snot 'always take root. The aim was to develop technology and a com

'" 	 bined aggregate for wild grass 
'' >

strip undersowi.ng in naturaol'grass'

s~tands of~semi. desert pastures, providing increased grass y'ields,

r'dcnjao n -expenses and preventig wind erosion.
 

tW have studied the'tecinological parameters of' tilled and
seeded strips' and deminedVa rotechmnical and energetical indices

of 	 coolsL of the c'ombine'd aggg~'~ate' which in orie pass deeply loosens
the 	 soi1. carefullyr crus~hes the soil ith rotary cultivators,sed

wild gras's 'and rolls 
 the s e e t i s
Ka r~slt-f--ibvegst'l ttofii17976 -1979 iiili faris o

manytsskayaASSR indicated goodthat grass stands are formed on
fallow, 'winter rye stubble, and highly trodden' pastures'in tilled'
~4strips the width and depth of which are i ot less than 10-12 cm with
 
interrow spacings of 'about 70 
cma.Deeper tillage is required on'
 
compact soddy virgin soils.~ Siberian wheat. gras ,,seeded in the
 
fall of 1976, was in spring and Call of 1977 not significantl.y
 

S" 	 affected in.height 'by different tillage depths' ranging from 42 to 
47 cm. Yield was 930 to 970 kg/ha. 'Height *of prostrate summer 
cypress in the second year of life and the natural fodder yield in

relation to tillage depth (5-10, 15, 20 , 35-40 cm) were from 44 to 
51 	cm and from 4020 to 4660 kg/ha, respectively. At loosening depths

of 	40-60 cm, the prostrate 
summer cypress yield was not increased.
 
Longevous grass stands established on virgin soddy soils with soil
 
loosening 35-40 cm deep and 20-30 cmi wide and interrow spacings of 70
 
cresulted'in increased grass yields by 3 to 
8 times..
 

In conditions of Mi'ddle Asia' (Uzbekstan, 'Samarkandskaya region)

S the height of prostrate summer cypress"on fallow was 2'to 2'.5 times
 

higher than plants 
on 	virgin soils' and dry matter yields' were 1360,

and 640 kg/ha, respectively. 
Average yield second year of prostrate
 
summer cypress was 1080 kg/ha, 3 times higher 
than natural pastures.
The vest depth' and width"of soil loosening was 20 cm, o'f rotor-tilling 
was 10 to' 12 cm, an6 'of interrow spacings 70 
cm.
 

The optimum technological parameters, Of 	tilled strips for~' 	improving 'semi-desert pasture.. of the main zones Of the USSR are.:
soil loosening depths of 35 to 40 cm; loosened strip widths of 20 
to 30 cm; depths and widths'of rotor-iln of 	10-12 cm; and 

interrow spcig of 70 cm. 	

' 

Key words: 	
' 

strip tilling, strip 'sowing semi-arid pastures,

forage yield.
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9-4-4 Growth and Developmont of Poa inua L. 

in Different Grass Vegetations 

J. II. Nouteboom and J G. 1'. Dirven 

SLate Agricul tural University, The Netherlands 

in different type'i of grass vegetations 
etc. ). In cul tivated grasslands 

a :-n*'ozoccurs 
(pastures, Iawis, sport fields, 


aria t. far mor! -reque' -ly found in

in the Neherianil, z 


; te- sioi.] fert iity in Dast-ures
pastures thon in iiyf iolIs is
 

intrr lati d factors tihat affect

hicgher. In thii; cas't-,, the two 


thei growth and iv' npioTlIcit oF '' , Z are ;oi.Ifertility,
 

anid the fr.'gnellcy and he i ght of defoliattion. In an attempt to
 

each 	factor, pot trials wo re set ip
aalioeLrtain thleof 

,'' 	 .. , the main'C air r''l Iit - ,, 

i';';ilS in th ,-thlerands. 
in whiich . '' '.a:; 

cOmpOnittt of cult ivatlg 


Int one pot tri i , I iia , .rd of / :'2 
 ani F,/. 'l 

harvested (,very
w,ore ro'na.;n 	 at it ',-vol; of nit rgon and 

f irt v.t: had higher yields
four weeks. At th-


thll ' ":'a '''r' , at the 'econil halrvt the
, yields5 of h~'ht 

the alri the fourth harvests
soecies were t 'ilame' htt it ttiro 


Thi w s
L, i:;: , 7,. p,.
o, .o,'a!; prodtcti. ! thart '-

h iim 	 i format iori of fiowerinrl cults in ,z roniivz
attrihuted t 


that altor t ieie ctalm-; had ieett cuti off, this

art1l to I(- fact 


pc' Lt' yCOvec]e v.ry ila.;'.1' frort hasai t bUte S.
 

dI ifoliat "Del-il , -m.aiia wa;,vrda of*l?In a iot it I of .C? 

week il I cm ani1 at intercit" t'dIC"anl , wr. I 


a" a0 ',- Id .1,.. i t ;tu hl heigits of 2 and 6 cm.
 

a ma-xirtlnigrowth. Frequent'I'h s' ''arl'''r fort i i;,ol to protl 

at io IOW I I I 'hi ighit; r.,;uitio illhighor yields for 

lt:it it he comltination of
cllt:titrig 


. zart roltlnf . " 
nIgt-a' ' r ihbll height; the reverse waslotigir "otting tllti' vi 

it' - ,c ' .:it, o cl regrew veryfound. ithi;ii .~ i, to ' 

slowly 
 after many oF it f:oulr;g tim. hail teon cut off. At 

Zi h ai tOlIP',Ia dc ns! sward of 
freril~nt 1a','cuttnil(, ; 

?nt cutItritg inhibitetI stem forma
ranii z;hrti ' ;htoot;. lF'tri' 

tLion 	and r;trotg ' ' ! timititt t111 rrtlg of 9 i, .
 

Its 10'' cgrowth hahit 
 and ita ilo'.w recovery after many of 

:i1g 10', o cut rIeati that . '1, cr: is a 

poi'; i.n tha talier qraf ; crops in hayfields. 
it t if'o r itlt'; tv lt off 

i''1 cotlptiti'i to' 


In 0 ill lar! part-itio ; in the eed
 

Iayor of } - 5 cm (i00 seedts por m)
lkof t upprer soi 
thisa species carl 

whi I;I luI t't it.:;tve growath rate 

occulri in


''iy'/coloil:it' open patich''; in .1- awitl !. 


a !-rip' ,tt ri.'aty of growth tarh' ; in pa:;ttr,!' and callbe raason

toe cuts. At fregu(ni low cutting,
 

,' int .WrtS, -"7 z ? ? tforms a rlonse sward of shorei, compact,
 

anid hehtavts Like ,aper-otia Isopecies.
 

, ly 	product:i.veat :titcco 

leafy ohoot; 

Poa annua, 	Lolium perenne, fertilization, cutting

Vey words: 


frequency, cutting height, shoot morphology.
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9-5-1 Yield of Mixtures Containing Local Ecotypes
 
or Cultivars in Response to Nitrogen Applications 

P. 	 Boeker and W. Opitz von Boberfeld 
University of Bonn, West Germany 

General observations on permanent grassland paddocks which were 
used as pastures with occasional cuts have shown that with higher
intensity of malagement mcd fertiliziation the sward density decreases. 
This is especially true for swh;l'dcomposed of local ecotypes in
 
comparison with those e-tablished from sown cultivars.
 

'To invosti gat, thuis problem on the research farm Rengen/Eifel,

altitude 480 m, .nual lprecipitation 810 IriaIi, Iean annual temperatore

7.6°C, a trial wa; carried out during 1974-1980 in the form of a
 
Latin square with 4 replications on a swaid of tie! type Lolio-

CyiosuretUMs, ',ibassociaiton of Ranunculus 
 bulbosus facies of Loliun
 
pC-renne. Bes ides the f,c tor years with 
6 leve ls, 	 it contained thefactor sward with leve.s ecotypes and cultivar.; and the factor 
nitrogen-fertilization with levels 10, 40, 70 and 100 kg N/ha per
grazing. All plots received the same amount of 10C kg/ha P,05 and 
200 k,/ha K2)(per year. The -cotypes to be compared belongid to the

above-rientioned plant association. 
 The cultivars were part of tihe 
fol lowing mixture: Loliusi perenne NFC;, Barenza, Vigor with 5 kg/ha
each, Festuca pratensis Cosmos 8 kg/ha, Phleum pratense Ph i lewieola 
3 kg/ha, l'oa pritensis Union 3 kg/ha, F,c.tuca rubra rubra Roland 
:2.kg/ha, Trifolium rj.pens NI"G-G;igant 2 k/h. Dur ing th/l. vcgeta-
Lion periods Lhere were 4 gr.,zingi each year. 

In the first year after sowing, the Tixiiture of cultivrs wassuiperior to the mixture of ecotypes, the old natiral sward, in the 
moean by 1,098 kg/ha igi irrespective of the rate of nitro-en applied.
in the course of the trial this superiority was shown only at the 
nitro'en rate ot 70 kg/ha per grazin witih 699 kg/ha PM. All other 
diffcrencer; betwen-c)Otypes and cult ivars were not significant 
oilthe bas5is of , = 0.05. 

As resons for tile differeIIce; in the first year, tile effects 
Of Iinilnerrlli::tidlo proces;se.s following cultivation of the soil pre
c, dinli, sowing may be ment i0ed. The ob.snervation that only atth 

th 
 71 k,/lt:, nitro en level arr there later significant higher
yieli; of the cultivar.; in compariscon with the ecotypes, carn be 
attribulted to s;till s;ufficient sward densities on tlese plots and 
to the bertter adaption of thle cultivars to higher rater; of nitrogen. 

Key words: 	 ecotype-mixtures, cultivar-mlixtures, Lolio-Cynosuretum, 
nitro,;en fertilization, dry-matter yield, sward density. 
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9-5-2 Effects of Site Variables and Annual Top-Dressing 

on Forage Yields of Ozark Rangelands 

Ardell J. Bjugstad and George E. Probasco 

FS Research-S)A, Rocky Mountain Forest 

and Range Experiment Station, U.S.A. 

shown
Research and 	 management in the Missouri Ozarks have 

on wooded land can be increased by eliminating
forage production 

to
woody plants to reduce competition, by 	 artIfical seeding 

to increase soil nutrients;
change composition. and by fertilizing 

however, production of forage varied drastically between different 

sites and declined drastically after 	a 2-year peri ol of growth.
 

reiative importance of site

These results; led 'e; to question the 


in controllin, production. 
 Our 
characteristics and management 

were to determine productionobjectives in the present study 
(Festuca arundinaceat:ends of annually top-dressed tall fescue 


previousi. occupied 1y oak-hickory
Schreb.) stands on areas 


forests and to evaluate a number of topographic and soil
 

which could be important in the productivity of

characteristics 
these lands. 

of aspect, slope, and positionPlots ,;lested on the basis 
2, 4, 5-T at a 

on Slope were aerially sprayed in mid-.hne with 


rate of 5.4 ki1orars; acid equivalent in a mixture of 32.6 
 liters 

of water and 9.5 liters of di,sel oil per hlectare. Plots were 

burned in liae tAugust , seeded with ta .ll fescue in early September 

pure live seed per hectare, fertilizedat the rate 	 of 18 kilograms 

accorling to soil test immedi.ately after seedtIo,, and top-dressed 

to "';oil test" annually in March for the 5- ,*a study period with 

vear when no fertilizer was applied. 

P'lots wert' grazed ch yeatr In1November until stubble 

height was5 redlce! to 7 colltililletet;. 

l)escriptivI hg-rII:t'r st!ci of ;OiIs; Includ d such items as 

surface rock, penc,-nt. roc(ik in the A horizon, percent 

the exception of the fourth 

percent 

rock In the II hoirzon.
 

Production daLt,i vr obtained 
 usis, the double-sampling 

metled illLIatLt' i e ,ild lAt' ()0tolber eWach :,*ear. 

M'ean fe!;ue urFodno'ft(,1.'0; 3'98 k. lo,rams/lhectare over tie 

rock, thickness of5-vo;,r ;tulop,' perlmll. .;1o1, :i rurf 	 the Al 
1,egativelyhori.z n, and 	 percent cl ,'in the B horizoo were all 

related to mean lrcduction. Slope og,lth, thickness of the A 

horizon, and ava'Lal'le ;oil water In the {1hori;zon were 

po;itively related t) 1710,11pr0sllt!Lo . 

'lop-dre;sinv; miinta ind hish -- ibldsi o'v r the 5-year period 

:ld ; ' r t' .t1 dill.rte , i;ociit',d with different 

thu '.;ir th . top-1 wa,:;not practicelt, yield;ispect:S. In 


of tall t,oel droppd 
 1700( !,i gral,;; per hset ire, although 

t . ldt')')' the f.fth year 

lv a tho e, 3 ye;irS 
precipit;at liii, 5 ' )i t It l)rilhl'l', 

I toi s:;, th; fir;t of 

tileStiT.. Tlhi i IIii I'Ltt-;, ] planned lliti i z;r program 

tl ii -har,itcteristics 

produced 'ild li-

in , ml ifl'un.i than ;ite 	 Inwits, 
forag,,e proluctl's on I.rI hill tan(,e nI 

Key words: 	 till f,,,;uc, ,stuica :.rundincea ',chreb.
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95-3 Dry MaLter Yields and Chemical Composition ofjz. 
r s in Panama''4 ~Ary ::;lV Tr L;l2ss '~~j 

C. M. Ortega and C. Samudio,.
IDIAP, Province of Chiriqui', Panamna 

I aniamn, on ly a few pasture species, I ave been evalu~ated in 
t:<eL'I
'of dymatters yields''and~chemical composition undert dif ferentK 
tK
 

:
utig.ntervals, cutting heights and-fertilizer regis. The
 
objectiv~es were 	to determine thedry matter yieldsj'd chemical 'comp~osicion of the grasses Tgner (iBrachiaria radicans, Napper.), Hemarthria 
(Hmrhi altissima cv. 299995 (Poir) Stapf et Hubbard), African 
stargrass cv. RIhodesia 171' (Cynodon plectostachyus (K. Schiumi)l'ilg),:

Nandi (Seiarin spjacelata (Schumach) Stapf~and Hubbard), Coast Cross
 

uHybri'l (2y~n o L73TTransvala (Digitairia sp.), Einb (Panicum

maximum, Jacq.7 and Ruzi (B3rachiaria ruziziensis, Ger~main et Everard).

Cutting intervals every. 3, 6 and 9,weeks were imposed on all,
 
. .. Iia
the grasses, in 'randomized block design with, factorial treatments'
 

and -unifornm fertilizaitio6n. Plots were harvested from October 1975
 
'rito October 1977'""- 7 ><: 

:African stargrass, Coast Cross Hlybrid l and Transvala were cut'
~ at a height of 10cmn.', while the rest of the grasses were,'cut at a':,
 
Sheight 
 of 15 cm,. -ln nll cu'ts, green forage samples weetkni
 

7,order- to -dtrie-r-mte -rue-r 

~and magnesium contents.
 

Therewere~significant (P=.Oi) differences in dry'imac'ter, yields
 

- , 	 ei -p'spf 

and chemical composition between species, between seasons and 'between
 
cutting intevals. Embu,'Nandi and Ruzi produced 01C highest mean~
 
dry matter yields per year (9.41, 8.85 and'8.46 t/ha, respectively))

and Hlemarthria theclowest yield (2.73 t/ha/yr).


Dry, matter yields for the 6-week and 9-week cutting intervals 
were similar, but both'were significantly (P=.0l) higher 'than for the3-week cutting interval. All the species produced more than'80%
 
of, their total'dry matter yield in the rainy season.
 

' Dry matter and magnesium contents were not significantly (P=.01)
7different between seasons, while crude protein and phosphorus wer 
higher (P=.O1) inthe rainy than in the dry season, and calcium was
 
significantly (P=.Ol) higher in the dry season. 


It is .concluded that these species should be harvested 
-

at 3 to
6'week regrowth 	'intervals. However, it should be added' that' the
 
nutritive value 	tends 
to decrease as the cutting interva~. increaos
 
from 3 to 6 weeks. 
 , 

S Key words: 	 Panama, tropical grasses, cutting intervals, chemical
 
composition.
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9-5-4 Regrowth of Coloniao Grass (:anicum maximum Jacq.) 

Under Different Nitrogen Levels, Frequencies, 

and Heights of Cuttings 

Nilza Mecelis and Vanildo Favoretto 

Instituto de Zootechnia, Nova Odessa, Brasil
 

was carried out at the "campus" of Faculdade
A field experiment 

de Ciencins Agrarias e Veterinarias - UNESP - at Jaboticabal, SP, 
ability of 

Brasil. The main objective was to evaluate the regrowth 

under different cutting systems.
Coloniao gras:; (Panicnif maximum Jacq.) 

with 3 replica-
The statistical dieign was a randomized block 

in a complete factorial
tions, and the treatments were arranged 

were two levels of nitrogen fertilizer
scheme. The treatments 

(50 and 100 kg N/ha), two cutting interval: (28 and 42 (lays) and two 

cutting heights above ground level (15 and 30 cm). 

The following parameters were analyzed: dry matter yield and 

of crude fiber and protein, number of tillers per area 

after each cut, regrowth ability (measured 	 as dry matter yield,
 
area index remaining after
 

its content 

21 days after cutting treatments) and leaf 

the harvest.
 
The yields were always higher in the cuts carried out at 30 cm
 

no matter 	which intervals were adopted (1,150 

days interval , respctively). 
aL.:ve soil surface, 

and 2 223 kg/ha for 2 ; and 42 

ab lity was higher when cut'; were performed at
The rogrowth 

cutting heights (876 and 631 kg/ha
lon,,er intervals and ,t lower 

no differeces 
at 15 and 30 cm, respe,:tively). At 28-day intervals 

were found. 
The higher values f1r number of tillers per area were obtained 

le igh t aid more frequent har-'.sts (539 and 	 200 
in the lower ct tin, 


2 '10 cm above ground, icspec
tillers/i for the plants cut at I-) .ei 


tively).
 
area index left after the harvestsData of the rim inaing le.af 

when were more frequent.
showed significant differences only cuts 


and 1.59 the and 30 cm
for 15 cutting
The obse-vod values were 1.24 


he iglh ts , eSpect ive ly.
 

The leaf area index was correlated to regro.dth intensity
 

ond to tiller density (r=0.5876) at 28 day cutting
(r=0.5370) 

intervals.
 

by the nitrogen fertilizerobtained were not influencedResults 

levels.
 

Key words: nitrogen, cutting height, cutting interval, yield,
 

Coloniao grass. 
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9-6-1 Si lage Corn Cul t iva t ion On Degraded I'as ture
 
by M eans of Miin imi, T i we
 

Takuia C enna 
Obih i ro Un ivors itv of Ar iu Iltur anI Veter i nary Medic ine 

.Japa1 

The purpose of ths study was to inveStigate the possibility of
 
silage corn cultivation by 
 means of minimum tillage for renovat:ing
 
degraded pasture In Iokkaido, Japan.
 

Corn (Waselioma re: a leading variety 
 for silage in Hokkaido) was
 
planted on the experimentall farm Of the 
 Oh iiiro University of
 
Agricul ture andi Veteri nary Medicine under the condi t ion of no-,

strip and convent [onal t ill age (p1 ant 
 densIty: 75 x 25cm, fert>ilizer: 
N : P205 : K20 - 120 : 150 : 100kg/ha, planting date: May 23, 1978,
herbicides: 5%, EPTC andl0kg 47.5Z atrazine 2kg/ha, 4 replicates).

Dry matter yield decleas,;ed in no-ti I lage plot as compared to
 
strip an( cnvrnvtional ti loage 
 plots,, but there was no significant

difference between the strip 
and conventional. t lge plot;

statIstically. ', of vacant 
 hi Ii., in no-til lage plet was less than
 
strip and :onvewtional 
 ti llage plots, though % of lodging in no
ti I lage plot was increased. Fresh and dry weight of weeds were 
decreased as the increase in tillage intensity. Comparative light

intensity at 
 the ground level was decreased n no-ti llage plot owing
to the growth of weeds. S,,il comipaction was ;:Imost similar among 
these treatments. 

Silage cori cultivation by means of strip tillage instead of the 
plough-plant method was thought to ie applicable for renovating the 
degraded pasture lokkaidoIn with the use of effective herbicides. 
It Is advantageous for saving tillage Intensity and maintaining the 
forage yield and also it is tiseful for soil improvement and weed 
control.
 

Key words: silage corn, Ze n ys L., degraded posture, minimum 
tillage. 
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3' 1 W 'V 

fIncreased Use3.of Southern l'iedmontVLand ~ 976-2 
r- and Olmt~eitrces by Ine'e~d' 

GaninDormant Coastal 13ermudag ass9 

~ USDA: SEA AR, Southast 'Area''South'ern Piedniont 
' Conservation Research Cen'ter 

of experiments was conduct'ed to assess theIpotent ial ' 

jof~ilnersee'ding small grains by no-till. methods ,indormant Coastal 
~bermudagras s'(Cynodon datylon L.,Pers.)3 sod for forage, silage, 

'<~'~"'A.Series 

ganor beef production., Ths exp r grsaln. evaluated nitrogen 
N),fertilizer requiremen ts for forageorgan
'',<ha(Triticumaestivum L.)I da interseeded in Coastal ber

(CBG) sod and harvested for grain or silage.~ Grain yields 

of 1695 kg/h~awere obtained, but the yield of CBO was reduced 14%.,
 
'" Silage yields of 6.7. tons/ha resultedin a 5% reduction in CEO yield.
 

Whether harv~estd for grain or silage, 90 kg N/ha/yr was required.
 
The N requiremient for tall fescue (Festuca arundinacca Schreb.), 


'mudatrass 

S

or rye (Secale cereale .),intcrseeded in dormant CEO for 90% of
 
~jjmaximuma yield ias similar at 166 anid 175 kg N/ha~while that of rye
 

aerially sown in soybeats at 10% leafdrop' of soybeans was appreciably
 

In eachi of 5 years, rye was no-till intersee e in e 1iV-fto
 
1.7 	ha dormant CEO fields in late October or early November and com

paredI to tall fescue or rye after soyeans.' Nitrogen was applied to
 
t(ach field in a split application applied in mid-November and in
 
late January. jApplications totalled 100, 134, and 90 kg N ha/yr in
 

~ ,397,\,l93,.and 1974-76, respectively. Each 1.7 ha pasture was 
~§-s'oc!,ed With :7 steers for 140 days from early January through late 

May.' Tln, steers received no supplemental feed or hay. The average 
quantity of. dry matter (DM) available for consumption during the 
140-day grazing period was 1568 kg tall fescue/hia/yr1 1001 kg CEG+ 
rye/ha/yr, (214 kg rye/ha/yr) and 268 kg rye/ha/yr for the fir~st 105 
days followed by 780 kg tall fescue/ha/yr for the final 35 days of 
the rye-following-soybeans treatment. Total steer gains/ha (5-year 
average) were 202 kg for tall fescue, 320 kg for rye interseedpd i 

i~ 	 dormant CIIG for. 140 iay, and 257 kg for rye grazed 105 d~ays followed 
by 35 days of tall fescue. 

Small grains interseeded in dormant CEO sods were shown to be
 

capable of producing 3000 to 4000 kg DM/ha/yr rye grazing, or 16952
 
k~~ 6.7 tons wheat silage DM/ha, or 320 kg beef
g wheat grain, or 

gain/ha/yr over a 140-day grazing period. 'This steer gain was 58%
 
better than steer gains on tall fesc ,over the same 5-year period.
 
Interseeding small grains for forage, grain, or beef production in
 
dormant CEO-can effectively increase the use of land and climatic
 
resources, as well as add flexibility to. agricultural systems in the
 
Southern Piedmont while enhancing sail and water conservation.
 
Key words: Coastal bermudagrass, Cynodon dactylon L. Pers., Secale
 

, . ereale, beef cattle, interseeding, tall fescue, IFestuca 
arundinacen. Schreb., Triticum aestivum L. 
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9-6-3 tablishamenLof Alfalfa Cultivars with OaL and 
Wheat Companion Crops 

.K. 0C. e- fe) UC. N arnefn OE.Strand, 4AW. ELscien, N. M.artin,' 'andRL honsn 
University of Minnesota, U.S.A 

4)_and

Y'wheat (Triticum aestivum L.) are usedas companion~cropsv for alfalfa
 

mpall grains such as oats (Avena sativa L. less frequently
 

(Medicao sativa L. establishment;Small grainVcultivars are often
seetdascompanion crops according to the level of grain 'pro

.duction and not on the basis of comnpatibility with legume seed-

Slings~ 
 Our, objective wassto evaluate the suitability of diverse. 
oat and wheat cultivars as companincrops for alfalfa.
 

In,ExeietI studies were coniducted at tw~o locations inwhich
~Agate' and .'Saranac',alfalfa were e2stabl ished with and without (check)';<

iapreplantincorporated herbicide and with 'Era(semidwarflate
 

f(talllate maturing) and 'Stout' (shbrco earlymaturing) oatsas 
companio crops. Dry matter yields were measured'for small grainsLwhe hrstedK forforage (soft dough) ardgrainduring the. estab

lishentyar~ andaforalfalfa at 1/10bloom inthe establishmentvand 

cultivars and small grain crops, several alfalfa culivarsof varying
winterhardiness were established with Stout ats and ra wheat (Ex-a 
periment 1i). Oat and wheat.grain yields were measured. 

In Experiment 1, Froker oats had the lowestand Erawheatt hea 
highestforage dry matter yields at both locations. Cultivar yields
within small grain species were not significantly different. Forage
yiel ds for herbicide and check treatments were significantly lower j
than for small grain treatments. Weeds comprised 60% of the check 
plot yields, but less than 5% of the forage yields from small grain
plots.. The year following establishment there were no rczidual treat
ment effects on alfalfa yields at location 1. However, at location
 

t2, 


......edi........---ToS gea ute- thenrantrci vet~ed for'fal
-gfurater h, 

yields fromherbicide plots were greater than those establietd
 
witha corinoanion crop, and yields from companion crop plots harveste
 
for forag, were significantly greater than those harvested for' grain.

A significint alfalfa cultivar x small grain cultivar interaction 
occurred. Saranacalfalfa had greater dry matter yields when estab
lished with Froker oats than with Stout oats or Waldron wheat. ,Agate

alfalfa yields were greatest when established with Waldron wheat.
 
InExperiment 11, grain yields were greatest when oats and wheat
 

were grown with 'Ramsey' alfalfa. Oats grown with '520' alfalfa had a

significantly lower yield than when grown with Ramsey, while wheat.

yield was significantly lower with 'Weevlchek,' 'WL 318' and 'DuPuits.'
 

Our results indicate that wheat and oat cultivars may be selected
 o rovide high forage yields. Establishment method may influence

subsequent year alfalfa yields. Negative interactions of alfalfa

cultivars with small grain cultivars in some environments suggest

that some type of interference may occur. When seeding alfalfa with
 
a small grain companion crop, itmay be necessary to select small
grain cultivars for broad-based compatibility with alfalfa cultivars. ' 

Key words: 	Meiciao sativa L.establishment, Avena sativa L.and
 
Ti Tii estvum L. companion cro-ps, Comp'etition.
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1'rsowing1/vdrat io 1I/I 	 I\Vd rat i on a I; a Sed9-6-4 TlreatLm, I,: PIhyVs i )ology' an, Ap p Ii a t i O 

W4. N. iiushi, P. II. ivs, md I.P iu. 

) iv is io n olf PI ant Indus try CSI R), Au sta I i I 

in I.iuch seeds are 
Presowing hydration/dehydrat ion treatments, 

back to their or ,i nal weight before 
partially hydrated and then dried 

synchronous
sowing, have been claimed to result in earlier and woe 

the rnge of conditionsemergence, to broadengermination 	 and seedling 
enhance seed iling 'vigour', and 

under which 	 germination will occur, to 
these putative

seedl ings to enviroumental St ress. I):; pi e 
to 'harden' 

has not become part of agricultural
advantages, seed protrea.I.ment 

for this lack of 
practice in 	 Australia. To understand the reasons 

we have assessed the physiological benefits and problems
applleation 

as they apply to pasture grasses,treatmentsof hydration/dehydration 

in particular to annual ryegrass (Lol[unm rigidm Gaudin). 

the speed of germination
We found that pretreatment increased 

w, in a more advanced devel
embryos of pretreated seeds 

were those of control secds. Furtherbecause the 

opmental stage at sowing than 
of seeds was increased if hydrati on/dehydration 

more, the germinability 
conditiono, but foundwe 

coincided with exposure to dormancy breakiing 
made in favour of seed 

no evidence to :;upport the other claims pre

treatment. 
of pasture grasses

Major problems in prctreating large quanaities 

but because the benefits of pretreatlent are lost 
are not anticipated, 

or to very dry conditions,seeds to high temperaturesafter !xposure of 

the storage of pretreated seeds may be a problem. In addition tihe 

temperatures mayof pretreated seeds to high 

use in some places. Never theless, pretreatment could
unfavourabLe response 

preclude tiheir 
that germinate slowly are to be 

be a useful practice where species 

estabiished in cool environments that dry rapidly after rain. For 

of annual r-egrass seedlingo was increased
examplet, utablishmllent 


1 77, by use of pretreated seeds in conditions chosen to
 
from "207 to 

those Ilikelv to prevaLiL during the establishment of surface
simulate 


regions of Australia.
 sown seeds in winter-rainfall 

Kv words : ryegr;;!;, lo Iiu, pI rne L Ilium rig idum, Pha ar is
 

Ca , eel re toth' , gerin1 atloll,
aquaiti pre;Sow I l,, tt'ijt set 

Ur 1.ace-sowimug, pas tur, stahl i sh n. 
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9-7-I tlaximum Production from Irrigated Rhodes Crass and
 
Gre,!n Panic in a Mediterranean Environment
 

A. l)ovrat i and T. Kipnis

'reHebrew University and lnsti tute Crops,
of Fiold Israel 

Aspects of the production potential of Rhodes grass (Chloris
Runth) aid greeng uyana panic (Pal Incumsaximu var. trichoglume) as

roughage for hiigh-grade dairy cattle when land and water resources 
are limited are desc ribed . ResultS fott1i1 Somlle 10 years of research
 
are llighlii ,hted.
 

The heightt of the Canopy to which grasses should he allowed to
 
regrow for ItlaxiMLIi production is above the height which can be
 
utilized e fficietntly 
when harvested in situ by cattle. MechaniCal 
harvesting and indoor feeding provided 20-25% more digestible dry
Matter per unit area of land (with a parallel increase in water use
 
efficiency), compared 
 with strip grazing, almost without affecting

the level of iliikplroduction. The efficiency of 
a single applicationof N fertilizer after cuitting .;hArpty dec reased thewhen interval 
ht,.'wee irrigations was long, ipparently due to leachil lbelow the
relatively shallow root Frequentsystem. irrigation and nitrogen
application 'esut I ted illopti muilMuptake of nitrogjerl 'Ind hiigih sustained
yield:S dirinig th, season anidover the years. Sewage effltuent 
(containing aboi. SO ppt N) is ;inexcellent source of water and of 
pl ait liut 'ietlts. 

The rate of initial regrowth after cutting was inversely rela ted 
to the lenugrth of the period before cuttinlg, particularly during
steir eloitat ion and flowering, which is promtoted by high temperature.
Relatively long cuttig intervals in spring are lermissible and

resuil t ill t igi dry-mto ter 
yields of relatively i1igh digestibility.
Dutirillig suimmei, shorter cutting intervals are necessary iii order to
obta inlcoMJparatI vI ield- o:" di,.estible nutrients. Yields of 25 and 
35 t dw ha-I seasOil of Rhodes grass and green panic, respectively,
 
were recorded frosi counterc ial 
 fields. In vitro digestibility of
 
green panic was applroximately 10 percenit hiher than of Rhodes grass.
 

Key words: Rhod-es grass, Chloris gayana Kinth, green panic, Panicum
 
maximum var. trichoglute , fertilization, cutting, 
digestibility, dairy cattle. 
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9-7-2 -Groiwth and Productiotyhof Italian U e
 

-n comparison 
 with 6ersee 
Mediterranean irrigated Conditiolns 


Ameziane El Hassani I~yeb
 

S Hassan 2nd Thatitute of Agronomy, and Vet ,rinary Medicine, Morocco,
 

introduction of Italian ryegrass(Lolium 
multiflorum L.,
 

T 
(Trifoliu malexndrium, local
 

cv Avance) as a complement to berseen 


in the irrigated area of the Gharb (North of Morocco) is
 
?ecotype) 


For two sowing dates we established (1) the weekly growth
presented.


of the plant and (2) the effect of two cutting systems on dry 
curves 


'~matter production and chemical composition.
 

Establishing growth curves , 3 years, and cutting system, 1 year, 


carried--out on a heavy soil (60% clay) and during concentrated
 
was 	 Two 70mm/ha

rainfallbetween October and April (about 700mm/year). 

September
the first at the sowing date inirrigations were applied, 
" Because of the rainfall irregularity another 

a the in May.
second
 fertilized with
in winter. 	 Soil was 
irrigation may have been applied 


150 and l0Okg/ha Of P205 and K20, respectively. Nitrogen application 
the tillerwas distributed 	as 60kg/ha at 
amounted to 300kg N/ha and 


ing stage and 60kg N/ha/cut for 4 cuts.
 : 
es t a b l i s hme nt	 The experimental design included 

d Ech- b~l.c- wed into
, blockswith 4 1 p icat io ns . enw 

A cycle represented
to the 4 cycles studied.4 pieces corresponding 
date to the 	first cut or between two

from the sowinga growth period 9 weekly
The S-curve of every cycle was built from 

successive cuts. 


measurements of dry matter production 
from random samples of 3x2m2.
 

determined.

Chemical composition of dry samples was 


Two frequencies 	of cutting,(a high
Cutting system study: 


frequency, 4-5 week interval, and a low 
frequency, 6-7 week interval)
 

and four final harvesting dates of cuuting in winter (D1=22 Feb.,
 
tested in 5 blocks. Each
April) were
! .D2=8 March, D =22 March, D4=5 

2 corresponding to 8 treat
block was divided into 8 pieces of 15xlOm

ments totally randomized. A treatment was rhythm of cutting x last 

measured in the
 cutting. The dry matter yield was 
harvest date of 	 2
 . Chemical 	composition was
rdconndhg
central part of" the piece, using 6x4m

.::analysed' .
 

The September sowing resulted in high production and high
 

and 13,000 FU/ha and 2,100kg
to 18 tons D/haS -nutritive value, up 
varied from 	 70kg PM/ha/dayremained high andDCP/ha. Thd growth rate 

180kg DM/ha/day 	in the spring
the winter vegetative growth to 

a 40%in 	

early sowing (September 22) showed 
reproductive period. The 

High frequency
later sowing (November 24th).
superiority 	over the 

favored the 	yield in DCP while low fre eency favored yield


of cutting 
 impor-

A last cutting date earlier in March allowed 

an 

in DM and FU. 


silage or hay making. Under the
 
tant fodder 	reserve for storage as 


Italian ryegrass shows a long pre-earing period,
North Africa climate, 
 a green fodder.
 
which makes this plant particularly interesting as 


showed a slightly higher yield for 
The ryegrass-berseem comparison 

the graminae, the two species remaining very 
productive. Ryegrass
 

was more resistant to submersion than berseem and could be preserved
 

easier.
 
Key words: 	 Lolium multiflorum, Trifolium alexandrium, sowing date,
 

cutting date, yield.
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ter in9 '~ L~. Regime Flooded trass sc6n4s 

B. 1. Korotkov . 's}'i 2i'% ;?
All-Union Williams Fodderiu earchmnstitute, UssR 

To studywater regime of gras standt e 
-:''aimaotherf th Wa .terU.balance,lysimetric equipment was

used, throughout the year. In medium loam soil 
to allow obs ration 


monoliths, the 
groi(1 wternlevel was maintained 
 'at150 to 200 Cm
 
Iisteda of, broegrass,t'.esow and timothy.meadow fescue 

Under ope tmal nMtrition levels the time of irrigation was set as 
'moisture 'deficit, equal to .5.m Coefficient of representivity of
 

field and lysimetricO'fnditiojis amounted to 1.06.er
 
t 2Average,forg.ears; noi;sture requirements ofhighly productive...

(9-10 teof dr-ma;'ord/ha) gr2ss stands, under high rates of fertili

isingin dry vdgetative prriods to 554.6 mmand decreasing in moist~and cold periods ito 455.4,mm. When ground Water was nearer the 
surface than 1.5 m waterusage dropped by 2 to 14%. Maximum water
 
consumption peryear was 
qual to 636.7 mm; for vegetative period

526.6 mm; for regrowth, h0
nl mm;' for decade, 91.0 mm; for day and
 
'night, 9.1 mm; and for hour ,
0.38 mm. Waterusage during periods of
 

were two maxima, the.firs'during the' springreow nnd the secondcoinciding 'with the third and fou rth regrowths. I'j~moisturerequirements coincide.d with tillering and formatiu., 
 new growth
buds.
 

Soil moisture resevs eemndwt 
h~etu.mitr
meter within the' zone ofserves wdeermtion, ed ihare by~eoistur
 
ration higher 
 rates in plots with deep ground w oatsr. The most 

acieevaporation was from the 0-60 cm layer with average moisturelees(19-20% losses). 
Of the total water consumption by the meadow g stands,
'rass 


ground water was essential, affected by depth of their
swa~irdt- r~ egh prcede -iregl r ly -even layers and,averaged from 34 io.,_heeto 44%. Under irrigation, the ascending moisture

flow decreased. -Maximum of this. process was 
typical for dry vege
tative periods in th'eunirrigated plots with depth of'ground water

J.5 m and amounted to 227.4 mm: for year, 256.8 mm; for regrowth
~period, 78.6 mim;for decade, 37.2 mm; 
for day and night, 4.2 mm; and
 ,r hour, 0.18 mm. Distillation of'ground' moisture progressed in

cid wirter with little 
snow at rates up to 26.4 mm. '3
On open-textured soils, 
with' uniform density (2.68-2.7-1 g/cm
and high porosity (49-54%),' essential filtration of precipitation

ito ground water took place,' especially to 1.5 m depth. Even in
dry vegetative periods, infiltration of irrigated water and precip

itations was 91.6 mm, increasing in moist periods to 365.8 mm which
greatly exceeded the ascending flow of moisture. Intensity of the
 process in spring can be 7.7 mm/hr. Precipitation was infiltrated
by 1.5-3 times less to the 2 m depth. In irrigated plots, filtration
ability of the soil increased and water permeability intensified as
 
soil temperature rose.
 
Key words: 
 water, use, evaporation, filtration, temperature, irri

gation, water balance.
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of Forage Plants Under 
Sprinkling Irrigation9-7-4 Effect ive ((;R)in the Cerrtnn Democratic Republic

Site conditionsDifferent 

G. Schalltz, and W. Henkel
W. Breunig, K. Richter, 

Ilumbol dt-~n iver.i tat zo Berlin, (GDI)R) 

are prima-
Stability and continuity of fora-e production 

rily dependent upon the actual water supply and the level 

Jistribution of nitrogen applications. Under the site 
and 

the GDR, almost in any year
anrt climatic conditions in 

certain spells when the natural water supply
there are 


the water needs of the forage plants,does not satiofy 
yield loss unless sprinkling irri

this leading to severe 
gation ir practiced.
 
9 sprinkling irrigation is very costly and water re

to make full use of all posources are limited, we have 


tentialities for achieving high yields 
and yield incre

water input at a minimum, i.e.
 ments while keeping the 

efficiency of the supplemen

for reaching a high overall 
tal water applied. 
The effect of nitrogen fertilization and sprinkling on 

level, continuity of production, and quality of 
the yield 
multi-cut forage plants under different 

site conditions 

was therefore examined in experiments. 

On all sites under re,riew sprinkling irrigation 
gave sig

',eld increments de
nificant increase of forage yields, 


irom sand to loess.
-creasinb with rising soil quality 
 DaotYto field grasses (Loliummultiflorum,With regard oetween_the s oil-borne yield differences 

offset.
diluvial and loess sites were 


Italian ryegrass (L. multiflorum) proved to be the most
 

field forage plant (17 t Dr,'/ha) under sprin
efficient second.
kling while red clover/grass mixtures ranked 

the need
 
Water utilization by forage plants improved 

as 


(die to soil or ';limatic condi
of sprinkling increased 

- 40 0 (productive values 
tions). Yield increment was 30 

on>20kg DM/mm sprinkling water) the diluvial sites
 
and 18 - 21 % on 
 loess.

(sandy and loamy soils) 
and crude protein conmatterEnergy concentration, dry 

of forage quality declined uncer 
tents as parampters 

the fibre conteirt increPsed
sprinkling, but crude . .

the degrees of variation differin; betw- en 
slightly, 
forage plant species and between sites.
 

obtained were imcedin': iy made
significant results 

farms for
The 
the cooperative farms and .tnte

available to 

The now serve as the basis 

crop production in the GDR. 
on the different

for selecting those forage plants that 

sites would give n'ximum and most reliable 
crop yields
 

for crop
under sprinkling i;2rigation. Recommendationn 

ping technology are given as well.
 
le'vel,


tio 
n , 1oliun, miltifltIr .m, yield 

Key words: sprink-lin' irrig 
field foragequantity , perennial

forage quality, forage 


plants.
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9-8-1 Ninimizing Disease 1)5505 in Forage Crops 
Ihr ough 1. naement 

F. I'. Loat~h 
USDA-SEA-AR, Reg I a t Ri "search Jal)oratorv, V.S.,. 

Diseases cause major losses In yield, quality, and stand lifeof forage crops. Strategies that are used to minimize such losses
Include the use of resi:stant varieties and crop management practices
that directly or indirectly affect diseases. Because -f the
perennial nature of both the crops and the diseases, there are manyopportunities to implement management strategies to reduce diseases.
implementation begins prior to the planting of the forage crop,

through the actual planting, and on through the production years.

Insect control, weed control, and fertility maintenance are examplesof crop management that also serve to minimize forage-crop lossesto disease. Certain crop management strategies, such as varietal

selection, seedbed preparation, and 
 seeding rate, are one-time
opportunities, and if they are not applied at the appropriate time,
disease losses may occur. Other management practices such asfertilization and insect control are recurrent. Failure to maintain
souind management practices, even for a short period, may result in 
sev 2e losses, .)eeause managing forage crop ;sdiseases basically
the n,.eutlu not eradicative. Many diseases are chronic in foragecroik;, taking a small toll over several years. It is the rate of

disease development that management affects. 
 The future will bring
an intensification of existing disease management strategies
because of increasing, economic and environmental limitations. Our
present system of managing forage crop diseases Is effective,
economical, and causes minimal disturbance to the environment, but
it can be improved. Research into pathogen biology and diseasedevelopment must be done before models for forage crop diseases can
he developed and integrated into master models of crop production. 

, 'y words: i soe maaglrs-nt , crop ma,'najeloimo t, diseaso-st ress 
interaction.
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of '111ld and Pe'orsistence
9-8-2 [Improvement
of La IanZ [y1 ( l., I n u lItir':l:.!1 I f Iorum) 

thI,' I ,} 1c t1rou I 'vg r1 

. t: oi~w it t , a Id [. .F ih-ld r!;(III
Thllr ; ,iI ',rcirII )-t itutInd R h 


Pl, t, I p ii- P i I i. S0 ; l .ti
n,,d I ti i , K 

were to exmnine ( i ) hether the increases inOur object ives 

the yield and perslstonce of Italian rycgrass varletios following 

frequent pest iciic appliction were related to a reduction In frit

fly larval poprulations and if so (il) whether the use of a non

icide woitl'l be a o::ioib | of reducing suchmhod
persisteii pes 

damage. 
the yield and per;is terCe ol normallyIn two fie ld expelrimnt, 

Zhurl- ]ived It l iall I-yo[gnasnol;l ( 1 iOll a l tIflorlll L..) were ;rvaL ly 

in. fr-quent doses o1 theiCre'e;0;d by lth :ppliciation (If ] :.

i'idetih ',oh lil lama! V;n.attriluted to ,nl ,;a 't- plOlnoto. 'if t 
la fri t).l tl, 'i- i' Ollplex (e lie!;cin1l0: '-,in i|. , idipt,rialn;0 

Ilii1 . o:l , t h.O,p, p!, . of 231 va r ct 1 ; of It ill al 

Vvery x(-) ,o!k; leftor
0o it 1ir t teI'df I , i plio t 

Li" ii nll yield in 
.VL i:';1:;o; 


111 l i: i('d. Vlritatill (I Iff r,u ,:oI ill r 111I 

10 1 iT'tiI n * d ox!lper ilLm Ilt 
lI'c l (o 1),"S li%0 i:;I:ll . Ilk ic)i po~l:l IIC ! d 

'il app I i . .ouIn ti ' 1,cca; I, li ,iI y ,lich year to 
ciloiipyr itw; 

c'oinI(Id(, aplprox im~lt.'Iv" w 1 11 th11 oV ip')stII)I) pi-,r (I;, ,,I f r it -f y, 

i tIv: letweell
I I lit I Ii 0 -O! r ,::!II )t , airvalm,,' lilo he, !:l I'n (ton " " 

i i( i' 1,, li f'l,[it O-u )tit tI l ', Ikit y l tivIi ior1:1t i ll 0t arval 

l :: t , a val 1null1:i wm, I toid t ) yie IdnitlI)t-l';ll1 t i I1 1, 

o ; I0 d l ppi ct t 1,l 11 h i 1 .;1 aI* oil y, ii1Fr iali(. flo IICIA i:ll it I i 1 i 

t ilish o lI(Il )is e 
'! i eii , w t i. V11I I 

t jht I lIii t r . I Ii i {er 'ns ' 

: 1 Idtil . ill ofC-llhi t i rdI :I-ii. 110i[IIlii troI Ir" I It 
Gle
oi" 1,.i(r1 ( 11 1 1)1 n:11, ¢]1 itlll '>! * ]'l" , 1t-d I th,' ll n, 


1 l 'iI !I Ili I roill';. 
l)tIt Iill[IIt ll I I t i l. I 1t 

1o i 
- i ll t ii 'l, 1 1 l ' ulI lf,'g I lvt-a , nrtllo !,' t ;
I t I t ,1 - , l i t ] (lXI 

i Ill :I('th r1( I' i 1l, lf Vttii i tiil ,iI l l i i ') ti yldoLill idi; i ' 1 

I 
l Ir I iu ui0 s i 't- 1i,1ilt'Ihr e i t-i i ii i' -Ii-I"keih. Ie , ; , 

h; li I)%.ooI ;iit I7ovpiy o /11:itiioiiii lll I Il'. rehl i nII I o 1tfri1tt tfIia1..101iiuI wit rul i ,z;0I-'i t '' o-igIlii 1win q 

rth ( t. ticidc tru1itm1i'ill
iliil lappear t ( Iili ed to yield 
ai,!d fswilrd lon!'t vi t,,. 'lhi! sugl{;tiss - t h'!it t!I- r : r(-' II),;!; li i t . .,
 
vinii'ii'o I 1o '11 1 li ' ter-; phel" in c1il, ili~t yo -(
ul i ( Ii i fri 


,o -I ;( y ld,I orve,(ll g pet IIf i(. l:I,". fo r fritI.-r'l , :I llW' inI(!r,' , 1 and 

mll)'Ip eI(k IS ; intei i -(t I to)k-r.<i C(c 2 iII thi , I I ll 1y ; 1) 1C uIIIf;e 

c.s i . elt i u ; t y'lltlinfre (IuteltI (Iose!; f non11- 1 4 11 1)(--s I to) yievId 

andl~ 
1)t'


i *i t 
eIle(


t' 

Key words: Italian ry|grass (Loliuliimultif orum L.), yield 

persistence, pest control, frit-fly (Ocirrelta frit).
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9-8-3 ~ Alfalfa InertdPs aagmn nKnuk 

~'-''' ~.C. M. ,Christensen, :''' ~. ~, University of Kentuck)y U.S.A. ~ -' ~~' 4 v 

aturky
'K
The alfalfa integrated pest inanagevrent program (IPX)~isK'4multi-disciplinar~y prga-rai' 
oinsure that4 the cooperating'j
fdrmers 'receive the'maximnum amount of, information necessary 
to make <
"Jtimely economic and environmentally sound pest management decisions.

Participating farmers organize county level 'non-profit corpor~ations that hire young people as "sci uts". to examin~e fields for pest

S problems. The farmers assess themselves anacegfetopvi.
"funds for the program. araefet ~ovd

"Scots"aretrained by University of Kentucky cooperative ex-'tension service fa'culty to properly' identify and report insect, weed
anid disease problems.. 
Fields are scouted unce a wo2ek throughout~ the
; grov'ing season. After each field 'visit 'thrifarmer receives a written
reotdtiigtieps 
iuto in that field.' The county~exten-d~
Ssian agent and/or IPM supervisor also receives a copy of 4the report.
K If an economnically important pest outbreak-is iumminent, 
the farmer K
~is alerted by, these personnel and a manage'ment roecommendation is made.--- h~lre mae-te-fnl eciino ipee itLin-f-"these recoin
uendations. 

The, alfalfa weevil and 'the potato leafhopper, the major insect
pests, 
are monitored by IPM scouts using a sequential sampling method.
Economic threSh olds for these insects have been developed that take 

'' 

into consideration climatic conditions, parasites and predator populations as well as cultural practices. Farmers using thle IPM program

have maintained high production levels while rdcn 
etcd s
age.Wedadeucn 
 petcd usWedaddisease problems are also monitored.' 
Herbicide controls are recommended for winter annual weeds. 
 Cultural practices

and varietal selections are used to combat'*disease problems.

'4'' The alfalfa IPM program also provides a soil test samplingservice. ~,Information on pest problems, varieties, cult'ural'prac-'
L~4
ices, and pesticide and fetlzruaeis computerized 'and used to'
K 
formulate seasonal summaries for farmers and county' extension per-.

sonnel,
 

The' alfalfa IPM program was initiateid in 1975 in county and
one
is currently. active in seventeen counties representing 835 ha. 
'The
pest sampling methods, economic thresholds and management techniquesutilized in' the program have been developed and adapted from state 
4' 

and' regional research programs. The federal extension service hasalso provided funds to help defray organizational 'expenses for firstyear projects. '. 

Key words:. 
alfalfa, alfalfa weevil, potato leafhopped,

integrated pest management..
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9-8-4 Ladino Clover Persistence as Affected
 
by Physical Management and Use of Pesticides
 

D. S. Chamblee, I.. T. Lucas, and W. V. Campbell 

North Carol',a State University, U.S.A. 

ladinoStand persistence is a major weakness of the widely used 

the United States. The objectivesc overs (Trifol ium epjis. L.) in 

of these studies were to determine the influence of physical manage
1 longevity of ladino clover meat practices and s-) 	ected pestici es on 

alone and in mixture with tall fescue (Festuca
stands. l.adino grown 

physical ranagementarundinacea Schreb.) was subjected to varying 

and spacing) an' insecticide and 
regimes ( clipping, prass density 

tests for 5 to 6 years. By the fall
fungicide applications In two 

of the third year, the percent clover present (average of two tests) 

check, the fungicide (F),
in the -.dino clover-tall fescue untreated 

'34, 50 and 7/4%, respectively.and F+I treatments was 12, 

es showed th: t physical management, per se, although
insecticIde (1), 
These studI 

short run will not provide long-l Ived ladino ec".'important in the 

stands, and that an envomological-patholglcal complex was large j 

less of stand and low productivity after the
responsible for the 

first two years.
 

Key words: Iodino clovr persistence, Trifolium repens 
L.,
 

pesticides on clover. 
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9-8-5 
 Control of Anthracnose of the Tropical Forage Legume
Stylosanthes capitata by Burning
 

Jillian H. Lenn' 
Centro Internacional de Agricultura Tropical, CIAT, Colombia
 

A'.though the value of burning in improving forage quality and
productivity is well known, there are few reports on effects of fire
on diseases of p sture plants. Burning is
a broad-spectrum control
against fungi, reducing above-ground pathogenic inoculum.
Stylosanthes capitata, a woody perennial legume, is well-adapted
to acid infertile soils, regenerates after burning and has great
forage potential. 
 In Brazil, however, many ecotypes are susceptible
to anthracnose, a damaging forage disease. 
 Lisease build-up in susceptible perennials isinevitable when inocult.m accumulates in foliage.
Many disease control measures are impractical and selection -ind breeding for resistance may take years. 
 The effect of burning on anthracnose of S. capitata was therefore evaluated as 
a temporary control
 
measure.
 

At the CIAT Research Station, Carimagua, Colombia, severely
anthracnosed stands of S. cakitata CIAT 1097 were cut arid burnt in
April 1979. Cut unbu-nt plots were used as 
controls. Dry weight and
anthracnose lesion number and size were
2 recorded each month from fiverandom 1600 cm samples per treatment. Half of each plot was cut andburnt again in April 1980 and the same measurements were made.

By August 1979, 
four months after burning, burnt plots out-yielded
unburnt plots. One afteryear burning, burnt plots had 602 less
anthracnose than unburnt 
plots. 
 Soil nitrogen content increased
after burning and the nitrogen content of regrowth from burnt plots


was higher than that from unburnt plots.

By November, 1980, plots burnt in April 1979 and those burnt in
both April 1979 and 1980 had 71.5'. and 75.2'. less anthracnose,


respectively, 
than unburnt plots. Regrowth from twice burnt plots
was, however, less than 
that from once burnt plots but not signifi
cantly so.
 

Burr ing is therefore proving a potentially successful temporary
control measure of anthracnose of S. capitata. 
 Results suggest that
biennil burning is of more value than annual bu-ning for the parti
cular forage-disease combination.
 

Key words: anthracr.se, tropical 
forage legume, Stylosanthes capitata,
 
burning.
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9-9-1 Potential Grass Production in Ireland 

A. J. Brereton
 
Ireland

The Agricultural institute, Johnstown Castle, 

can haveand between yearsweather geographically 
dependent

Variation in 
production systemson intensive animal a significant impact 

the effectundertaken to quantify 
on grass as feed. This work was 

objective was 
variations n production. The firstograss 

to radiation and temperature.of weather 
grass growth (uintitatively 

in sward growthto relate 
The relationsliip:l are obscured by large changes 

which are related to changes in the 
potential witlhiin the 	 season 

of the crop. Thlrefore, it was necessary to 
pliysiolog ical status 

quantify this physiological effect. 
production experiments and 

t a we re drawn from 
the nationalProduict ion d 

were drawn from the publishied records of
weather data 

meteorological network. 
ich relates grass accumulation to radi-

A model is presented 	 w 
use. The temperci f i citency of roI iat ion 

at ion received and to the 
in the model through 	 the measured 

ature effect is incorporated 

,ffct of temperature on 	 theifficiencv of roidiation use. A term 

to represent the pivsiological factor. 
is included in the model 


It is suggested that the phiysiological 
 "factor is responsible 
each ,ear and 

for a 60" decline in proluction potentia l in June of 


persists until 
 late )ecember.
that this lowor production potential 


is estimated 
 to be 12.5 tonnes/
Average annual production potential 


cause this total to
 
ho. Regional and year-to-year variation can 


reapectiwelv.
rise or fall by 137, and 15Z 

Key words: grass, radiation, temperature, seasonal growth,
 

potential production, regression. 
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9-9-2 Annual and Seasonal Productivity of Permanent and
 
Short-Term l'asturs Based 
 on Different 
Combinations of Species and Cultivars 

J.A. Lancashire and T.B. Lyons
Grassland; Division, 1)SIR, New Zealand 

Considerable rese arch information is va iilable on the perfor
mance of speci es and cu ltiv,ar; ,rown ilone or in simple mixtures 
but much less data has ben obtained on the more complex mixtures
 
which are generall, sown oil firms. 
 Furtlir, although New Zealand
 
grassland is still 
 large ly based on permanent pas tures, there is

little doubt that 
various combinations of shorter-lived species can 
p.rovide -,reater annual yields of dry matter. The advent of improveddirect dr i II oll techni(Lues Should reduce the cost of regular reno
vatiolI of these shorter termi pastures which 1h'|1 thell he able to
demonstrate real and sustainable econoric increases in grassland
 
productivity. In order 
 to test thins hypothess and also to comparea rae of po'rinanen t pa.;ture options a long eril grazing trial was
 
established in early 1977 on. , high 
 fert ility soil at Pa iners ton
 
.orth. buiriliy the firs: two 
 yeirs th highest annual vield (almost
16,000 kiici ) was obtained from meeh:uma term pasture based on Matua 
pi'airio ,rASs, anawa Ani, (;4708 hybrid ryegrasses and Pitln white 
covvr and Flawor a red clover. This mixture ouiLe(lded a pOrmanent

I),i. tr, baised or, Nu i pelonoiil ryelrAsn;, (;4708, Ilitati, Pawera end
 
C I cocksloot 
 by 10' over the two years. The Nui pasture was little
 
different from another 
 poranrient sward based On the older ciltivars
 
Roano i pI renni lI ryograns, l lnawa, fita 
 i tdill L over , Ila ia red

clovr and Apanni cock!; foot in 
 the fir' t yeair; but, it was 181'

superior in the !,,,cond ,'ar. 
 lhi ; cha , in relative productivity
 
wen., ma in I y the r, 
 ;,ill t of the, out ;tind ing, prowthi of Mallawa in tile

first y,']- 'hiclh was not ;"taincd in the, s;cond year of 1ie trial.

itw ,r, 
 b,5 th[ en, wi,-s ;Isbstar tiall-v outyielded an ultra simple
mixtur, ,: i ; itnh I;1 whit clover with rod clover being the main 
coi.triiutor to th, dif f.ron ce. Another int,,restin, mixture has been 
one which ,is; sown with 12 speciose nd ctillivars of various g rass,

ie''i~, 'Ild therb;. 
 "li, s.i;rd ha; becor. dominated by chicory which

cqntributel 
 nearly 2/3 of the annual yield in the second year. InI
 
som treAtment; durin,, the 
 third ndiil feuth years, the growth of red 
clover ii:; declin mael rkly while cock!;foot is more prominent par
tic rlIarly where Lbh, rye'gra ; component, e.g. Rnlil , has :eakened.
Oin th, other tail ryo;rass vi oir in the ;imple Nui/GlI8 mi,-ture is 

sueiilperior to the, otther pohrantlit pasturcs At'oarently as a resultof ;,vere competition from rod clover cxperi , ncs in the more -"m
ph- mixtures dirin)u the first two year; of the trial. 

1-y words: 	 mixed species , product ivi ty , permanent pastures, 
short-term pastures. 
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9-9-3 Seasonal Composition, Yield and Quality of 

the Autumn Feed Shortage,
Perennial Pastures, and 

Climatein an Australian Warm Temperate 

Craig J. Pearson, Choke Mikled and M.J.T. Norman 

University of Sidney
 

(Cf) and
in Australian warm temperate 


irrigated Mediterranean 

Perennial pastures 

(Cc) regions 	 are dominated by Paspalum 

in summer and by Lolium and or Pennisetum clandestinum 
sp- ing. There is always a shortage 

dilatatum 
Trifolium spp. in 	 winter and 


matter in autumn (March, April).
of digestible dry 

Experiments at Camden, Australia (lat. 34°S) since 1972 have 

summer product-vity of pastures
aimed to describe 	 and improve the 

currently used by farmers, and to overcome the aut'mn feed
 

aimed to (i) select higher-yielding perennial
shortage. We 

species composition by


grasses, (ii) advantageously manipulate 

or growth substances and (iii) evaluate
sod-sowing, heri)icides 


forages as standover 
 Ceeds for use in autumn.
 

K:ikuyu (Penni se tum clandestinum), bermudagrass (Cynodon
 

dactulon) and commnn pisoalum (Paspalum dilatatum) were grown in
 

potential dry matter productivity and 

when cut every six weeks through an eight 
metal trays to estabiish 

trends in disestibility 
dry matter yields of kikuyu,month (Trowino season. Above-grounct 


1 1.6, 13 and 11 tonne ha 
 an
berinud'iqrass 	and saspalum were 

and 6.0 tonne hadigictihle dry., matter yic ds wore 8.6, 7. 


wore oirown in the field

In a second expoeriment, the came grasFes 


and oversown, using a triple 
 disc sod-seedor, with lucerne 

Kikuu was again superior, nIrticularly in
(Wed icase aivi). 

autumn, ill dry mat ter production, competitiveness, digestibility 

(except Ia! in aIr) y summer) and misneral cantent (except 
11-16 tonne perthe second year were
calcium) . Lucerne yields in 


ha, depenginm on aomasies grass, with high mineral
 

conc:', rations I,1.3! nitrogan, 1.5. :ilcium).
 

A third exprimeit, sammpAing commarcially-grazed pastures 

qrazing, confirmed [hmehigher productivity of
before an after 

. it also showed 	that the kikuyu, which yielded 19.7 tonne ha 


autumn feed s}iort~ye resyited 
 in low daily 	animal intake of 8.2 

kc dry matter cow day . 

The autumn feed shortage was partially cvercome by changing 

of oats,the composition of perennial pasture throuch soO-sowin 


nitrogenous fertilizer or -pphication of herbicide in early
 

) did not changeautumn. Field-applied qrowth suhstances (A 3


pasture composition or increase autumn 
 productivity. 

may he grown for standover autumn
Alternativ.ely, summer forages 

tropical tallgrasses
feed. .Ctandover feed from a range of 

(Zea mays, Pennisetum americanum, P. amaricanim x P. purpureum, 

Sorghum s.) and a i .:umne (pigeon pea, Cajanus cajan) showed 

but pigeon pea was
the tropical talIgrafsses were of puor quality 

legumes required high
sati sfactory. However, both grasses and 


agronomic inputs.
 

P~asim] dilatatum, Penuisetum clandestinum,Kev words: 

-edicago satLiva, 
 unus S. an, dogestob;e dry matter,
 

sod-seeding, 	standover feed.
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9-9-4 Stockpiling of Cool-Season Grasses in Fall 

C. T. I)o'i,'arty
 

University of K itic',y, U.S.A.
 

The practice of accumuin illg growth of cool-season grasses in 
the late summer and early fall Ifor suhsequtent graz ing In late fail 
and winter, 	 known a,; ;tckpilin., ho.!; been widely. accepted by beef 
cow-calf producers ini Lhe ts ;iitd tran:;ition zone of the United 
SLtates. The ob-jectiv.cS of our studv were to determine the growth 
characLeriti; cs of cool-;easoll grasees in the ta I under N fertiliza
t iOl tlldinveit ig e tltI I zat icn at s;oekpi led faages 

Tall fe;cue (Festica ;rlndillacea Schreb.) has many attributes 
which tko it higlilv sui td to st.ockpiling. On Maurv silt larns, 

l (',I ofKe ntck(I 1'ItaI c'ue accIm I ate d 0, 500 kg//ha dry atter from 
16 August 1');9 to 12 Ieeemiber 1979 witli N at 100 kg/ha. During the 
saUih- timen, 'Boone' orchardgrass (l)a( 1tylis. g l.omerataIL.) accumulated 
!4,300 kg/ha ard Kehiblue' Kentucky htiegrass (P ea pratensi.; L.), 
2,200 k./ha. Durim the first month of stockpi ling (mid-August to 
Mid-Se(IetLu'Ibr) orchardl;.-as;s outgrew tall fes;c'ue and Kentucky blue

with llean crop g;rowth rateS of 77, 65, and 43 kg/ha/day, 
r_'F teCt-iVt'lv, hit in tit O5e l'sad11on1th, with the onIset of cooler 
weatlhr, rall esatiC Wct-umurttatd dr',. matter at the rate of 81, kg/ha/ 
dav, whil e o'chard;,ra ;t; :ttid hlthi rilss gret' at 47 and 41 kg/ha/day, 
re;;p.c t lyelv. i the third month (riid-O)ctoher to mid-Novemer) tall 
Ie;ctie ;,,ow at twict, the ratt, ('H kg/ha/day) of the ether two 

ras;es. Yi -ld increa.,!es itt ;tockpiles ichLieved with N fertiliza
tion weitrr,iinly ;ittrilbtttal Ic to increaseid tiller drv weights and to
 
a I -55er o:.it~tit, Inttcreased ti ller population. 

Wit t a lul]e carblhdrate,; (WSC) in stockpiled tall fescue ln
crt.,id with rate of N fertil izer and 'ccointed for 19, of dry 
II ; Ltt i mnitl- NIcVtt'itt-.l Si lae made from tall fescue at this time 

hl a and 	 for(10 "lt) had p1 of 4'..," lactic acid accounted 2.5Z of 
51 ia " drI" t ttt. , IolllItVo';iIln (If talI fescue stockpi les into silage 

ill late fAll 5;eIt.-sto he a fet; i hit method of ut ilization in regions 
whore severe we.tler impairs their u ti I ization or accelerates their 
tet r io ri t i on. 

Ke' words: 	 tal I fescue (Festuca arundinacea Schreb. ), orchardgrass 
(Bactvyli.s g l. Ineratrii I.)-, Kenttcky bluegrass (Pea 

pralt vtisis I.), tli troten, .i lage. 
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ld Compo:;i; oi 

of AI falI fa Dur i ng Autunina 
9-9-5 ciingo; iI Qua 1i tv i o 

( ,t!i Ii . 

t1n iv,,;i v ! ,i ;, w u;ill, 11.S, A . 
S. CC. F h i iu -P, 1 ith I I1 ,, 11 . A ,ur piu ;,il 

a fAlfa (.lc.di .at ivr I.) offers the po

tent io I for i; ( oil producftoin d1ui i n;a part i
Auitiu.n harvest of l c:iL O 

ob Lain in :icd(I i li r:I 

C(laI r seUiani. ,itt ie in; kiioWII illuntit tlIo 101 1of'tL" 1110 lity Or 

the chliano ill Lie cht0licial t-omlposil iii fi urai',c. 'lie obi (,i*lhis 
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9-10-1 Grass Growth and lerbage Quality at 
Northern Latitudes 

Tiiio 1 a 
Institite of 'lant Husbandry, Finland 

At the northern frontier of agriculture the most effectiveproduction of forage protein can be reached by intensive grassfarming. In Finland, which is situated between tile 60th and 70thlatitudes, grass can produce more protein than Lte other agriculturalcrops and the most winterhardy grass species are successfully grownalmost all over the country. Duting a decade, grass area grownhigh protein silage 
for 

has rapiuly increated and is now about a fourthof the total grass area jrown in rotation with cereals.
Because feeding of cattle is mainly based oln grass its nutrientcontent and quality are especially important. The quality of grassyield is largely determined by the methods of cultivation as well
 as growth conditions: 
 (I) time of cutting, (2) amount of nutrientsin tile Soil and fertilizat ion, (3) grass species, and '4) ti.mperatureand prc ipi.taL ion, 1at sLure cond it ion'; of the soil, irrigation.
The effect of the tme of cutting on amount and quality ofyields of timothy, meadow fescue, cocksfoot and perennial ryt-grasswere studied at nitrogen fortili:!Lion rates of 150 and 300 kg/haa year, shared equally between spring, sumimer and autumn growths.Tho e::perilsents were counducted at four institutes and experimental


station in 1973, 1974 
 ;nd 1975.
 
The dry matter yield 
of the spring growth increased by 150 to220 kg/ha/day, and unler more favorable conditions by over 300 kg/ha.When N was applied at the rate of 1O0 kg/ha in spring (yearly Iate300 kg/ha)the crude protein content decreased almost linearly from20, it the beginning of Lillering to 10" at tile stage when all thepa:nicles haid emerged from the sheath. MThin the N fertilization levelWall 50 kg/ha the crude protein contents were 3 47"to units lower.File daily decrease in the crude protein content averaged 0.5% units.'l cre,h rt, in increased fromt 20 to 321 of dry matter, by0.5;; trnits a day. Dry matter diges ibility decreased from 80, to
60-651 , or by 0.8-11., units 
 a day. An increase in the application


of N did not affect di,'estibility. 
 The content of K, 11, Ca and Mg

decrea:;ed with incroasing age of 
 the grass.


The later tile sprin,, cut was performned during 
 the period ofatronggroati, tile poor,r Was the recovery arid growth of tihe grass
aifter citt ii, , . icoviry wa; weakest when Lit, grass was 
 cut at the nr-c a I tile for ;ili,.a WI tin ll first pariicles began to elerge from[ii, ;hegath;. ie earli-r the sprii,, cut, ti riore panicles werelorme in th, aftermiati. Dl(epndinlg Oii the time of cutting of tiespring ('rowth, t1e crudo prot, in content of afteriath grass of theSae age varied by over 1111 units, tie crude fibe: content by CN

iIts and dry matter digestibility 
by IO units.

Ili autui., ianges in th, quality of the growth were slow; atthe lower level of fertilization a deficiency of N was evident. 

Kly wori.. : cutting til),', litroge ii fertilization, regrowth, yield, 
c oulpos i t i oi. 
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iWP~ yriRiiisiain t ]diotili
9-10-2 

9I- -
Ili 
; ij couC ; 	 F'i: 11. ) til F irt i I i:,- and t ipplng(E It i 

[,. a J.] .i:, f,'llI~ lr~lnul d 

h,", !1 " IiSDA-:;EA-AF 'Fel ht t IP ii l; I ,t, ,Ic. S A 

on nitrogen
Experiment!; were conduicted 	 to oita in informat' i,1 

(PWR) (Ey:nti jaceus
(N) 	 fertilization of long-tert Russian wildrye 

and the Offect of sinulatted npring gr zing on the 
Fisch.) pasture 

A portion of I RWR stand 

N/ha and grazed anilally forquantity of 
beer 

forage 
fertilized 

available 
with 

for 
415 

fall 
kg 

1se. 	
10 

which had 
divided into two e-perimentS in wasyears at Manden, North Dakota, 
from ill combin-.L) , of 0, 45, 

The firfit evaluated effects 
0, 45, and 90 kg phosphorus (P)/ha;1978. 

90, 135, 180, and 225 kg N/ha; 
on dry matter (DM) yields, whereas 

and 0 and 135 kg potassium (K)/ha 
biweekly

the second compared 10 cl ippi .g treatments rang fisi rom 


after frost) 
harvests. Precipitation
intervals to fall (clipping 

severe drought
1978, below average in 1979, and 

was above average in 
by average precipitation during

1980 followed above 

1980. Yield was increased
through June of 

. h each increment of 
July and August 

it/. Yields ranged fr.-" 
N up to 180 kg/ha in 1978 andfertilizer onto 5690 kg/ha in 1979. Yield 

to 6860 kg/ha in 1978 and 10,103220 	
for G N thAn 90 N or more, but 

17 July 1980, was lowet 	 (P .05) 
ofwere 


since the yield was only 110 kg/a, 
 treatment differences 

drought recovery, a 25 Sept. 130 
little practical value. After 

for 0 A 
harvest produced y ields 	 ranging from 2.10 to 2150 kg/ha 


increment of N significantly increasing

through 225 N with each 

t Biweeklyin luenced yields. 
resulted in thin,yield. Neither 	 P nor K fertilization 

clipping of NWR 	 reduced yield each year and 

July clipping produced maximum yields
weed-infosted stands. Early 

drought resulted in poor
1978 and 1979 but not in 1980 whenin 	

spring grazing, sinaulated by a 
spring and summer growth. 	 Light 


height on 5 June 1978, produced 1430
 
a stuI-leharvest at 13-cm 

with previously unharvestedharvest compared a
kg/ha DM at the 	 fall 

indicate 45 N 
fail yield of 3020 kg/ha. Results from these studies 


MR,
 
rates are insufficient to maintain optimum DM yield of 


dry years. If fall grazing is the primary

especially during 

for RWR, limited spring utilizatior may greatly reduce 
intended us( 

total production may
for fall grazing evn though 

overall yield and vigor offorage available 

be increased. Biweekly harvests reduced 


RWR.
 

Ito t, 	
t iLilpp i ig i ,iI-V;'iprv~t , 	 1:111 ttarv, 
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~T'9-10-3' InfluenIce Of Harvesting'" Time ie til 
"K'Food"'Value of Orchard~rass and .Timo thy 

"H Ieikki Ilakkola, Hermann Rand, andErkkIi iluoku na '-' 
Agicltr Research Cen tre, Ruukk, Finlad 
Thi inestgatonlc'lrifedthe effects~of harvesting time on.,the food v.aluie of or'chard grass. (Dactylis~glojmerata) and timo'tiy' ' .(Phleuni Pratense)- The variety representing each type of grass wasTammisto. Two nitrogen levels, 50 and 
100 	kg.per hectare, were chosen. '2
 

The epyients were carried out at Olustvere Experiment Station
 
(610 40 
) and North~Oatroo i (60h xeien'ttosi
Finland. 
 rbtna(1010)Eprmn 


n4
The dry muatter yield at the,-three 'experiment stations during
teyears 1977-79 were on the average 7700 kg per hectare in the
case of timothy
of timothy and 

aind 7550 kg per hectare in orchard grass.The growingorchard grass was ne'arly twice faster in early summer
than in th', middle of summer and in late summer. In early summer
timothy yielded on, the average180 kg per hectare and 
orchard grassp3kg pe, 1ec tare--of.dry- mtter- in -a day. 	-In..the -select ive-regrc Sson analysis the mo'st" impor'tant wieather element affecting yield'
~forming was the temperaiture sum (over + 50 C). ;The precipitation
sum 	from fertilization ,to harvesting was 	 also a significant factor.Thle 
fastest, decrease in crude protein content'happened in earlysummer, in the case of timothy on the average 0.)40 and ir irchard grass 0.)15percenitage in
a day, 'Inthe selective regression analysi
the 	 most important factors affecting protein content were thetemperature sum and tile amount of prec~pitation from fertilization
to harvesting. The highest correlation between crude protein coRk~nt
and 	the temperature sum was in the 	 spring yield (timothy r=O.72'and 	orchard grass r=0.75xx). In spring yield 
timothy had an' increase
of 0.37 percentage ina day in fiber 
content and orchaard grass' an
increase of 0.35 percentage . In the middle of summer and in late
summer timothy had only an increase of 0.09 percentage in a day in
fiber content and orchard grass an increase of 0.13 percentage. Themost important 'factor aiffecting fiber content was 	 precipitation fromfertilization to harvesting. The regression model also often includedthe 	 temperature sum. 

The digestibility organic substance(in'vitro) in spring yield
decreased in thle case of timothy' by 0.50 and in orchard grass by0.61 percentage in
a day.' In the 'middle of 'summer and 'inlate summer
the 	digestibility decreased only by 0.20-0.28 percentage int a day.~'> The temperaturE sum 	 'affected the digestibility 'of organic substanf.-emost. The highest correlation between the digestibility of or anisubstance and thle'temperature sum was in spring yield (r= .
85R).
In the middle ;f tsunixer and in'lato summer the 	precipitation sum wasalso often one significant factor. 

Key 	 words: orchard grass, timothy, harvesting time, food value,protein content, fiber content, digestibility. 
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China's Grassland Types:
9-10-4 

Their Locality and Improvement 

Shen-Siu Chia 

rbeijing Agricultural University, China 

the tempis mainly distributed over
natural gra.,sland 

to the west and north of the isohyet of 400 mm annualChina's 
erate zone 

in the sc.;aiern part
hilly subtropical areasoverrainfall and the 

37 per cent of the country'sa total land 
of the country, amounting to 

survey has been conducted on several 
194 ), comprehensivearea. Since Theand other regions.inner Mongolia, Xinjiang

occasions in Tibet, have been studied.
and grassland productivity

resource of forage plant; 
about twenty types

Types and Locality of Gras.sland: There are 
On the natural steppe of 

and eight regions of grassland in China. 
grass-Plateau, the successive 

part of ongolia-Xinjiangthe northern 
the are as follows: meadow grass

land types from the east to west 
intodeserts extend 

steppe, desert grassland and desert; where 
land, meadows. In the 

therc are mountain grassland and alpine
the mountains deserts. 

hire nrc a pine meadows, grassland and alpine 
Tibet 1la tau, 

In the so;;gy and peaty regions all over tL,. country, there have 

developed swampy meadows, wooded meadows and tufty swamps. In the 

there are hilly scrubby or wooded 
tropical and subtropical area, 


grassland and 
 savanna. 
of the Natural Gras.;land: (1) Variance in 

Salient Features areas where
 
productivity due to geographical location. In general, 

is
100 srmi, their grassland yield
their annual rainfall is equally 


of fresh gras per iectare per year. China s
 on average 750 kg 
two types: meadow,can be classif ied into

grassland, therefore, >.1,500 kg/ha;yearly fresh grass output
grassland and steppe whose 

yearly freshand alpine me adow whose
and desert grassland, desert 

area of the former to the 
grass output <1,500 kg/ha. The total 

and shorter sumimer-Longer winter-springratio. (2) 
of winter pastLres

latt r is a 3:7 
in the northe:n grass

season and scarcityautumn is low.pasturecapacity of the wint'er
land region. The grazing 

climatic changes fluctuate grass output greatly.
(3) Inter-annual ofThe everiIec' grasslandof the Crasslan1:Improvement 

a 181 per cent increase of grass output at the 
Yanchi has witnessed have also 
end of a two-year rehabilitation. Disking and seeding 

The speed of permeability,
improved the Ant urolepidium grassland. 

capacity of the grassland
weight and water holdinghardiness, volute 3857 as compared

and the grass output increased
soi were improved 

to that of the mundisked plots.
 

improvement, China. 
Key words: grassland, types, locality, 
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9-10-5 Experimental1 Trial inl Besnate Farm: 
Analytical Results and Grazing Studies 

Franca Sciaraffia, P.L. Genevini and G. Enne 
Facolta di Agraria, ,Mlilano, Italy 

In our previous studies we iav, pointed out the relationshipsbetween chenical compos ition of soils and forages and the 'ariabilityin chemical cemposition -miong specie, and among plots withlin a singlespecies. In Besnato on one experimental farm we have grown 17 speciesto verify their analytical characteristics in order to evaluate theirusefulness for animal feeding. The 17 grasses were sown in threereplicate plots in a randomized block design. At physiological
turity maall grasses were collected, dry matter yield was measuredand clhe:-ical composition (crude protein, crude fats, crude fiber,N-free ext., Ca, Mg, Na, Si, K, 1', Pb, Zn, Cu, Cr, Mn, Fe, N-NO3, Cl,
SO4, A/B, sterols, amminoacida , fatty acids) was determined.After the analytical work, we collected sufficient informationto arrange a grazing rtudy. Mi, ave observed the quality and the
quantity of herbage intake C, a-graz ing horse, studying the ba, isof his choice, the troulIs owlin, to the altered ratio between thedifferent elements and the excesses or deficiencies of the diet when
based only ol tile sowed species. 

Key words: plant composition, forage quality, acceptability, horses. 
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Senescence in a 

Temperatue Sward Continuously Grazed by Sheep
9-11-1 Dynamics of lerbage Growth and 

lixed-Species 

Bircham and J. iiodgson 

lill Farming lc-,earch Organization, 
J. S. 

Scotland 

L.), Poa annua L.(Lolium perenneFour perennial ryegrass 
with herbage mass ranging 

white clover (Trifolim repens L.) swards 
in as near 

from 500 to 1700( kg OM/ia were established and maintained 

stocking with
 

state as possible by continuous but variable 
sl,.dy ofrates 

to study tie infiuence of herbage mass on 
sheep in order 


(G), snes cence 
 (S) and aet production (NP), and on 
herbage growth measure

of G, S and NP were derived from 
species balance. Estimate:; 


stolon growth 
 sites.
 
ments on individual grass tillers and clover 


4 (W .6) kg
to total G were 54, 20 and 

" i'na and clover respectively. 
The mean contributions 

The low 
DM ha-day for ryograss, 

and Poa
due to low population densities, 

clover growth rates were 
tiller igrowti
 

had lower popu 'at ion 
 lower inoividualdensities ard 

The ratio of sene scence to growth was 0.47, 
rates than ry!r,..;.. 


0.1t for Pon, ryegrsass 
 and clover respectively.
0.3? and an
G; increased with herbage mass in 


The combined species - - 1 
li8 kg DM ha lday and S
 

r,;yrptotic - 1
manner towards a maximum of 

17 kg h -Ilday at 500 kg, I)M ira
- to 41 kg 

incra ,',l !inan rlv from 
- rapidtly to a predicted maximum 

at 17;)0 k), I1 ha . N' increased 
ha 

-- 1 kg 0.1 and then declined slowly. 
of 71 k Oil h- Ilay at 1210 

that there is limited 
o this experimenrt suggst'lhe r,,-;rIt; herb
t ic:rbl limits, for improving rates of net 

;cope winhin pri 

swards by mani pulation 
of the herbage

4 ion ill :peratO 
stocking .anagemnent.prrrct 

l li l nrd centllrlllnl;1a; man 

Fey wordk: I .rhaiy' production, dynamics, perennial ryegrass, Poa 

clover, continuous stocking, sheep. 
rnua, white 
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Ev:e n i 
('1ti Vars Under Cr;a:z ig and (llc';i''rvat ioilMa1nagoment 

9-1-2 A Compir'iti tluatio Six Ry'grlfrs 

!I. Kyan
Ag~riCUltturl- Instiltilo, .Johnsto)wn CasDtle, lI-(,land 

Heat and ln r'y [r'odurct;; cailirnarlj ive- r iiiC ipi'ltari'e in the lris.h 
aqriculIt-Oral econ\y hvart pii,, iy der ived From Irinh grasslnndn 
I-rhicth oi'rtynif 1f the, arahle area;. ef grasslnd oe im;,'rivfrd cult
ivlt r ;ia prolhal }y thie br;t iti';i na iF l i;lfll]i 'ie.;; oncel a r'na u tpn L 
thL ir;ic;, ropli.iri Ioe|.i I i.i" i!;r-arid hiqlh !;tIrcIrkinq rata, have beer 
fliret. 

UI}jc''t ilVa ide(. it fic_ jel of !;UprPr cu Livlr;, if;the repona
;ihilitly iF ;i(lciC;. Ii!;t, pith )Ii arinrial lya;tat A t'ei'imiriided aed 

und, 1; utii'y IlirrP S;OMPin In'et itt ' unitr' h A7 araa i-ttl ivir;. in 

dit(uhI, I/,w vrvr , taL P'a; It ffIt r; ;illicitI-pl1o ci 1 t Irl t r I t (-.I tI e 
e\Lraptiitaiid fetqui vaitrd il'Fiirrmlce ry {l';ii irlq;till) 1;.; lnlee, Lhe 
itair rafuIli ev a itI ;oran(f t reritri; pr iri i (tl aw-aco tivry I a(I 
tairt artrTial [iI'nititoC int p;ircietter.!;o IIhi,ohjc- yeaivt Li ,e; tihl 
imi; teen to evllia.tr ;ix ilt; cultivj:;';; in Urm;; (t thii. carrying 
czipttc i Ly aiid ;i ; hrrliarle coricrve iii or-(!lj'!;ir;lct it/ld arnl l at ficri. 
A !iimple I near irdlI f otr lI piF Ir :; t OfI<ii ril ra 'e r' I , n .r;;i i I I- ;; Iued 
whe r I'exlP'I Cirt Ii i c i i ' iir) ril r ry? t, , i D h{. irmpe.;ed rtrntirr' tif ;ilIii Iw 
("I'!I, Iid at I- if I vr'itI r 'vr't Iii pf r ti-( i l, a t'rrtlr'ir'i h;s It iii I ofCi If o f 

cull ,ciI(II v]{'lc ill(I i [.!;wf'p{,m;{,] - d{oil tLw hl , i!; of' Iw{adilliq cthlo 

;Iri p 1niy. t Irra;i ,u ;i};'ii tit' ;alt (tr;tit21 try yturl) at (r";I r r[I rii0il 
!AttkiR it iili,'r;,tLeI (111 ;1i 'A ocI {qt rat.; iover i ven !;. triti;et-veri 
iit'rtimcrr ti!; it'd t} {Irtup (If Iiw;Ir J {r . a tlv 'eer!; {tvi'txrirr tg Ior] t a 
f 10 rrMcnii(h t ri I a;cI I It .;wel'( l'i NccnU i O} . tvfita'i (jpit1t c}rc:ar lil rci.wn {tlire 
;ir c] t Li var r'';l!; t Ifn',i!' !,a'lI I i to t r lt Il y VvI it huIy ir l I r aI. .r tt.zi 

Hrf It!i i rudi-;tI, a;p'i-lii t y iti air ry iill crp;tai ty ;hridter i ;t.enue{ 
*if Vi'l Iev(r' t'if canfjrt pi I %"214. A Iiyhr i d, ,5hri m , !;howed irrFeior 
cir r',in Ini aiic i Ly ard ter,; itatti'a{ta ; hI'ia]e huL r'orrrried 

twl-ttr1, , I' I , ' d a ;iat;I, , I here Irs a fftrikinq cro irrst ill 
r I v 1)f qI'ri.-uLh h tM r,r '21 rinVigl{r a;; airt 'n by Fhe animal 

irwr fto';rii diti . 1)}iff l' r'i(t.; tift wern cul ,ivnt!; -ern ;f;nal I irlLire 
I;lilli f ,dlitrit f i mrrtrxl}rr .
 

1Ilr' ti'i'tfrirl al[ofir;a;; i Lti; ofrrice gr ' tiri1. Lype late-heading, 

1) i!;l!;t (af ct- I ccit trr' i''}tcr;he'rwlr.']r tot rarovnn looking ]ont]iv:tr t For 
term Iiv; aiLi flillid mid-!;i :vorr po u{t oina. Te tr;tp loidihybrid; 
(ir''r'rrri it - It it Ilifi) ray t', curt II in Line urjnderrprrtduc' rhort.-Lerrr 
con;rvcttion rrrr;ipirnrent tt lire not iuicltat]e Frt" intnsively sLocked 
Sra/ i rrp rltlrtem rlt l;y ernM. 

K,,/,r.- iyteg: ;iv;'' tit c arry alrIpacity, I ivoetight gain,r' cu, ivar, ;tg 
r i t erid',3 
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9-11-3 Effect of Sheep and Cattle Grazing on a Mixed 
Pasture of Perennial Ryograss, Kikuyu and White Clover 

C. J. Goold
 
Ruskura Soil and Plant Resenirch Station, New Zealand
 

bixed pastures of perennial ryegrass (Loliwn perene L.), 
Kikuyu grass (Pcnnisetivii clandestiumw Ilochst.) and white 
clover (Ti foliwzu rcpcws L.) are commonly found within warm 
zone areas of New Zealand Lit are frequently disliked
 
because of problems associated with Kikuyu dominance.
 

A grazing experiment was conducted to provide basic
 
information on the manner in which these swards respond to
 
cattle and sheep grazing especially at high levels of
 
utilization. The pastures were rotationally grazed with
 
young sheep or cattle at 2 stocking levels (high vs. medium)
 
in each year from 1970-75, with stocking rates being adjusted
 
twice yearly according to seasonal pasture growth rates.
 

The pastures grazed with cattle produced 18% more total
 
annual dry matter (DM) than those grazed with sheep, although 
the advantage was largely confined to the summer and autumn 
when Kikuyu was the active grass component of the swards. 

High stocking levels of both sheep and cattle reduced 
annual yield by 25% although there was minimal effect in 
summer. The level of stocking effect was greater in sheep
 
pastures in 	 winter, compared with those grazed by cattle, 
although there were no differential effects in other seasons. 

The botanical composition of the mixed pastures in spring 
was greatly altered by grazing treatment. Perennial ryegrass 
content was greatest in less heavily stocked sheep pastures 
and Kikuyu increased, at the expense of ryegrass, in the more 
intensely stocked cattle pasture. Annual Pea (Poa Llnua L.) 
content was higher in sheep than cattle pastures although
 
this component increased in all treatmen'-s over the experi
mental period. White clover content was variable between
 
years but in general was lower in sheep pastures and occasion
ally jower, overall, in the more heavily stocked treatments.
 

The results of this experiment suggest that the mainten
ance of a balanced subtropical/temperate grass mixture cannot 
readily be achieved by moderately high stocking level- -' 
either sheep or cattle and that the pastoral changes induced 
would require compensatory changes in farming practice if high 
production levels are to be sustained.
 

Key words: 	 shep, cattle, stocking rato, perrenial ryegrass, 
Lolium perenne L. , K ikuyu grass, Pennisetum 
c landest inume IOchst . , whitt, clover, Trifol ium 
repens .. , mixed pastures. 
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9-11-4 Effects of Level of Nitrogen Fertilizer on
 
Annual Winter Pasture (Oats - Ryegrass) and
 

Summer Pasture (Millet)
 

C. J. Olivo, I. L. Barreto and D. A. Stiles
 
Universidada Federal de Santa Maria, Brazil 

Two experiments were conducted with lactating Holstein cows to
 
study the effects of different levels of nitrogen fertilizer (urea)
 
on 
annual pasture (Expt. I - oats (Avena byzantina) and ryegrass
 
(Lolium multiflorum Lam.)). (Expt. IT - millet (Pennisetum ameri
canum Scium. 

Base fertilizer (8-28-18) was applied and at 
the five-leaf stage
 
three levels of nitrogen (N) (75, 150 and 
225 kg/ha) were applied.

Tihe millet pasture followed the oat plus ryegrass pasture with the 
N-treatmenta being maintained in the same areas. Two hectares were 
planted for each treatment (total, 6 hectares). 

In Expt. I, twelve lactating cows were randomly assigned to one 
of the three oat-ryegrass N-treatments in various sequences accord
ing to Lucas' "incomplete block switch back designs," for an 84-day 
trial. Each cow was offered I kg ration (16' CP) per 3.5 kg of milk 
produced. 

Average milk production (kg), Z milk fat (F), % solids not fat 
(SNF), Z protein and body weight (kg) were 11.3, 3.7, 8.1, 3.3, and 
476; 11.2,1.9, 8.2, 3.4, and 481; 11.4, 3.5. 8.2, 3.3, and 490 for
 
treatments a, b, and c, respectively. No sinificant differences 
were observed between treatments (['>0.05). Average pasture dry 
matter availability per treatment during the trial was 2900, 3000,
 
and 3450 kg/ha for treatments a, b, and c, respectively per period.
 

In Expt. II, twelve lactating cows were randomly assigned to
 
one of the three millet - nitrogen fertilizer sequences according to
 
Lucas' "incomplete block switch-back 
 designs: and served as "tester" 
cows. Pasture pressure was adjusted according to pasture availability 
with other lac-tating cows om a "put and take" basis. The trial 
was 63 days in duration. One kg of feed (16Z CP) was offered for 
each 3.5 kg of milk produced. 

Average milk production, Z MF, Z SNF, Z protein, and weight were 
11.2, 3.6, 7.72, 2.93 and 462; 11.1, 3.7, 7.65, 2.96 and 457; 11.2, 
3.2, 7.8, 2.5, and 454 kg respectively for treatments a, b, and c. 
No significant differencos were observed for these parameters but for 
fat-corrected milk produced, treatments a and b with 10.3 kg of daily 
milk production were superior to treatment c with daily milk pro
duction of 9.8 kg (P<O.O5). 

Stocking rate, milk production per hectare and pasture dry mat
tLr availability per period was 2 cows, 1360 kg, 2297 kg; 3 cows, 
2016 kg, 3734 kg; a,and 5 cows, 3/12 kg and 4836 kg for treatments 
b, and c, respectively. Treitment c was different from a and b at 
P<O.Ol for production per hectare. 

Key words: oats (Avena bysantina), ryegrass (Lolium multiflorum
 
l.am.), millet (['enniseturn american Schum) , nitrogen 
fertilizer, dairy cows.
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9-11-5 Anima I ProdUIict ion wi tl li:ltru) ld and
 
F'i xed S tocki ng ainI ,>lII, ,,I S t (t',k Iat
in 


I au I,.rh t yI J.1'. FontenotJ T. .I I , ' ran k .lc :laserK.E. 1 a 
M ays,,a IoIf 

and a;tt, Ii ivr!;it V, Virginia, 
R.C. IIamise, Jr., IL.. l ,,a1t, ). an, D.A. 

Virginia I'lteIiniIC institL o 
Goo rgi,a Ii nd T in..' V I I,-v Atithriity, U. S.A.

hnivers ity of 

obtain findings Lo implement

GrazLag experiments were conducted to 


primary objectivessystems.
and impiove animal-grazing management The 

fixed and 
were: Experiment I - to investigate animal production with 

to study animal production and 

5I controlled stocKing and 
Experiment iI 

canopy characteristics with three managed 
stocking rates, spring stock

to coincidt
 
high as during summer-autumn seasons 
61 ing rates being twice as 


;with pasture growth.
 

7 Liveweight gains/head for the grazing season were similar for fixed 

summer period, gains/head were 
higher
 

-Jand controlled stocking; 
daring a 


associated with available
Gains/head were not
ifor controlled stocking.

herbage; the canopies with fixed stocking had 28 to 87% more forage than 

in dead tissues and stems
 
for controlled stocking, the former being high 


fixed stocking bemore liveweight/ha than 

10 Controlled stocking gave 61% consumed.
flush high quality forage was 
cause more of the 


the grazing season were higher for low
 
Liveweight gains/head for 


summerGains/head during the 

two higher stocking rates.

than the even though
autuni season 

12 three stocking rates were similar for the 

During spring when canopies were
131available pasture varied, 
dry matter averaging 2001, 

880, and 369 kg/ha
 

low, medium and high stocking.
ror 

liveweight gain:'animal were 

allied with avail
141 similar in leafiness, . es during the snring season caused
 

Double stocking 


low than for medium and high
 
able pasture. 


high gains/ha; values being low .: for 


stocking.
 
15 


should be managed
16 The findings imply that pastures and animals 

concurrently to supply the differential nutritLonal needs 
for classes of
 

to maintain high yields of canopies of
 
ruminants by controlled grazing 
 hould beData suggest that farms 


i suitable structure and leafiness. farm shou. vary to 
stocked at high levels hut stocking rate within a 

outputc of 
yield, and available growth for high 

the quality,19 ontrol fixad stocking ignore nutritional needs Constant or 


dynamic characteristics of canopies during growth

responsive animals. 


201 of ruminants and the 
and grazing.
 
Oil
 

white clover, Tr ifoliuTi 
Kty words;: b lu,'grass, Boa__prit,,nsis; L., 

pasture.I. , grazing pressure , stocking rates, 

24
 

25 

26 

271
 

336 



10-1-1 Energy Availability of Chemically Treated
 
Crop Residues 

G. W. Horn, C. L. Streeter, 1. M. Sharp, and F. N. Owens 
Oklahome State University, U.S.A. 

Chemical treatment of crop residues to 
improve their feeding

value dates back to tile end of 
the 19th century. A frequently

stated goal of chemical treatment of crop residues has been to
 
increase digestibility or 
"energy availability" of residues. 
 The
 
objective of this study was 
to compare apparent net energy for
 
maintenance 
(NFm) and gain (NEg) values of untreated and chemically

treated crop residues based upon performance data of 11 beef cattle
 
feeding trials reported in the literature. The aDparent NEm and
 
NEg values (Mcal/kg residue DM) were computed from cattle
 
performance and 
feed intake using net energy relationships of
 
Lofgreen and Garrett (J. Anim. Sci. 
27:793, 1968) and Lofgreen

(Ark. Agr. Exp. Sta. Special Report No. 50:15, 1977). 
 Residues
 
treated included wheat straw, corn stalks and 
corn cobs, fed at
 
levels of 
25 to 89% of dietary DM. Chemical treatments included
 
NaOil, NaOll and Ca(Oll)2, or ammonia. Differences among computed NFm
 
and NE values of untreated and treated residues were tested for
 
significance by tile paired t-test. 
 Mean net energy values of the
 
untreated and treated residues were,respectively--_NEm (Mcal/kg):

1.12 and 1.12 (t = .12, 10 df) and NEg (Mcal/kg): .54 and .55
 
(t = .15, 10 df). The data 
indicate that chemical treatment of
 
crop residues does not 
increase energy availability. The
 
improvement in feeding value of chemically treated residues must
 
be attributed primarily to increased feed 
intake, presumably due
 
to allincreased rate of digestion. Consequently laboratory

techniques other than standard in vitro dry matter digestibility

(IVDMD) for 48 to 96 hr 
are needed to 
screen chemical treatments
 
for their Impact upon feed..,g value of crop residues. Rate, not
 
extent of digestion, must be monitored.
 

Key words: crop residues, chemical 
treatment, energy availability,
 
growing beef cattle.
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In Viv'j
10-1-2 Factors Causing Greater In Vitro thon 

Digestibility of Sodium llydrrpudc Treated Roughages 

L. L. Berger, T. J. Klopfenstein, and i. A. Britton
 

University of Illinois, University of Nebraska, U.S.A.
 

treatment of low-quality
Research on sodium hydroxide (NaOll) 

that in vivo digLmstion is lower than 
roughages generally indicates 

purpose of this 	 research was to identify
in vitro digestion. The 

to 
may less ol the potentially digestible fiber 

factors 	which cause 
(Zea mays) 	 cobs were raised

in vivo than in 	 vitro. Corn 


to 0.0, 

be digested 

2.5, 5.0, 7.5 and 10.0% 
to 60% moisture 	and treated contain 

diets containing 80% cobs and 20% supplement,
NaOlH. Lambs were fed 

giving a complete mixed diet containing 
0.0, 2.0, 4.0, 6.0 and 8.0%
 

NaOH. The percent neutral detergent fiber (NDF) in the diet de

of NaO1 treatment. Tl vivo 
creased linearly with increasing level 

was 5, 12 and 5 percentage units less than 
dry matter 	 digestibility 

8.0% NaOII level, 	 respecat the .. 0, 6.0 andin vitro digestibility 

tively. Five abomasally cannulated lambs were assigned to a 5x5 

L,atin Square to measure ruminal fiber digestion as affected by in

of NaOli. In vitro digestibility of NDF reaching 	 the 
creasing level 


abomasum increased linearly with increasing level of 
treatment. 

of ruminal fiber dig;estion was measured
Rate of passage and rate 


fed the same diet as in the pre
in 15 ruminally fistulated lambs 


vious trial to determine i.f these parameters could account for tile
 

an

difference in fiber digestion. Chromic oxide was used as 


collected at 3, 6, 12, 24,
 
external marker 	and rumen samples were 

rate of 	passage. As level of 
'18 and 96 hr postdosing to measure 

(P <.05). 	 Mean
 
NaO1l increased, 	rate of passaqe increased 

linearly 

for the control 	diet
 

ruminal 	 retention time decreased from 46.8 hr 

when rate of passage was
8% NaOll 	 diet. re

the slope of the line was 0.142%/hr withto 29.8 hr for 	 the 
NaOH level, 


an r
2
=.733. Nylon bags containing 0.15g cotton fiber were used 


the rate of ruminal fiber digestion in lambs fed the five
 

gressed 	 against 
to 

measure 
rumen after 12, 	 24,Bags were removed from the

NaOfl-treated diets. 

the loss in weight used to estimate ruminal diges

36 and .18 hr and 
from 0.0 to H.0%, rate of ruminal 

tion. As level of NaO!! increased 

from 5.42 to 2.15%/hr. When rate


digestion decreased 
NaOCI level, the slope of

cotton fiber 

of cotton digestion was regressed against 


488%/hr with an r 
2 
=.93,1. Those data suggest that
 

the line was -. 
passage 	and decreased rate of ruminal fiber 

the increased rate of 

of the differences observed between


digestion may explain many in
 

vitro and in vivo digestion of NaOCl-treated roughages.
 

Key words: 	sodium hydroxide, fibe' digestibility, 
in vivo,
 

in vitro.
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10-1-3 Effect of Solvent Pretreatments on Digestibility 
and Intake of Corn Stover 

K.W. Lin, John Fritz, N.R. Ladisch, 1. Schaeffer, V. Lechtenberg, 
and K. Noller
 

Purdue University, U.S.A.
 

The utilization of low quality forage materials and agricultural 
residues for a..imal feeding could parti,.,it y sipplant other sources 
of animal feed materials if the digestibility i.; high enough. Various 
methods have been reported in the literatire ror pretreatment of 
residues to improve digestibility with the most prominant beitg the 
use of sodium hydroxide. The objectiv- of the corrent research is 
the study of the effect of the addition of catalytic agents in sodium 
hydroxide to improve digestibility and to study animal intake. A 
solvent consisting of iron, tartrate, ;in] sodium hydroxi,! has given 
over 80' in-viLtro disappearance when the solvent is washed out. Tests 
are now underway in-vitro and in-vivo wi th this solvent heing left 
in the residue. 1re iminary results of thte,;e studies; indicate that 
careful attention must be give to how such a solvent is used if an 
advantage over sodium hydroxide alone is to be attained. The infor
mation being obtained from these studies appears to be useful in 
building a foundation from which further new approaches to pretreat
ment of forages to imIprov9e digestiibility can be sieveloped. 

Key words: sodium hydro% do, digestibility forages. 
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and Fibrous
10-1-4 Evaluations of Low Quality Roughages 

Cereal Grains Treated with Various Chemicals 

G. C. Fahey, Jr., 1. L. Berger, M. I . Mora, and 11. J. Van der Aar
 

University of Illinois, U.S.A.
 

in tle teetin value of tow quality roughaqesLarge improvements 
their treittmnt with various chemicals. Chemihave resulted doe to 

cal treatment of Jrains m',' alIso he a potentially useful practice. 

The iescarch reported her, wi; ,lesijned (a) to determine how "Chclat

inq Metal C,,itic Swellii ia" (CMCS), I noi-toxis, alk;line, aqueous 

reajent, compares with sodium hydroxide (IlaOll) in enhancinq in vitro 

cellulose d 'estion (1VCU) of cornstalks(CS) and soybean residues 

(1)) to eva lua te tie etffects of NaOl, ammon iou hydroxide(STIR), and 

(Il011) roidC'MC; treitments of fjbrou cereal qrains esinq in situ 
technilees. 

CMCS or 7.5 II :11 ;oclutiono were ae(lded to CS or SUP at chemical 

.50:1, .75:1, 1:1, 3:1 and 5:1. Thesubstr its. r ti ' : I , .25:1, 
theymixtcru . were illowe tc re.ict for 24 hotus, aftor whlich time 

with water and 115ed imjncdIiately for TVCJ determinations.'.wee w sh 
t

As cocon .;l", ' cliemical i.crea.'ed, CS IVCD also increased. At 

t1ie hi.,Ifer chemisI :11suhtrate rats, NaOll treatment resulted in 

ni r ked inc IC to CllCS . 'reatment of STIR withll lves comi.--'d 
compared with controls.C (2 esultUd; i eiither simi fir or lower IVCDs 

NAllII hal I1 eil ct. on siQ JVCI), reqardless of concentration. 

Ill!;ite h i ':;toi sItehies were Cs'odected to determine the effect 

oii th 2.1-holr rumil, l a iqestion of whole, hiiJh 

, ooistomtan Grains with 1aO1 the 
o a Ikl -t-itfi~eiit 

t. btrley. tre'ted G! had high

e_,t ill situ ii test ihi lity. Nl1 101l treat.ment tended to reduce the 

hi testiiili',,o aLbi ,rly. Di testibility a! dr.', whole cereal grains 

was 	 ins :e d 1',' t'tttm.mtt wiltht 2, 1 or ", a,1II1. In situ comparisons 

te, whole oats and barley showed thathetwe,-ul . CMCS : ., I{-tr-


C'-II' Wa; illt e'ct ve in e1h11cil t ditestion.
 

the!;u (1) point 

itor:,'ct i''ity wlhiczh ccour when low quality rouqhamos are 
Iii cc)n sii-on, 	 (1riett to the marked dif

!erence; 

chemici ,s (2) show that NaOll treatment has
treated withi 1-s 


potelltit.a s I in i oce;si:l; rethiod.
 

Key words: 	 cor'msti[ks, soybein rellidlies, oats, barley, sodium 

hydrox ide, ammonium hydroxide, CMCS, digestibility, 

inl vitro, in Situ. 
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10-2-1 Ammoiii a 'lr'atment (f (:Irp I?0!p idu,,s 

J. 	 K. Ward and T. J. 1< pfeni;Vein 
lini r itv ii tIi i';l; i Ii. S. A. 

The use of ammonia appears to provide benefits
 
similar to those reported from treatment of crop residues
 
with other al.kaline bises, including increaised animal
 
intake, foraw diqce't ib lit,, and an iml] performance,
 
while avoidinq some of t he diadvanLtaqes aissoci.ated '..'ith
 

those (compounds. .iur sheep d igestion IriaIls, two lamb
 
growth trials, I caLf Irowth tril -Ind a geatatinIq cow
 
Ifra'in'i rice triVl were Conducted uii(l almmon ia-trated 

cirop re ;iduet . [,,imb di(estion trials were conil ?ted usingl 
stndar-d procadure. in tile col]eIti.on and anal'.;is of the 
dati. In trili 1, en iled int rea ted wheat_ atrl.'. Was
 
com,,trurd v'it P I -*' treated w.Sith 6 N11,1011. Tlroatilent
 
inCr -ie;i dlil dr," at,lter (DM) intake by, 30.7' and dry
 
maitt ei '(1,' ib ii it', lNDM ) b' ! 1I trial 2,
I7.2". 

antirI ei ''et tri wn chroatare aliwith pol''etlylene 

''i'ot trieated 1-.'ith N Intake was increased(l <_aw' 	 8 113. 
7 n DNI) 11.1 . In trial 3, en;i.Itd untreated
 

:orn;tlllk,; were (omlpared to st-alks treated with 3%, NIl 3 .
 
Sn1i- '.is incr, ;id 19.0 and ID 32.0'. In trial. 4,
 

eni i I ntra ted o(-rlcabs were comp'red to cobs treated 
withP ilI . Iiit,ike wa: incr eased 54.8' and D MD 3.9'. 

Ammlii'on i a t ca t.ent I ncreised i ntake an a'.'eraqe of 36. 8? and 
D:-) D . 1,lmbs in a growtLh triil iveraqing 30 kg were 
fe 7 i on a control ration r()f Sr( wheat straw plus 
20. 	 saI I eImen t or 6 :1,1011 tre, i wheat straw plus 

IIppIile ent. I nd were .014erit ,Ilint(q) ;a in/feed 8.8, 
an( 1 .), ,u1 . I I , re p Ct iv',',. LabIIIs inn a Irowth trial 
a'.'rauinq 27 kq %'erefed tor 60 da-:'a;on a control ration 
of- 75. :tOll t reated (4") oremnd corn cob!; pulus 25' 
a rtIL r 75' ocuno c orn coba; (11:1 ration 4 "I1140It 
an , a; Ir) ii;25' supoment. ma il; qains (q) and 
,:ain feed t-, 100, 0R9 an, 110 and .079, respectively. 

a trial i\eraqinq 215 kq were fed '40,,u'thi 

' l.or 1-.Nl11)I nsi led corr talks. Daily 

iiM;ii , . d %i/'-fei . and .72, .101,wore "), .092 
iivl''i nq nmature co,;:s averc~ai.nq 485 

cI ',"'r)r e it in ,;iiter dI',lot for 77 days a rat ion of 
''hI' it IrI r..3..- '' ' I f-t ted , iitt tiaraw f-ee choice 
: -1.2 .p l':, :! ,L fi-br illeoqrIas! hay. 
iIl v ini- (ko) .- d '-traw i atabs (ki) were . 12, 8.8 and 

.0o, 1 0.5, iTt i',l ''. T! . immionia trettment of wheat 
!;tal, col .;tallk ald(orn c b; iicreases iitajkc, digesti
b i I i t , and poetorice of Iimba , calves and cows. Methods 
of tc,-tcent, pruccasinc, 'atorage ai] feedinq wi.ll be 
C i;cus-od. 

Key words: wheat straw, ammonia, beef cows. 
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10-2-2 Ammonia Treatment of Soybean Straw, 

Grain Sorghum Stover and Prairi.e hay 

J. 	 K. Breaux, 0. T. Staticup, and P. Bayl,.y 

University of Arkansas, U.S.A. 

One method to improve the value of poor quaJity forages as
 

a feedstuff for ruminants is by treating them with anhydrous
 

ammonia (NH3 , gaseous). Our objective was to study the influen

ce of 	NH3 treatment of forage on nutrient digestibility.
 

One lot of soybean (Glycine max) was harvested for beans
 

and the remaining straw, consisting mainly of stalks and empty
 

seed pods, was mowed and baled. One-half of the straw was desig

nated 
as untreated and the remainder treated with Nil3. In addi

tion, smaller amounts of grain sorghum stover (Sorghum vulgare)
 

and prairie hay (Andropogon scoparius, principal species present)
 

were divided into untreated and N1H3 treated portions. The
 

forage treated with Nil3 was placed upon an undersheet of clear
 

plastic of 6 mm thickness. A covering sheet was placed on top
 

and the stack sealed on 3 sides by rolling the 2 edges of the
 

under 	and top sheets uround wooden lath. N was added to the
3 


stack at a rate of 5.0% by placing a hose through a small,
 

unsealed opening between the sheetE. The coverings then were
 

sealed and allowed to remain for 30 days. The treated and
 

untreated soybean 
straws were 	each fed to 3 Holstein steers in
 

digestion trials. Oupplements were added to provide minimum
 

requirements for nitrogen (N) and energy. Digestibility of
 

straw was then determined by difference. All lots of forage
 

were subjected to an in vitro digestibility system.
 

Dry matter content (%), crude protein equivalent (%) (N x
 

6.25), and in vitro dry matter digestibility (%) respectively
 

for forages were: untreated soybean straw 90.4, 4.3 and 41.3;
 

treated soybean straw 92.1, 17.1 aid 50.7; untreated sorghum
 

stover 88.6, 5.4 and 46.2; treated sorghum stover 90.7, 16.8
 

and 61.3; untreated prairie hay 92.3, 7.3 ond 40.2; 
treated
 

16.4 and 53.8. The results of the digestion
 

trials revealed coefficients of digestibility for dry matter
 

(%), N (%), and energy (%) respectively as follows: untreated
 

soybean straw 40.4, -3.1 and 38.0; treated soybean straw 52.0,
 

prairie hay 	93.6, 


66.1 and 53.4.
 

These data indicated that anhydrous ammonia treatment at a
 

rate of 5.0% increased in vitro dry matter digestibility of all
 

forages tested. This observation was further confirmed for
 

soybean straw by digestion trials with steers. Digestibility
 

of dry matter, N, and energy were all significantly increased
 

as a result of treatment.
 

Key words: 	 anhydrous ammonia, soybean straw, Glycine max,
 

grain sorghum stover, Sorghum vulgare, prairie
 

hay, Andropogon scoparius, cattle, digestibility,
 

nitrogen, dry matter, energy.
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10-2-3 Improving Ilay Quality by Ammoniation 

K.J. Moore, V.I,. leictltnheri,. K.S. iHendrix, and J.-M. ilertel 
Purdue University, U.S.A. 

Experiments 
were conducted to determine the effect of

ammonlation on hay consumption and weight gain by 

hay
 
steers when the


hay was fed unsupplemonted and supplemented with energy and protein.
Mature orchardgrass (DacLyLLs glomerata L.) hay was baled In early

June 1979. Approximately 1000 rectangular bales were stcked on 
a
sheet of polyethylene. The stack 
was then covered with an

additional sheet of polyethylene 
and the top and bottom plastic

sheets sealed together. 
 A quantity of liquid anhydrous ammonia
 
equal to 30 g/kg of hay was 
Injectea into the stack.
 

Approximately 7 weeks 
after treatment the hay waL uncovered

and allowed to aerate for 3 days. The hay was then fed 
to weanling
steer calves weighing approximately 225 kg. Similar hay baled from
the same field and unammonlated was fed 
to separate groups of
 
steers. Both the treated and untreated 
hays were fed unsupple
merited, supplemented with 1.80 kg of corn/head daily,
supplemented with 1.35 kg of corn and 0.45 

and
 
kg of soybean meal/head


daily. The feeding trail lasted 90 days.

Ammonlation Increased total 
nitrogen concentration of the hay
from 1.I? to 1.96%. 
 Apparent dry matter digestibility was Increased
 
47.7 to 54.8%. Cellulose and
from hemiceliulose digestibilitles
 

were :ncreased from 49.5 to 
62.1% and from 49.8 to 71.7%,

respectively, by ammoniatlon. 
 The digestibility of nitrogen added
to the hay during 
treatment was slightly greater than digestibility
 
of the native nitrogen.
 

Animals fed ammonlated hay consumi 
 17% more dry matter dailythan animals fed untreated hay. Consump,.on averaged 66.2 and 77.1
g/kg 0 "75 , respectively, for the untreated and ammonlated hays.

Animals consuming ammonlated hay gained 0.21 kg/day more than

animals consuming untreated hay. 
 Corn grain, fed at 1.80 kg/head

daily, Increased daily gain of animals consuming treated hay 
from

0.16 to 0.45 kg. Similar supplementation of animals consuming

ammonlafed hay Increased daily gain 
from 0.37 to 0.69 kg. Protein
supplementation did not 
further increase the weight gain of animals

consuming ammonlated hay. Apparently the nitrogen added to the 
hay
during ammonlation was utilized well 
enough to preclude the need for
 
additional protein supplementation.
 

Key words: welghi gain, digestibility, fiber, Intake, hay
 
supplementation.
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10-2-4 Floodland Grass Utilization for Feed Production 

Under North Siberia Conditions 

L. A. Granova
 

The Siberian Fodder Research inst itte, USSR
 

In the Nor th regions of :liberia we hav, favor.I11, condi tions for 

many hIiv f; ,ds and pasturesdeveloping animal husbandry. Theore are 

on the floodland. of the Siberan rivers ((b, I rtii;i, and senisey), 
lill tic conditionswith hig.h pote("tial produc tivity. Ilowever, e 

in thin zone (wet soils, hih humidity and floodini perlois of 40 to 

80 days) complicate the harvestiiw of high citlity forae. 'The pur

pose of our experiments was to dlerlop the010 i dah lo of moist hay 

preservat ion as well as enriching grass maI wi tIi synthetic nitro

gelous Substance ( S') . 

A new soetihod 0t1 enrichin rass im-al with SNS i, .- liorated 
30,7. Ourto prepare ii dil',r ;s 1ddit ives with1 protein contet ip to 

task was to d,,termiii tiLe stabil ity of availabl I utritiento and the 

quality 1 preserved foragt after lei,,tiy storau-e and Lth effects 

of feed on animal lialh and animol productt;. 

P'reserving" choractesristics of formic and propiouic acids and 

' h. :ida were applied to sundriedbaciLtracin i w(er,- letermined. 

veetable mass at the rate of 0, 0. 1, OI. i, 1 .0, 1 .5 and 2.0' dry 

imat ter . Baci tricin was applied at t he raLte Of 0.(11, 0.05 a1111 0.1, 

dry sattor. During, tiutefirst P)1 dayS tile l.'y temperature was measured 

dily,. tlay 50[ileOS were analyzed monthly. Nutri ot lovels were 

io:.tli of storage.determined iliti !Ily and after 3, 6 0111 9 

In the hay treated with SNS or foirmic a11 propionic acids at 

c -1.5. there was no loss of dry matter and availableth, rate 
nutriints, but in control sampyles the loss was; 59.5 to (2 ",. Pro

pionic acid and SNIS complica ted thi developollit of moldy fungi, 

yeast; and Ilitrifactive, butyric acid and lactic acid bacteria. 

Propioluic acid lland SNS appare to Ib, miore ,ff-ctive ini reducing fungi 

till in rdlCiin, balcteri . TreatI forage had no effect on milk and 

tieit quality. [iestibility of organic substance and average doily 

gal by i were increase-d by treating the forage. Preservedniv s 

hay ill miila l die-ts had no0 nedtive iffect Loi hematologic, biochueITI 

ical or clinical indic s. . 

feeding. InorganicProtein conctllratle was isod for cattle 

diested i f stuffici ent levels of (iigestible carbohydrate,nittroe n wa 
ald Were anilmla i dicts. (rass imo]initierial iuhlstallce i vitolmins ill 

promoti t good digestibi li y of ilorgailic init rogel by alimals. 

The ldvalltag l ofi chmicil trtotisIi-nt were plove'n by prodluction 

L:.peri.. nts that slowed the potont itl of Such treatment for agri

culture, -specially ill zan.; with ilnavibrale climaLti conditions. 

Treat ilg of hi.h loi urt hay (25-35") with chemical preser

of nutrientvative.' significantly decreased (by 2-2.5 times) the loss 

vgetatiwy nas with SN:S resiulted in forsubstances. Enriching tic 

which is of value to rumhinants.mation of amidograss substai,c 

Key word I - servatives , propionic acid, butyric acid, bacitracin, 

syntlietic nitrogen, animal performance, harvest tecli

nology, forage qualiLy, storage losses , nitrogen enrich

ment.
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10-3-i 
 Effect of Delayed Sealing During the Ensiling

Process on Fermentation and Dry Matter Loss
 

N. Takano, Y. Masaoka and T. Manda

National Grassland Research institute, Japan
 

Two experiments were carried out from 1976 to 1980 to ascertainthe effect of delayed sealing on fermentation, DM loss, digest
ibillty and silage intake.
 
1) The effect of delayed sealing (up to 72 hours) of grass and
corn silage in laboratory silos ol fermentation quality with
storage temperatures 15at and '30 C, moisture content from 49 to85 %, WSC content ranging from 11.1 to 17.5 % and andwith without 
an addition of (.25 Z formic acid were tested. In all casesdelayed sealing resulted in the production of poor quality silagewith high gIl valin-.; and low lactic acid content. Moreover, silagequality deterioration was accelerated by Increases in delay time,storage temperature, noisture content and by lowering of WSCcontent of the ensiled materials. Formic acid addition before
 en siling eliminated silage qualilty deterioration caused by 
 tile
 
delayed sealing.

2) High moisture Italian rvegrass 
was harvested with a cylinderharvester at ear ly heading stage and ensiled three times in each
 
of two 4.5 miexperimental tower silos.
14.1 	 This green forage tontainedDM, 15.1 1 1 .2 7 LISC and 13.6 ± 0.8 7 crude protein on a
DM bdsis. Silo I was sealed immediatelv after each ensiling by

using the plastic bag liner method, silo
while If was 	 sealedafter 48 hours delay at -ach ensiling (open for a total of 144

hours) using the same plastic bag liner method.


During the ensiling process 
 in the silo where sealing had been
delaVed miaximum ferme ntation temperature in the middle layer was
34.9 ± 	 1 .6 C and 50.8 C in the top layer. By comparison,in thesilo that had been sea led iMMed iat iy max imum temperature was22.0 ± 	0.8 C. 
 elIaved Sealing produced silages of high pil values
with high butyric acid and VBN ond 
 low lactic acid content. DMlosses 	 during ensiling were also high in these aerated silages.
The DM 	digestibility (in vivo) and intake of silage from thesilo wh- cl ,t been sealed immediately was slightly higher, though

not statistically significant, than the aerated silage.

From these experiments, it is conclude(] 
 that delayed sealingof a silo has not only an immediate effect on the tipper layers

of the ensiled mass but can also cause deterioration of the lowerlayers, 	even after seal ing has been accomplished. Moreover,the effect of delayed sealing on fermentation and MI loss may beincreased by attendant conditions of warm weather, low OM antd
WSC contents of the ensiled materials. 
More detailed expernmental research is required. 

Key words: 	 silage, delayed sealing, silage fermentation,
 
dry matter loss.
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10-3-2 Interrelationships ',etween Pattern of
 

Fermentation During Ensilage and Initial Crop Composition
 

J. M. Wilkinson, P. F. Chapman, R. J. Wilkins, 

and R. F. Wilson 

The Grassland Research Institute, United Kingdom 

Relationships between crop composition and sil.:ge composition
 

were examined for 255 silages made at the Grassland Rcsearch Institute 

from 1968-78 without additive.
 

A test was made of 
the model of Weissbach et at. (Proc. 12
 

3, 663-673) in which silage characteristicsInternat. Grassld Congr. 

were related to the percentage of dry matter in the crop (DM) and 

the ratio of sugar (Z) to buffering capacity ([K). Although these 

factors accounted for significant variance, the percentage accounted 

for was low at 32% for lactic acid (% total acids), 29Z for Flieg
 

acid (%Index, 18% for ammonia-N (Z total N) and 10% for butyric 

total acids). Consideration of the separate effects of DM, Z and PK 

accounted for a slightly higher percentage of the variance, except 

for butyric acid, where the Weissbach model gave the better fit. 

Z (% of fresh weight), appeared to be more importantVariation in 
than variation in the other factors. 

was carried out according to silage characteris-Cluster analysis 

tics and the silages formed seven distinctive groups, three of which 

preserved and four poorly preserved. All the were considered well 
DM, Z, Z/PK, N (% fresh weight)crop characteristics examined - PK, 

mean values for
and p1l- varied significantly with silage group and 


were significantly higher for the three well-preserved groups thanZ 
for the other groups. The percentage of poorly preserved silages 

Z; for Z contents below 3% some 31% of
decreased with increase in 


the silages were poorly preserved, whereas when Z was above 3% only 

8% of the silages were poorly preserved. It is concluded that Z
 

alone can indicate in broad terms the probability of obtaining good 

the use of additive. Further research onpreservation without 

physical, chemical and microbiological factors would be needed for
 

precise predictions of 
the course of the silage fermentation.
 

Key words: crop composition, fermentation pattern, ensilage,
 

silage composition.
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10-3-3 Quality and Feeding Value of Grass Silages
Made with Different Additatives
 

W. Podkowka, J. Grajewski, J. Mikolajczak and J. Janas

Instytut Zootechniczny Akademii Techniczno-Rolniczej, Poland
 

Several grass silages were made, with the following additives: 

1. Control, without additives. 
2. Lactipharm, a microbiological additive. 
3. Acidol, 
a mixture of organic and mineral acids.
 
4. Master Mix Ensil-ATE, an enzymatic additive.
 

In samples of silages, the basic components and the contentsof sugar, starch, ,H, aTmonium, alcohol and acids were determined.
Thle digestibility of nutrients was measured using balancc methodsin sheep. The evaluation of silage quality was made according to
 
the Flieg-Zimner scale. 

T'he investigations showed that the silages containing acidoland Lactipharm were highest in quality and feeding value. The control treatment resulted in the poorest silage. 

Key words: silage, additives, quality, nutritive value.
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10-3-4 Addition of Lactobacillus Species to Aid the
 

Fermentation of Alfalfa, Corn, Sorghum and Wheat Forages 

Nancy J. Nooni and L. 0. Ely
 

University of Georgia and Colorado State University, U.S.A.
 

as silage has increased, so has the

As preservation of forage 


use of additives to enhance acid fermentation. Many of the
 

the market contain microflora
fermentation aids currently on to
 
study are


insure a lactic acid fermentation. The objectives of this 


fermentation in a variety of
 to characterize the basic patterns of 

the effects of adding selected microflora to
 crops and to evaluate 


Four crops were ensiled each
forages to enhance the fermentation. 

of 3 seasons. Alfalfa was harvested at 20-40% bloom, second cut;
 

stage; corn was cut in the soft
wheat was cut in the early dough 
dent stage; and sorghum was havested at an early dough staga. 

used during the three years of trials included aTreatments 
commercially prep,.red dried preparation of Lactobacillus acidophilus
 

us
and Candida sp, a frozen commercial preparation of LactohaciTl 

plantarum or a Lactobacillus plantarum isolated from corn silage and 

in the laboratory as a frozen concentrated culture. Theprepared 
thF timeof ensiling at concentrations uf
inoculum was added at 


O /q silage fresh weight.viable populations of l0 to 3 
was packed in (.'1m

freshly harvested forageFifty-five Kg of 
11,16, fermentation one
steel driJms. After 1, 2, 4, and 32 (Jays of 

drum each for the treatment and control silage was opened for 

analysis. PH was determined on a fresh sample. A sample was air 
of dry matter, crude protein,dried and (iround for determination 

crude fiber, crude fat, nitrogen free extract, and soluble 

Fresh samples were used for microbiologicalcarbohydrate. 
facultative anaerobicdeterminations including lactobacilli, 

cocci, and yeasts and molds. The silagesbacteria, lactic acid 
in their rate and extent of fermentation, microflora anddiffer 

had hgh recovery
recovery of nutrients. Corn and sorghum silages 

of nutrients while alfalfa and wheat fermentations we e 

intermediate. Study (ifnatural nicroflora of fresh forages 

few (10 /I) lactic acid bacteria are present in wheat
indicated 
bil highber uimuibers were recovered from alfalfa (10 5/g) and corn or 

sorqhum ( 1On/q) silaqes. Hiqher populations of lactic acid 

bacteria ensured faster acid production and pl decline in control
 
sp. had no effect

silages. Addition of L. acidophilus and Fandida 
L. plantarum caused increases in
 on the fermentation. Akddition of 

populations of lactobacilli during the fermentation, more rapid pH 

declines but only slight differences in recovery of nutrients.
 

silage, inoculation, Lactobacillus, fermentation.
Key words: 
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10-3-5 Effect of Formic Acid/Formaldehvld Treatments
onl the Nitrogenous con;t ittoents in Annial Ryegrass Silage 

. F ishian, F. .,-cllai, and D.L. Burdick
UISDA-SEA-Al Elas tern Reg'iona 1 Research Center, U.,S.A. 

Prevention of prott-o lysis (hir'ing ensiling a; i imporltiLI illpreserving Li iltnutrit ive Va tie Of si aej1. n ,liice,ti im-chalnism bywhich sil igie protein is protct-ed ag-ainst dlegradation was atitdieIin Wi I ted aninmal ryv g raas (1,i iti fli i ti florum Lam. ) a ilage pretreiatid with ,r*i ari i, ormaldehyeil, aod :i lormic acid-formaldehyde inixtirl . A mitho ftor lhtf-riliining optimum condition ;levilS of additivea,; or 
or tHI iprotectioti of tru, ;ilage protein 

i,l l;t d iegradit i wa; dev loped.

Raw-wilted rvegra;s, 
 -'t ntro rvegrasa silage, and treatedy' ri'i'i.as; ;iI yeg wire t iXt ii ;rnil frait iiiiiitii ili iirciiiditionspr-",i ; lv loiri tio mix mii '. yiild o if iitrogiel'loi; co(iii t it rilt-s andminimiZi pr-t iolysi; a urin . thii extract iono f ItrFI r hi rass. Ext rac-Lions; wi,'I-, v horic icid-horat ii tffer at pll 8.0 with and withoutdiett'rgeit ( r.,,,solIin I o(Iecyl :it] f Lt) . Soil 11 metaI) i ail fate , aillant i-oxId. irit-, was included iii all extrractioii. The fraL tions,ohtained by di ferinc in extract-tibility, soliubi I itv, arid tmolecularstzo', were ,ins lyzii for nitrogen (7oitti'i;and il i l het cas of theso]ltdii tr;t tJrL;, riin;t moment ;ialtiret molel, ar wei ghts wereii'terminled ih a s;it-i l] y dlv .ies Ifid aitimat,(ii gel fi] tration alparatus.F-or the, f orle, ext r touctdwitlotit i iterg'rit, the percietinage of total
iiit rogien ui; nI-,'xtra('tali- il)lili. re.ithir was 72.5 
 for formic

ii rmfldthyd , t ratd :i Iage, 6).8 for the "wi 63.4Ited" control ,for fIr.lIelide treat ed, 49.1 for Ioriic acii IreatLel, aijif 41.0tor L Ile 1i t roi' Li[ s laI ge . The jo, rcin tage I so to t;i LI i Lrogenix t ;i il t I i;to I i 1)1lt L roitr - if w.; 17. I fo r w I Lv( cont ro I , 12.9lot t o I-lfr omlha I ,Iife Iot'.t eI s I a;ge, 7.6 for frrim Id,Iivde t reateI
aiI age, .8 liii formi - acid tireateid si lage, :inii 2.7 for tim 
 untreatedoofIItt si Iage. The wilted iontrol ontaineid 21.7% of aolubifile,,I) rot in'' whtrviaj; thei illt r'atetd ciiLtrtil Is%I agesao 111 i]e "prot.rin." Twi ormi -
ro ta i flei 47.8% 

ac id, forma I diohydf., and formica'itI-orniild.ivtydv tr'a.idtl ; Iaileas contitained 38. 1 , 2 . 1, aid 18.6%so Iu11 Ill t rogeit , rapectively. Also, is ofeterilli ned 1)y gI cIroma .oiraphy , tic' I reatel Si Iag s had a ii glier rtiIat lv ron'eitirat i onof1 hi gli lli i(ctL -,1w 'i gut t o I yjtiptI hies thtl th' control sli age.
Wit II th' if l it i I) of (hterIyi,- t to tti,' u r 
 '- 14, mrore ni trogenwas ,ixtiractifd Io iIi ath1 t ii] if -t, ifi tI-ogcri i,:is soii)iii I izNeitfeir fIorrmiii-u i l or f,-i';i.il,-IvIi, prilti- t s Iro'eia 
d. 
tiormal lyoluble ill the plant Iill Ior- iI tiin.t vs atna'roI i t -tivit v. Bothtrittmen a retut'r the extraitahi itv and therefori th il dgrailahililtyot tolvpeptie astoci lti wWidi i.'] ritliir,iiii.'; ald the, p];lint matrix.At tii l'v,, I TIiloaedl, tintsa I dfifihtfI.o i s afI)oil twimev it;foirmic ;1( ]d ill lir tt 

if ect ivv a s 
L i it:;, fbut tilt t o theirig tei comleimenrtary

nl )Ifr thfir mitf-chart isit. If prot('tion, t.- effect oil proitectionof toll filliiig both chi'imiiA ; in ot , tra rnem't itt th,' -, ; i,itivity. 
wtrd.: ,liannual rya ,r-i-,a-;, o,, I i -itt I t i f itrr l.mamag,. , sLi 

fo rm ic a c i f- i r m.-I-rh r tm , t , r t'e i s 
polvpept itf,. 

i 
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Influence of Rainfall during Drying on 
the
 

Chemical Composition of Alfalfa, Red Clover, 
and
 

Birdsfoot Trefoil
 

10-4-1 


Michael Collins
 

University of Wisconsin, U.S.A.
 

common in many areas of the
 
Rainfall during field hay drying 

is 


not available concerning quality
 
United States; however, data are 


to study
 
losses due comto leaching. The objective of this research 

was 


the effects of simulated rainfall 
during drying on the chemical 


Plants
 
position of alfalfa, red clover, 

and birdsfoot trefoil hay. 


greenhouse and the
 
of each species were grown to first flower in the 


1) control (no wetting), collected at
 following treatments imposed: 

drying; 3) control,
 

clipping; 2) control, collected 
after 48 hr of 


cm rainfall
 
collected after 96 hr of drying 

(96 hr control); 4) 2.5 


applied 48 hr after clipping (forage collected 
immediately); 5) as
 

in 4 but forage left in place to dry for 48 hr after wetting; 
and
 

24 hr and 48 hr after clipping, then allowed
 
cm 


was placed on aluminum screens 
placed over
6) wetted with 2.5 


48 hr. Forage 


to allow collection of shattered 
leaves.
to dry for 


bluegrass sod 


Dry matter percentage after 48 hr without wetting ranged from
 

74.3% for red clover. Wetting twice (Trt. 6)
 
70.8% for alfalfa to 
 for birdsfoot
 
reduced leaf percentage by 20.0% 

for alfalfa and 11.0% 

the same time.
 

trefoil compared with unw¢etted 
forage collected at 


Cell wall concentration increased 
drastically in response to
 

39.9%
 
Red clov. r increased from 29.1% 

to 

multiple wetting (Trt. 6). 


increased
 
cell wall in response to wetting twice, birdsfoot trefoil 


to 40.8% cell wall, and alfalfa 
increased from 32.3% to
 

from 31.0% 

reduced slightly by a single
 

Total sugar concentration ias
38.4%. 

so by multiple wetting. 
The reduction 

compared with
 
wetting and more 


for alfalfa, 50.9% for birdsfoot 
tre

unwetted forage averaged 43.6% 

Total nitrogen (N) concentration
 

foil, and 59.5% for red clover. 


change greatly during drying in unwetted tissue of 
either
 
did not 


Red clover N concentration increased 
from 2.33% for the
 

species. 

2.80% in response to wetting twice
 96 hr control (unwetted) to 


found for birdsfoot trefoil but
 A similar increase was
(Trt. 6). 

It is possible that the increase in 

N concentration
 
not for alfalfa. 


some other cellular constituents
 rapid leaching of

results from more 


compared with the 
legume species differ in suscepti

protein.
 

These results indicate that 
 Additional
to rainfall during drying.
bility to quality losses due 


needed to evaluate the influence 
of maturity stage,
 

research is 

leaching, respiration,
 

mechanical crushing, and other 
factors on 


and leaf losses.
 

L., Lotus
Trifolium repens
Key words: Medicago sativa L., 


in vitro dry matter disappearance,
corniculatus L., 


cell wall constituents. 
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10-4-2 Effects of Microwave Treatment on Drying
 
and Respiration in Cut Alfalfa
 

S.A. 	 Seit, D.A. Holt , V.L. Lecltenberg, and R.J. Vetter 
l'utLlie University, U.S.A. 

After forage crops are cut mechanically, they usually undergo

sonm degree of natural 
 drying before being stored or further pro
cessed. Durinq early drying,stages of plant respiration continues. 
Treatments or manaqenmnt practices which drying andhasten reduce
 
post-harvest respiration are '-iirable, because they minimize
quantity and 
quality losses. Our objective was to detennine the
effects of brief microwave treatnmnt on subsequent natural drying 
rate and respiration of alfalfa (Medicaqo sativa L.).

Duplicate samples of field-grown Apollo alfalfa were subjected
to focused microwave energy (24150 MUz) generated at 0.25, 0.50, or 1.0
kilowatt of power for 3, 6, or 12 se-conds. Control and microwave
 
treated samples were dried at 0 relative humidity in a drying

chamber. 
 Misture percentage and respiration rates were niasured

hilnisiately before and after microwave treatment and 18 hours after
 
treatment.
 

A hypothetical example 
 is given to show that simall reductions
 
in initial nioisture percentage of forage are associated with rela
tively 1arge water losses. Conversely, relatively mall almunts
 
of water must Le removed to 
dry a smple that is already less than
 
50% Ioisture.
 

Increasing xower and time 
of exposure 	 to microwave energy in
creased the of water theanount lost during treatment and decreased
 
percent moisture and respiration rates in samples masured 
 im
mediately after treatmeont. The initial treatment rerioved 6 to 37%
nf the original leaf sample water, dependii.g on power and exposure
time. Respiration was reduced slightly by weaker treatments but
copn)letely inactivated by longer, highe'r power treatment-s.
 

All except the weakest micaowave treatmiient resulted in samples

that contain'( less than half as much Inoisture 
as the controls
after 18 hours at 0 relative humidity. By 18 hours post-treatment
respiration 	rates of treated smq)les were half or less than half 
of the respiration rat:ei of control samples, mst of the treat
ments havinq conpletely or almost ccm)letely inactivated respira
tion by that time. Stem drying and respiration rates were more
 
labile to microwave treatment tian those of leaves.
 

We conclude that 	brief, focused microwave treatment removes 
substantial amwrunts of noisture from alfalfa andleaves stels,
results in 
lower total drying time, and reduces or stops respira
tion. The treatments imposed had range of effectsa 	 and the re
sulting data can 	serve aas base for future calculations of powei
requiemnnts and economic thresholds. 

Key words: 	 microwave, alfalfa, Medicago sativa L., drying, 
respiration. 
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to Increase
10-4-3 Alternative Treatment Systems 

ti l)ryin g Rat ,; of Grt,. I'ra' Crops 

F;. Klintwsr nd O.D.It1 le 

Institute of Ag ricilitural Engineering, U.K.National 

which aim
Forms of' codtii tonifltlrsitTlelit aft! [teinl developed 

of the crop cuticle ,qitloutto minimil:e 	 the harriee effect 
too much of te structural strte-igtlh of" he herbage.sacrificing 

Lffective surface atWa,;sun arid Iavourable winidrO ;tructure can be 

spoked rotors, which arle now beginning to beachieved with steel 
plastic brushes have been

offered commercially. More recently, 

developed because the higher population density and yielding ability 

of the crop enqagis telemefts;, plus the ah-Sence of metal components, 

appeared to offer additional advaLtages. 

Four difif eerit brush conditioner .;ystem.s have been evaluated 

and in replicated fie[d expertiients, huRftsudded
in the laboratory 

the crops
brushes uing triiobar filaments ILfLed and conveyed 

s and carried the conditioningmore effi etively than full brush 

effect deeper into the crop layer. Nith regard to crop drying 
levels of' 

rate improvemept and digestible dry matter yield, 


recorded with brtsh ,;yst-ums which exceeded

effectivenleL have been 

, even ill wet wather.
those obtained with commercial conditiorr 

ef the plastic eJemnt; isI low. Durability is alreadyCost 
tuid has tLhe potential of beingnear acceptance by farmers 

improved subsLanttially furthur. 

plastic brush
Key words: 	 moer-conditinstr, hay corditioning, 

conditioner, drying rate improvement, green crop 

trea tuient, forage molwing andul conditionino. 
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10-4-4 Hastening flay Drying 

J.W. Thomas, T.R. Johnson, M.A. Wiegart, C.M. Hansen 
M.B. Tesar and Z. Helsel 

Michigan State University, U.S.A. 

The objectives of these studies were to increase the drying
rate of cut alfalfa by treating with chemical solutions and toexamine factors that influenced drying. Time to dry and drying rate
of cut alfalfa were studied under laboratory and field conditions.Treatment consisted of spraying the cut alfalfa with methyl esters

of long chain fat acids, an emulsifier 
alone and/or in combination
with a potassium carbonate solution. Alfalfa sprayed with solutionsof each chemical under specified conditions increased drying rate anddecreased drying time to 60 or 75% dry imatter or average dry matterduring the trial. The combination of 0.2M potassium carbonate plus
2 to 4% methyl ester plus 0.25% emulsifier produced faster dryingthan either component alone of that concentration. A successful 
application rate of that solution was 4% of the weight of tihe fresh 
sprayed alfalfa.
 

Crass had faster drying ratoq than did alfalfa but tie three
component spray solution did not enhance tie drying of grass as it(lid for alfalfa. Mature alfalfa dried faster than alfalfa in the

1/5 bloom stage. 
 Field trials showed that spraying would hasten

drying of alfalfa 
at both growth stages. Hieav1ly crimped alfalfa

dried more quickly 
 than did lightly crimped alfalfa. When sprayed
drying was hastened and both crimpings were about eqaal In drying
 
ra te.
 

r lThedrying measurements 
 were made by weighing the treated

alafali on a screen at intervals 
as it dried in the field or laboratory. Under field conditions significant correlation coefficients

between water (weight watercontent of t weight of dry matter) andother variables at time "T" were: a) time since cutting (-.82); b)
amount of sunshine (-.24); c) vapor pressure deficit (-.20); d)initial moisture content (+.29) and e) relative humidity (+.19).
Multiple regression equations indicated that methyl esters andpotassfium carbonates hastened a decrease in moisture content and

that the laboratory 
 and field trials were from different samplepopulations probably todie differing environmental regimes during
drying. In nnrmal field drying hay three independent variables
(relative irumidity, initial moisture content and time sincecutting)
accounted for 75% of the variation in moisture content. Inclusion
of 8 to 10 variables in the regression equation increased R2 to 82.Spray treatment al lowed improved quaIl Ity of hay to be made. i'lls 
type approach should provide guidance in evaluating factors inf.',
encing the drying rate of forages. 

Key words: alfalfa, drying, hay quality, methyl esters, potassium 
carbonate, drying forages. 
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Wet Fractionation of Alfalfa:
 
A Direct Forage 1larvesting System
 

Michael Collins, R.G. Koegel, N.A. Jorgensen, and II.W. Ream
 
University of Wisconsin, U.S.A.
 

10-5-1 

silage wilting reduces
 

alfalfa forage yield and quality. A wet fractionation forage system, 

under development at the University of Wisconsin, is designed to re

duce the weather dependence of alfalfa harvest and to produce a 

Precipitation during hay drying or 


or to monousable protein concentrate which can be fed to ruminants 

gastrics.
 
In this system, fresh forage is macerated and pressed to remove
 

moisture. A forage product containing 32approximately 30% of the 
38% dry matter (DM) results which can be ensiled directly. In ad

contained in the plant juice can be coagulateddition the protein 
and removed. The rema!ning deproteinized juice contains large 

quantities of mineral nutrients which can be returned to the soil. 

This process, termed wet fractionation, has several potential 

1) less weather dependent harvesting which minimizesadvantages: 
harvest losses, 2) reduced harvesting time, 3) reduced fertilizer
 

requirements, and 4) ability to harvest protein from land unsuited 

to row crops because of slope. 

Maceration of the crop is accomplished by extrusion through 
exsmall openings thus resulting in rupture of plant cells. Juice 

pression is required to increase the DMpercentage of the crop from 

35% which is necessary for proper enan initial level of 18-20% to 

siling. A cone type press is under development to accomplish th'.s.
 

been utilized to raise the temperature of the
Steam has generally 
juice to 80 C to coagulate the protein. New protein coagulation
 

Include fermentation and acidification by
methods being studied 

mineral ac ids.
 

reduces the 	 crude protein concentration of alfalfaPressing 
forage and increases the neutral and acid detergent fiber concentra

tion compared with field wilted, ensiled alfalfa. The apparent di
compared with
gestibility 	of pressed forage dry matter averaged 61.9% 


acid (0.6% w/w) was added to
62.8% for wilted silape. When formic 

dry matter intake was increasedthe pressed forage at ensiling the 


to a level 3imilar to that of wilted alfalfa silage.
 
con-Deproteinized juice from alfalfa has been found to contain 

to alfalfastderable quantities of nutrients which can be reapplied 

or other crops as a f,.rtiLIzer. Deprotuinized juice from the heat 

from crop grown high fertilityroavulation 	process first alfalfa on 
soil contained 0)021/1, 0.232% K, and 0.012% S. Juice deproteinized 

0.055% S but alsoby fermentation contained 0.0837 P, 0.515% K, and 

0.40% N compared with 0.09% N in heat deproteinized juice.contained 
other deproteinizationResearch [s under way to evaluate juice from 


me thods.
 
The goals of this ongoing research project are to improve the
 

of alfalfa forage, to reduce the weather dependence of the
quality 

protein product.
harvest process, and to extract a usuable 

KV wor: 	 alfalfa, Mod cago sativa, forage harvesting, protein, 

frartionation, ciig,,st i hility. 
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10-5-2 Stage and Tendencies in Mechanization of Forage
 
Harvesting in the German Democratic Republic
 

V. 1). Ilaenel 
Veb Kombinat Fortschritt Landmaschinen, Saxony, G.D.R. 

A major problem in many countries is the manufacture of more

nutrients for animal production without increasing cultivated acreage
 
or manpower. 
 In the period 1949 to 1978 the G.D.R. succeeded in
doubling fodder plant production while reducing manpower by more than 
half. Applied chemistry and land improvement contributed extensively 
to such positive development. 

Emphasis on mechinization of forage harvesting is increasing with
machine s being develope d to accomplish harvesting and preserving with
minimal losses. The techniques include: fresh-forage harvesting for
feeding and ensiling; wilt-forage harvesting for ensiling; and hay
mak ing.
 

Fresh cut fodder is produced and fed at comparatively lower
 
cost; and without preservation losses. Self-propelled forage har
vesters have prove useful, especially for supplying forage for the
 
big animal production plants.
 

Silage corn is the choice fodder plant for fresii cut forages.
Admixing of urea with the naize-forage enhances the fodder quality

for cattle feeding purposes. Wilt-forage harvesting for silaging
 
litilizes the from aind to
energy the sin wind improve silages from 
grasses and fodder plnLts. lie drying or wilting process can be
hastened by a swather machine which uses an oscillating cutting unit 
that crusies tih- stalks to achiweve pre-wilting. Fresh and wilted 
ensilages are stored in reinforced horizontal hoppers. The distribu
tion and comipacting is accomplished with tractors mobile. The hIigh
costs of tower silos makes this type of minor importance for the
 
futir,'.
 

In the German Democratic 
 Re11blic tile goals for mechanization of 
forlge harvesting are as follows: 
- i Icr asiung efficiency 
- reduction of crop losses 
- maximum utilization of natuiral energy sources for the ensiling pro

- increased safety 
- improved energy efficiency 
- reduction of specific fuel consumption and mass-power factors. 

Key words: forage harvesting, energy requirements, efficiency.
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10-5-3 Comparison of Conservation Methods 

Under Controlled Practical Conditions 

1. jlon i, 8 K. !iohr, I. Zimmer 

Federal Research Center of Ag;ricult ure (FAL), W. Germaiy 

the inand more important for utilizing
Forage quality gets more 

ospe C ially in dairy production.
yield potential of ruminants,creasing 

colm1on llmethod'; of forage conserva-
Therefore comparisons of the 11tl;t 

ti .;[lave , aiii dried hay ,Iatd dehydra
tion - di.rect cut and low met 

\,yars 1l prOcisoly ,Vahllatev;eve'albeen carried out iortion - have 
and system losses. The ox

their diffIerent effeocts on forage quality 
controllted colditiolls. 

periment s were rUll under practit i0l, but strictly 
for 0llit Oll11 dV 

wasned a;S forag',, always; cut 
A ,rass'i[xtor 

t0 Crop Wan ;lddtiollll ly varied from 
Cuttitnv 11110 (Itroatmen t.o;. 

"',1hoo In''l to "''61 O Hsm .'' 

-I o:.:I'( t-TlI 0l1tS were .: Nutri.elt content 
ParI toLi0 s dotC rL1ilL' d ill 

bit i befoe and aft,'r con,1lervatio, lossies of dry matter 
and digt t 

doairy cows was
 
sid 11et 
 oller 1 'v. Ill threeO eXperi-.nlltS foira,,o illtalke bv 

, is 11 1011 y determilled 
Ih- txpe 11k1i t ti;l nlt r11t'lOlolitlt 

- rshow tht 
I Cll attL Sidt ntib lIityLby

wit a rted'Ct ioil Of 01b)ycutt tl time 
DM ill th.e range from 

oenCrv Olltt'1nt by 1.2 M,1//k,
I) points and nOt bymaximlllllll decrease 
il ,lV tO) 1(lIt' (,lit. Th ; 1-1isore 0,'k,.(1'' than the 

and 0.4 .1/kg DMi point; of di '0st ibili ty
prsor\v'Li101 Met11 &l Wiith 

i Op1i. n(m 1011h111,1' :. outbo(ptinll' colldi ioIns il 1l1-t 
no0t ollt'IV Mnill', 

t 
r, poor f1t ritI ietll or ovcrheal itn Li
 

fitvonrilb to pr1.wi 1toing we the


the - vo 1 in anl additional reduction of 3 to 6
 
dryer or si r1sult 

0.4 0.8 M /kl IM net e re .v 
poilts di .111.i I .'ity and to 

an 
t l '' ll 5 0'; r achod .15 - i1l di "ect cut si Iage, it were 

otiler methods under ,,ood,;t' 

I* , qual w! ith lilollt 1 "' lfor the1p1-0i('ically b

aion cond tins. But un1favoural l weather can 
Weatiher and fermtt 

t'lods to the level of
,f prewiltii,, iitogeasil i1ncr,a'e the los!-; th, '-


direCt 'lit 5silage. ie/<n t ; !lild,-r I i 1 t it- 1111oprtMlICe of euirlV Cut, as
 
}"CO'dili !I .:pu rr 

be0en reached a 
lalte clt reduet0 iltk;ik, ald tit i lioti~l. There has 


than with direct cut sLiages.

with mojl;tur'better in taike low 


t to te lolowink, co1clu i.onn:
 
te (:.:pX rh1li0lLn- All w driaw 

qualit y t influie cd by cutt1ing' time than by pre
- Rough .' 1.o" is , 


s.Cvcr .t [1111 [l1eht('1.11(
 

al tow to provide a 
sialge and barn dryiii,, of hi1:LOW floistLur)' 

in litIt' hw11 iglass, and at equal losses.d0hvrit-e1 
down by new effortsf0r ,0 eqIlUll 

- Weather risk dirtig, prewil Iti ,:1uld be cut 


to speed up til; process.
 

nutrient 
Key words: silage, hay, dehydration, comparison, grass, 

content, losses, cutting date 
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10-5-4 
on 

Iarvet ing ;!ld Pr 
Al faII a lr,qi j i t I 

o';il, 
i;i i i 

Effecu ; 
s' R1wui ; 

R.Bri t t m , 1). Rock, T. olls,mt -- ill .I ar , I '1 -rilI] 

tIIi v0 '!; itV 0 N''i a I ,-i i.:;.A 

Alfalfa (r nedicagp sativa) is an efficient and important means of producingsupplemental protein for ruminants. This research was undertaken tocharacterize the value of alfalfa protein for ruminants and how the protein isaffected by different harvesting or processing regimens. The effects ofmaturity (PRE , 1/10, 1/2 and F ILL bloom) and processing method freeze dried(WD), sun cured (SC) and oven heated (-)) on percent nitrogen (N), aciddetergent inso!ule N (ADIN), in vitro rumen anironia release (NI-I3) and in situ,rurien protein degradation using dacror ba;;i (Mag) were studied on irrigatedalfalfa harvested over two years. Plants were separated into !eaves and sternsafter harvest or processing and analyses conducted on each. Nitrogen decreased
(P .05) and AIMIN increased as 

contained approxirately 2.5 times as 


(P .05) plants became more mature. Leaves 
much N as stems. Processing, (SC and H)reduced (P .05) protein degradability measured by NIH3 and Sag. Heating

produced greater decreases in protein degradability than SC. Leaves respondedwore to processing methods than sterns. Two experiments were conducted to ase-,s heat dl'hydration effe:ts 
", 

for steer calves (200 kg). Low protein diets(60%ucorn cobs and 20%. corn) were supplernertal to 1 1.5% crude protein witheitil,.r urea, or combirations of SIM and or dehydrated alfalfa andurea urea.Data for both exp2rnrernients were pooled. Daily gain (kg) and feed/gain were:
.4il. 15.23; .47, 12.60 and .54, II.l,9 for urea, SIPM and dehy, respectively.Prote'in efficiency values are cilculated as the added gain of the test proteinanimalIs above the urea control !i- by the amount of test protein per day.Protein onficiency for SPM was .203 and . ,7 for dehy. These valuesd'ironstrate that heat dehydratiorn irreases the value of alfalfa protein forrimiln ts nv ecreasin , rurriral protein degradability. The last set ofexperirenrts evaluated effectsthe of mechanically removing solubles from
alfalfa and heatuihsequnt dehydration on tire ;alue of alfalfa protein forrmnrJn.iirts. N balance experiments with ;airbs showed that N digeF'ibility of the pres cake a)lfalfa ( IC)was reduct d (P .05) compared to regular uehy, SBM or urea, but that N balance was not il-,atively affected compared to regular dehyor SPM,'. lihr protein (P1) present in the liquid from the mechanically squeezing

of alfalfi ,an ibe harvested. The resultant liquid, called brown juice (WJ), 
 is 
partially concentrated and can he dried on the PC. The last experiment testedthe eff cienry of protein itilizatiorn ,f PC, iP'r BJ, PC- + 113 + P and normal
dehv ir stcel calves (I0 animnals/trt). 5)41 aed urea were included 
as positive
and negative cc:trols. Daily gain and feed efficit:ncy were: urea, .63, 8.22;

SPui, .66, 7.71; dehy, .71, 7.Ml; PC. 
 .77, 7.23; PC - 1Q, .78, 7.12 and PC + R3
P, .711, 7.29. Proton efficiency valutes were: 

+
 
Sbi41, .A1; dehy, 1.27; PC, I.48; PC11., 1.61o; and 4 * P, 1.37. data[iC 19 These demonstrate that removal ofsolribles from alfalfa does not decrease thre value of the protein remaining

ri,imnants and secondly, confirms 
for 

and erphasizes the positive effect of heat 
dehydration of alfalfa protein for ruminants. 

Key w ,ords: :h, ;,t iva., rurilun 

ru-'tt i,'yny -rition, Protori1'.
 

.' fa-r fa s.c-O,' protein degradabili ty, 
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10-5-5 Round Baling from Field Practices through
 
Storage and Feeding
 

W. L. Kjelgaard, P. M. Anderson, L. D. floffman 

L. L. Wilson, and II. 4. Harpster 

Pennsylvania State University, U.S.A.
 

technical information

The purpose of this research was to fill 


gaps for field practices, preservation of feed quality, and winter 

analysis compared labor and fuel
feeding of round bales. A model 

baling
requir-isents for round and rectangular bale systems. Round 

by 1/2 but
reduced harvesting, transport, and handling labor 

baling losses averiged
increased fuel use by a factor of 1.6. Field 


for round bales compared to 32 for rectangula- bales. All DM

1OZ 
losses from mowing through feeding of round bales, including 6
 

41% which reduced DII recovered from labor

months weathering, were 

and fuel inputs. CGmslduring DM available and acceptable as feed,
 
and 200% of the fuel of


round baling reqaircd 80% of the labor 
demands during field harvestingrectangular balin,. Ilowevr, labor 


wee reduced by round baling.
 

Field investigations of round baling included 2 machine sizes,
 

rates (kg/min) , che-mical preservatives, and measure
various baling 

losses decreased as 
ments of fed quality and DM losses. Baling 


double and triple windrows or

baling rate increa:;ed, either from 


triple

higher field speed. Greater raking losses for double and 


windrows aisplac d l)i saved by higher baling rates. Therefore,
 

similar various baling rates. Bale

overall field losses were for 


weight and dens.-ity decreased as baling rate increased. A 1% acid
 

miixture) for high-moisture round 
treatment (propionlic and acetic 

reduced IM losses and improved feed quality over
bales si.ificantly 


antreated f .eld-dried bales. Feeding experiments with beef brood
 

indicated that preservatives sigiificantly increased accepta
,ows; 

bility and 'hat feeding untreate'd field-cured round bales after 
6 

required 1/3 more DY than rectangulr bales
months outdoor storage 


from the Salie field 
but stored indoors. Weathering of the round 

and bottom spoilage significantly reduced D, feed
bale surface 
quality, and acceptability of that material. Bale interior portions 

niinLa ied feed quality comparable to bales stored indoors. 

labor, energy, nutrition,Key words: hay ,arvesting, round bales, 

preservatives, cattle feeding.
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10-6-I Compaction in the Ensiling of Forage 

A.ll. Bosma 
Institute of Agricultural Engineering, Netherlands 

In silage making the density of the forage is importatt for theefficient utilization of silo capacity, the load on the structure,
fermentation and the risk of air penetration.


In the various silage storage 
 systems, compaction is achieved indifferent ways. Compression can be continuous, intermittent or a
 
combination 
 of these two.
 

In tower silos continuous pressure 
 is exerted by the deadweight of the fodder column on In silostop. trench the forage isusually compressed intermittently by the tractor filling the silo.In the case of high trench silo, additional, continuous pressure
exerted by 
 the weight of the fodder column 
is 

on top. In the case ofcontinuous compression compaction can be expressed by the following 
formulas: 

=ft p) 2At + Bt (log [Ij

when At = 
 a, + a 2 log t and 

Bt " 3 + "1 log t.4 
ft forage ary density (kg di/m 3 

) after t hours of compression.
2p = vertical pressure (kN/m )

al - = coefficientsa 4 related to the type of silage. 
In case of intermitten compression compaction is aftected byload pressure, load time and tihe number of times the fodder is compressed. For a given load pressure the relation is: 

fn = a + In na 2 [2j
 
Influence of pressure 
 'n!d time can be de!.cribed by 
f = a 3 + a4 In t + a 5 (lop) 2 

[3] 
the following applying to formulas [2] and [3] 
n = number of times the fodder is compressed 
f = forage dry density kg dn/m3
 

t = load time (s)
 
p = vertical pressure (kN1/m2)
 
a1 - = coefficients
a 5 related to the type of silage.
 

The relation of th.! 
 coefficients to the type of silage (moisturecontent, chop length, st ige of maturity in the case of continuous andintermitten compression) will discussedbe in greater detail. 

Key words: ensiling, compacting, predicting compaction.
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1j-6-2 Evaluaition Of Foral'Z; "'"';itled in 
Limi.ing i osConcrete tiLve and (e'-yn 

j 	. I'I ry , Ii.',:.II,.-III ,In, :I I, . Bu II 

Utiivers ii,, o kI mtn c'ucIt.,;.A 

t1it itale s i lages stored in 
'his 	 study evaIl ed Corin anod 

I imi tin" silos duri , the 1978-80 period
and Ox'geo 

of OCii\oil flLontl] collditions inl each iloconcrete stave 
in ters Of the eflect 

of inliw lic.kly measurmets 
on silage stabil it) and kdin, 

il yeast and 111l0d coltelntsii ;e t emiittUer aetake, production, 
Stabi Iit) wat detennlined montmhly. Silo 

were 	 Made For each si lso, 
l.il Si e tCEjit-itre 

silo were hiter, aod the si I:ige was lesstype 	had no ftC.f ,on l intake 01 pIodiiM 

from 	 the oxy,,en I iWi tine 
Atave 	 silos. No advantages were

from 	 concretestable thal silage 
tl oxy.el limitingl structure coimipa;cd with con

observe d for 
tiOlnal COInCi't c stave SiiOs. 

Key words: sila!gc, corn, triticale, storage, stabili'i', yeast 

alld(Io d. 
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10 -3 In ti oi s I pBe Lween Silage QaIj tiy and-~ '-' 
LralteRedluet ionN.* 15~ During Fniilage 

' 

;~I"a7'1~'~>~K.AtaIku, 
' 

HHoriguchi, and T~iMatsuMOtO '' 

Tohoki* University1 Japan 

~ 'vantage-that:jit have~to occis16nally the disad-,~causes poisoning 'to ruminantsa.I,FOur recent 'studies,'however ,,have'shown that-a high conc ent'ration-'of nitrate 
tin t:ite-advantage 

inhibits the butyric, acid fermentW
4~~undertaken ofa the silage quality. This work was4.~to ,see the relationship between'silage'quaJlityan: h' pattern 'of nitrate 4 ~.reduction during ensilage.Abouof4 orchardgrass.chopped 0.5 cm long' was ,Mix'ed 
with, 0.05 % (W/W)ofK5NO3 (96 atom % xes)an 
u 

prepare" "on-trol, si'lage or1"sealed after 24 hours tolpre~Y''-pare4' "air-exposed, silage"!wit{h a rubber stopper fittedw,,ith a fermentation trap for gas 'absorption. " 

"Glucoseadded silage" was prepared
Sthat,2 as the control shlage except% (W/wI) glucose was

30 Cand 
added. The bcttles were kept~atthen opened aftera1,:2,

nitrite, ammonia and15nti 
4, 7 aI d 30 days. Nitrate, 

Devarda method, and 
oxide were c'etermined by the
N by the optical emr.ission spectro-,
metric;method.

The pH drop and 
>'nificant 'only 

the lactic acid prodicLtion were sig
within 

in the control and glucose-added silages2 days. Addition of glucose improved the silagea,
quality and exposure to air deteriorated the quality as4' evi~denc'ed by the determnination of plH,organic acids and
ammonia. The nitrate-6N decreased rapidly within 2 days 
 a~' to 0.3, 0.5 and 17.1 % in the air-exposed, control and
aglucose-added 
 silages, respectively." Production of small
"4 amounts of nitric oxide-15-N was observed only in the cont-rol @,nd' glucose-.added silag7s at thc 1st day and the 2nd 
" 

> daya'resnectively. Ammonia- N at the 30th day amounted97.7, 71.5 aiid 3C.5 %6in the air-exposed;, control and glu-
a, 

a
oose-added silages, respectively.
The pattern of nitrate reduction to nitrite,oxide and ammonia during ens nitric
ilage is closely' related to 
 4athe silage quality. The better the. silage quality is, the
smaller. is the extent'of nitrate-reduction to ammoniathea larger and.is .the production onircoxid'e.-


Key words:,orchardgrass, 
 silage, nitrate, nitrite, nitric 
a' 
 oxide, ammonia, nl trogen-15. 

aa 
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10-6-4 Nitrogen Value of Forages
 

Elizabeth Grenet, C. Demarquilly 
and J. Andrieu
 

Institut National de la Recherche 
Agronomique, France
 

given as fresh herbage, hay 	or
value of forages 

to exam -- the changes brought about by theThe 	 nitrogen 

silage was measured 

preservation method.
 

20 forages (16 grasses, 4 alfalfas, from first growth and re

were conserved
 
growth) were 
cut and conserved as hays, 

and 6 of them 


with formic acid. Digestibili
at the same time as direct-cut silages 

well nitrogenwere measured on sheep as as 
ty and voluntary intake 

(NH3 -N) and volatile fatty acids (VFA) in 
balance, ammonia nitrogen 

rumen liquor. 
% dry matter (DM1) and nutritive
 

The chemical composition as 	a 

crude protein (CP) 

value were, for fresh herbage and hay respectively, 
water soluble carbohydrates

14.0, 13.1 ; crude fibre (Cr) 26.7, 29.1 ; 
%total nitrogen (TN) 34.4,

8.9, 9.5 ; soluble nitrogen (SN)(WSC) ; crude protein 
36.0 ; organic matter digestibi]ity % (aID) 68.4, 63.7 

digestibility,. (CPD) 64.8, 58.8 ; crude fibre 
5 
digestibility % (CD) 

g/kg I.P.7 (VDMI) 71 .(, 62.7. As 
64.9, 6.1.3 and voluntary DM intake 

the 	feces 
balance, the proportion of nitrogen lost in 

regards nitrogen 
(1I) whereas the 

: 33.4 and 39.6 % nitrogen intake
(FN) increased % mI, and conse

in urine (UN) decreased : 55.6 and 48.9 
amount lost 

(RN 	 % NI) did not. differ 
quently the proportion of retained nitrogen 

due theherbage : 10.9 and 11.5. But to 
from that retained with fresh 

and 	 3.0. Rumen p1l (pl, average
g/day decreased : 3 .6lower NI, RN in 

as VFA : 83.9 and 83.1and 6.64, as well 

per 

(C2) :69.0 and 67.9%, propionic acid 
(C3 ) 20.6
day) was unchanged : 6.58 

mM/i, and acetic acid 	 per7.7 %. NIl-N (average
and 	 21.5 %, and butyric acid (CI) : 7.8 and 

and 145 mg/l.
higher for fresh herbage than for hay :166

day) was 

prepared were generally well preserved : their
 

The silages 
accounted for 50.4nitrogen contents 

value were, forsoluble nitrogen aid amonia 

TN. 	 The chemical composition and nutritive 
ane 	 7.7 1 

CP : 13.1, 11.3, 12.1
and silage respectively,fresh herbage, hay 

; OMD : 60.4, 61.9,: 10.2, 9.0, 4.7
CF : 27.2, 31.0, 28.7 ; WSC 

; VDMI : 68.7,: 63.2, 62.3, 67.2 
68.4 	 ; CPD : C-4.1, 56.0, 58.8 ; CFD 


balance, FN increased 
 less with silage
57.8. 	 As for nitrogen 

hay : 30.2, 44.6, 40.8, but Ul decreased in the same way56.6, 
than with 

This agrees with the average N 3 -N : 147, 129, 123. 
54.4, 48.0, 48.2. 


was higher with silage 
than with hay : 
Finelly the :iount of RN 11N 

per 	day it was aha'ut the same with 
9.4, 7.4, 11.1, but expressed in g 


to the decrease in
fresh herhage (2.7) duesilage (2.5) as with 
hay ft.5). p11 was about the 	 same 

intake, and was higher t )n 	 with 
6.55 and 6.63, as well as 

for fresh herbage, hay ind silage : 6. 51 

while was osnaller for silage : 66.5, 66.5, 
VFA : 79.2, 78.6, 77.4, C2 

62.7; C3 the same : 21.7, 22.0, 22.9 ; and C4 higher for silage : 9.2, 

to changes in t:,e chemical 
8.5, 10.5. The-e diffei snces might he due 

composition of silage.
 
the 	 amount of nitrogen retained with hay and 

In conclusion, 
as with the fresh herbage from which thoy

silage was about the same 
that hay was harvested in good climatic condi

were made, provided 

and silage was well preserved.
tions 

nitrogen balance,
Key 	 worts: forage, fresh herbage, hay, silage, 

sheep. 
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11-1-1 Effect of Herbage Mass and Allowance upon 
Ilerbage Intake by Grazing Dziiry Cows 

J. A. C. 'eijsInstitute for Livestock Feed iig and Nutrition Research, Netherlands 

An adequate supply of nutrients for grazing animal a depends on theintake and nutritive value of lherba;e LitCle information is availableon the factors affecting theliherbage intake of grazing cows, particularly for the grazing systems which do not involve daily change ofanimals to a new pasture. Our objecives were to determine the effectsof vaiiation in herbage mass (due to variation in stage of maturity)and of ierlage allowance on herbage intake by grazing dairy cows and onefficiency of coesumpt ion (herbage consumed as a proportion of herbage
accumulated).

From 19761 to 1979 the herbage intake of lactatin: cow; deterlliled at LIXlystad ill123 grazing 
was 

trials and in 28 Caltll--feeding trials.The pre-cut swards consisted predominantly of perennial ryoerass (Lolium perenne) . A sward-sampling technique was used for e!;t isating herbage intake by cows grazing swards for 3 o- 4 days, with correct ionsfor herbage accimul Iatioin di ring grazing . If lerlage samples wereo cut
both with a motor scythe and a lawnmower at start 
and finish of grazing,accurate 
intake figures could be obtained. 
]in1976 and 1977 the effect of herli;ipe mass (Il, kg ha ) was studiedduring 4 three-week periods. Within each period different levelswere established by allowing parts of1a 

of M 
sward to grow for periods oftime of variable lengti. 'Ilih - Idaily herbage allowance vkgp day ) was
kept equal for all treatment s. The tiCrcatlinents were compared in time
within the sash' group of 12 cows. 'Ih' e:periiient was performed both at
 

pasture anld indoorS.
 
'ith adva incing maturilty 'Iincreased significantly in tire. It wasshown Chat that. were no significMt efficts of hilher levels Nof ondail Cintake of orgalic lirittcr (0) from heriage, neith, r by grazing
ior by stal I -fed cows. In carl y 
 summe r CiheIe rb'age consulsed by IotI
groups of cowi showed a decline in di gestibility atCincreasinug 
maturity. As a consequence daily 
intake of nutrients from leriage-declined
significantly at higher ltvels of I and also affeiced milk productionnepoitiwly. lowever, 
ill Iate summer thtse effects were not si gnificant.l elci oiic fThe eI y Coinsumpti on was not offected significantly by I, so
the milas of resi cll ll hri-ba ge was proportional to MI.
hi 19783 .il] 1979 th-C levels of daily i lerbage
allowance (A) Were

by v ihi-v'id ii.a r rea grazed It equal levels of I for the treati,-icnts. liiiii- groups of , vowo wele iised illa 8-week cliange-over designcxpriment pv'r-formed twice -ach year. ligleh r Ieve Is of A had :aignificant i0sitiv' effects )IiiiIV intake of 0 and of nutrients from herbage and oiidailv milk production per gi-a;ig animal. The efficiencyof ciiism lp-tiol elined it iiher A 1l'v'Is. High imo tintsof residualhierbage however, had a strong positive effectC onlnet regrowth oifher')age, especially in eurly summer. In ailternating grazing-cutting systei; a lid allowance may he priifitable, both for the intake per animaland for the accumulation and consumption of herbage per unit area.

At a mean allow,.nc' leve Ii 2okg diy- I 


" above 4.5 cm our grazing cowsconsumed I3.(-14.8 kg dayI of 0 from her)mgi if no concentrates werefed. This was sufficient, at the quality of lieriage as in our trials,for a daily product ion of 47 fat-corrected milk if 22-23 kg.
i'Y 14rI;: li--has-, C l-;lumpt iml, -flfic ii-cv, if pclazio , li-i-bag'

aculC ll Ia-itiofl, - , 1 Ii , li'lib, ci,1 owani'c., stag- if
ciii,'lmlit, ilr ', ,'ii- s--------r+li ,'ll l- si;,dairy cows. 

3(3
 

http:allow,.nc


as Affected 
11-1-2 Forage Intake of Cattle 

by Grazing Pressure 

R.Rittenhouse
C. ). Allison, M. :1. Kothimana, and 1_. 

New ,lex ico S tate 11liver i IV and 

Col orado Stat Llnivrsity, U.S.A. 

A series of trials was conducted in 1977 to examine the
 

level of grazing pressure on organic matter intake 
and
 

effect of Levels
 
the relationship between intake and forage disappearance. 


50 kg forage
10, 20, 40, and 

of grazing pressure studied were 


unit per day (kg/au/day) for a 14-day trial.
 allowed per animal 

forage was measured before, during 

the
 
Standing crop of 


Organic matter intake
 
middle, and immediately after each trial. 


output:indigestibility ratio technique.
 was estimated by the fecal 

Cattle also
 was highest in April.
Organic matter intake The combination
 

forage in September than in July.

consumed more status explained thephysiologicalof forage quality and animal 

Cattle consumed approximately 
12 g/kg
 

in irpake by trial.
changes a trial than at
 
body weight' less organic matter by the end of 

10 and
 
A trend was exhibited for cattle 

under the 

the beginning. 
 the end of 
20 kg/au/day treatments L. consume less forage by 

they consumed at th; beginning of a trial.
 
trials than 


standing crop declined steadily during 
the grazing
 

Total 

trials, with forage availability being 

significantly less at the
 

the trials. Averaged over
 or middle of 

end than at the beginning 


per day were 8.5, 12.0,

losses per au 
the three trials, forage 


50 kg/au/day grazingfor the 10, 20, 40, and 

12.7, and 16.3 kg 
 intake averaged across
How ever, daily 
pressures, respectively. 


and trials was approximately 
9 kg/au/day.
 

treatments, periods,
all 
of 10 kg/au/day, forage disappear

the grazing pressure level
At pres
the average daily intake, whereas grazing 

ance approximated 
kg/au/day had forage disappearances tliat 

sures of 20, 40, and 50 
intdke by 28, 48, and 90%, respectively. These data
 

exceeded in the efficiency
for a two-fold increase 
indicate a possibility 
 grazing pressure is
 
forage harvest by grazing cattle 

as 

of 

increased.
 

intake, forage disappearance, grazing 
pressure.
 

Key words: 
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11-1-3 Stud it.'s on [til't- .r~ i Iiii ;k.' iii Bee f C.) t: LIv 

M.0 ! i if VlI 
cIf Ii toI- I t j 1

Johins town~l Ca"I. I ' l:n ' i i IIiI i t it I 7-,1;1, 

The di fferenc-,; obtjil or'i Ili iirmwoil piodcfuLj(io idir varyingqlnalnhigi'lf-rt yent!,ris ii-v not iw:v 'ilyexjitairied. -in-w objective wasto obtain if moril'e comle~]of0teoor ofi ' i Iii) ,i ~.lilyn ;yitniiij so Lhat 
mn iijei irn on of'il Ii'd -1t Joljei i('V (liii liiliillt-1 midduei vvi g i 

if If/'lj !i\'i ell !; Of tfr''f't [rodit)1 ol, Vonl, i eiiilieit. P!itorf(JilI lto 
e two

l wic h vti'ij !; I iolot IV frm you!' (1 \i -i- i ptoe-p tiioi l 

190 t~i/nOt0 lii' ifli i IWifi Nijirii\ liliIt 1']V 2ffitt ii/ij. %' orfiuir~hj 

ot~wl ni l li-lI! Iftwfiile fjjiit u f).2, t2 o il'tvlh ;c o II lid -iir
 

l qwInj lf o np m 
 tIP i1.(lMal-lr iiiool"f fr il i tI'l'iitllii'iitf wed fiililfo(f l! nLI i ' p!1 it,1,IF I I(v ,I tip( IFI ( tI 
tiiI !; i t i ii' lf I ff1I (t,ill; t I e! I I iiio i I o~ I Ift 

oit fo 11t , ,1 1iio~i'<fwi fifpo ti't l It fl'Ii' - i-iuo ntyf) 'i'l 7. ii
 
I h o' ullioi c ;i if ti 
 i ath ditoui q - rI' ii tfii il (f it Ulf ':oi' fit'ijipiif c -.- iii 

N il; o t i ,Iif(ill 1,t I1itt Iiff I ; ouI-t I i t I-11 f ii- I t co I 'ItIIoflit;I ( i I / f i''i f 

PI tIy f) I i t fnf1))1 I t 0 U ifi li jIlli, i it i 0111 I. I jI,il y n itf; 
Huloilti I Ivt- ,lIf i ill lit -ike nt :0 hrhwivI o - o 

c o l df ot Il . (-Il I e ; w o ri 'j d f o , ~ ( tf l l d q( ! ; h3, i q5i 



11-1-4 Investigation of Lamb Pasture Models for Carpatians
 

and Several Aspects of the Utilization of Intensive
 

Grass Swards by Geese
 

Jozef |Habovstiak
 

Research Station of Grassland, Czechoslovakia
 

Lamb pasture models for Carpatian regions:
 

The results of ten years of investigation with systems of organi

zation of pasture management, structure of cultivars, system of ferti

lisation, supplementary feeding, sanitary preservation and 
other prob-


Three models are described: A  sown grass swards
 
lems are discussed. 

with 60 lamb-stocking density per ha and production of 

over 1000 kg
 

natural grass swards with 45 lamb-stocking
-live weight gain per ha; B 
and C - middle intensive


density and 700 kg live weight gain per ha; 

A parti

areas with two paddocks and 35 lamb-stocking density per ha. 


this system proved to be tapeworms,cularly dangerous problem within 
Moniesia.
 

Utilisation of the intensive grass swards by geese:
 

'The research program was conducted on intensive grass swards 

N/ha, divided into five paddocks. As
fertilized with 200 to 250 kg 

the results showed, the geese are monogastric animals which can uti

lize the herbage and replace cornflour from the 30th day of age. The 

was 2.5 to 3.0 kg per goose and daily
daily intake of the green fodder 

50 g per goose. The best results were
 live weight gains were 30 to 

and Ivl GS. Grazing geese is a

obtained with the races Landes Fr. 

very good system for their preparation for forced feeding with maize 
41% higher for the geese

for production of goose liver, which were 
Geese have the highest

pastured and with average weights of 700 g. 
animals. It is the

so-called "suummer pasture effect" of the domestic 
the suimner pasture reserves per

coefficient of utilization of cheap 
the costly winter10 kg of live weightof animal relative to feeding 

for geese than
food-supplies. rhis coefficient is 400 times higher 

this purpose natural
for beef and 40 times higher than for sheep. For 

ero
grass swards on steep slopes are utilizable without problems or 


The

Geese are very selective with regard to grasses and herbs. 


tetraploid forms of plants are of greatest importance.
 
sion. 


Key words; forages, utilization, geese, sheep.
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11-2-1 Combination Range-Pasture Mlanagement in
South Florida for a Low-Energy Grassland Program
 

Lewis L. Yarteti 
University of Florida, U.S.A.
 

The semi-tropical environment of South Florida is favorable
 
for the coordinated management of a wide variety of native grass

species and improved pasture forages. The decade of the 80s will

emphasize the change from forage programs of high energy utili
zation to those of a low requirement of fossil fuels. Four
decades of grassland management in South Florida have been primarily

pasture establishment created from the rangeland resource. 
The

establishment and management required substantial inputs of fossil
 
fuel. Use and management of rangeland was largely neglected.

Ecological concepts as 
a basis for managing seni-tropical ranges
 
were not accepted. In recent years practical programs have been

developed combining rancher experience with range management, animal

science and agronomy. These programs coordinate the use of both

rangeland resources and pasture forages. 
 The physiological require
ments of the commerical cow-calf herds are likewise programmed into
 
the yearly operation.
 

Implementation of a coordinated forage-herd management program

that will result in a low input of fossil fuel 
requires planning to

include (1) inventory of all available grassland resources, (2)

growth processes of the major grass species, (3) cow and calf
 
nutritional requirements and physiology and herd management as

related to seasonal forage production, (4) range management and
 
pasture conservation practices, and (5) grazing plans.
 

Forage inventories are recorded to include all 
forages avail
able on the ranching unit. These usually include pasture species

of pangolagrass (Digitaria decumbens), bahiagrasses (Paspalum spp.),

and coastal bermudagrass (Cynodon dactylon var.). 
 Major range sites
 
include flatwoods with species of bluestems (Schizachyrium) and
 
(Andropogon), (Paspalum and (Panicuj. Marsh range species include
 
maidei (Panicum hemitomon), and cutgrass (Leersia spp.).
 

Grazing systems are developed upon the growth cycles and nutri
tional values of forage species and the physiological requirements

of the cow-calf herd. Controlled breeding, calving periods, supple
mentatiun and cow mending are major animal husbandry considerations
 
as an intergal part of a combination range-pasture program. Major

range management practices include brush control, namely saw palmetto

(Serenoa repens), a planned deferred or rotation-deferred grazing and
 
proper utilization of the key species.
 

Commerical cow-calf operations have successfully managed to

achieve over 90 percent calf crops, 60-90 day breeding season and
 
450-475 pounds of calf per cow unit maintained. Significant

reduction in amount of fossil 
fuel materially contributes to a low
 
energy grassland program.
 

Key words: range, pasture, herd management, energy, Florida.
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11-2-? A Comparison of 

and a litst 

Native, Nativo-lterseeded 

sTametre ,Sri, ; for crowing Beef 

Range 
Cattle 

in the North, rn Great P'lains 

F.R. Vigil, 'T.;. ChiS0oiii, 
Solit IhI i ;kkt 

IR.C. 
a t ;I L 

lt ., 
I I In i 

.-C. Frauisen and 
r i t v, 1I. S. A. 

L.B. Embry 

to develop the most efficientThe study's objectives were 
system of sustained land use for beef cattle production on native 

without energy supplement. The pastureand tamed pastures with and 
systems were: native ran(le, native-interseeded ran(-, native range 

pasture-type alfalfa (Medicagointerseeded with 2.2 kg/ha 'Travois' 

sativa L.), and a full-season pasture series. The full-season 

series consisted of crested wheatgrass (Agropyron desertorum (Fisch. 
sudangrassex Link) Schult.) ,brome-alfal'a (Bromus inermis Leyss.), 

and Russian wildrye ( mus jun(Sorqhum hicolor (Linn.) Moench) 
Fisch. . Corn was fed on pasture at 0, 0.5 and 1.0% of bodyceus 


weight daily. The put-and-take system of adjusting grazing 
replications used. pressure with 6 tester animals and 3 were 

pastures fertilizedCrested wheatgrass and Russian wildrye were 

yearly at 73 and sudangrass at 67 kg/ha nitrogen. 
seasons,
Substantial differences occurred between grazing 


(ADG) significantly1977-1979, but the average daily gain was 

increased only by grain levels; no significant ADG differences bet

ween pasture treatment or pasture by grain interaction were 

observed during three years. No significalit Cifferences occurred 

between pasture by grain level interaction in grazing days/hectare,
 

dnd animal unit months (AUM)/hectare duringanimal (ain/hectare, 
three years.
 

In 1917, ADG for the 0, 0.5 and 1.0% grain level was .47, .59, 

and .63 kilograms, respectively. Significant differences occurred 

systems and grain level treatments in grazing daysbetween pasture 
per hectare and animal gains per hectare. The native range, inter

tame series had, respectively, 90, 126, and 144seeded range, and 
grazing days per hectare, and 51, 72, and 83 kilograms of animal 

gain per hectare. 
and 1.0% grain level wereIn 197, the ADG for the 0, 0.5, 

The native range, native.59, .64, and .63 kg/day, respectively. 
and series had, respectively, 56, 97, and

interseeded range, tame 
97 kilograins of animial lain per hectare; and 2.20, 3.21, and 3.65 

AUIMper hectare. Interseeding increased animal gains per hectare 

native range and equaled that of the tamed series.73/, over 
capacity 40% over native range.Interseeding increased the carrying 

the for 1.0% grain wereIn 1979, ADG the 0, 0.5, ard level 

.72, .87, and .97 kg/day, respectively. At 0% grain, ADG for the 
.77, and .74native, interseeded-native, and tane series were ,66, 

kg/day, respectively. The native, native-interseeded, and tame
 
animal gainseries had, respectively, 71, 118, and 97 kilograms of 

and 2.64 AUM per hectare. per hectare; and 1.88, 3.16, 
animal gains per hectare 65 ant 21% over the

Interseeding increased 
series, respectively. Interseeding increased

native range and tame 

At 0% grain,
the carrying capacity 68% over the native range. 

gains per hectare 94 and 21% over the

interseeding increased animal 


native and 
tame series, respectively.
 

Key Words: native range, interseeded range, grazing systems, 

pasture-type alfalla. 
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11-2-3 Summer Grazing listribu tion and Blhavior 
of Beef Cattle on Elk Wlintetr Range 

14. E. Pinchak, 1. A. Smiith, and J. W%'.Waggoner 
University of Wyoming, U.S.A. 

Quantification of the relationships between cat tie grazing behavior and a mnosaic of range a;ites with varying forage quality, quantity,species composition, topography, and irregular water distribut ion isnecessary to iintensively nonage foothill rallges. study 	 isT se area
Wyoming foothill range of 2,10(0 	
a 

2	 
ha varying in elevation from 2,224im

6 8
to , 2m.
 
Cattle distribuLtion data were 
 collected with , to 6 radio 	 telemetry collared animals, locatid tonc daily from June1' to September 1in 1979- il. At each Ilighting , inap location, range, a itte, activity,im.tniber01 associated aninals, slope gradient, distance to water andshadOe, alnd 	climatiC 011iti lIsWCre rocordei. lin198(0, ?4-hour contilnuous obtrvat ions wore ulade. In July, approximately 100 gin of oachprof 'rreiIorage spec is was co I ec ted from 2 reptresentat ives of each 

r Sige -otir iiutrjett analyses.
Analyl,.s of daily observatio data showed that while 	wetland,subirrigat-1d and ov0Iflow,4 ling sitCs occupied 28" of the 	available 

land orei, 	 63 of t"hinub:;ervations occurred there..Meanl distance
from watr was )0m. 	A'erag, slope gradient was . I"!anl 80m long.l)istance from watr 	aind slope gradient values can hw attributed totw large inuur (if observatonan Iler. melesic Sites. Soparating
daii1,' oha rvt jons ilio 2-week periods aind p!otting animal locations 
indicat,,d a dyiianic di,tribition pattern. Initially, as single

herd, distrilutiii 

a 

is I imited to a riparian zone. After 4-8 days
simal lir groups fragrent from the i 
 n lord. hlise groups graze otheriesic railgi,. si -' wiLh abundanit fo,ago remaining. This distribution
 

irend
contint i 
; unt II late Aliiuis t, whell ;nIials can bei found on1 ally

range sit,., with pr,-fArenc,, still being 
 shown for sic sites.

Based (11 i '-milIutoe iit(rva I tl 1eanobaerva ti(ills, the 1 gra7. ing time
from July 13-0 I)
ws 
 hours, whi i aipproximately 10 hours W ro spent

in rumination. ':atoring 
 occurred I .4 times day-1 . Dai ly distance 
trav lod avrag d !,. t fo r st-t-rs and 3.1 km for mature cows. Averag! daily dist.incc travled for 
both years 3.6was km. There was 11osignificant -liifcr,,nc,, in daily distance traveled throlglh tih season. 

Fora ge Cimp;oi-ar'io; ietW,.i sjtes so lect.d ,anld lnot selected in1980 iniaed siLes s-.le t-i had sii ii cant ly h igher preferred forage
product ion, itrat : moistur- 1 (vols (increased succult ice), adjustedcrude prot,-in ( Cl1 ],v.I and k of CP ia-l * 

Cattle oni this fot(hill ran., klmsstratod grazing se lectivity,

With r ,sp,,c to plant ;l,Ci-.; and 
vw gltative 	 conivmuni iis. S lopegradints ( If)" for IiM) 	 i l .is;jta co f rom water ( .660m) lIpOSe phIysiographic I limiitatii 
 ,lii i cl'ini, ,liatriblitiol,. 'loies., l ii at iont;

May 1W I 1f1i1Ct iill oI 
 f rig, iiqntity ziil ([a lity on 	 upland sites.
Resu It S deminonct rote- that Veltat iV(' a pli ys illgrapl- i c c aracteristics 
ol thi !; foothi I I r:otno1 e ir, coino[iti Lint coiiditLiis( . . tlti eslected
liavi higher f,ragi;, proiiiimi , mois;ture ndr CP lvi-ls of palatable
specic((-! s . .;,.i-ct ivity may bet a fut lioo of SlCCIIlli'ICt alinl not CTlevI ;. i Ltire siqnjinh'l-iii t rI:I'1 for tLhe-se extIliI; ivo We tern ranges
cain he- id just ei Iccorillrding to the se rsu l ta tio ilnallgo these areas 
in r,.,f ficient Iy. 

Key words: 	 grazing behavior, cattle distribution, ralnge 
chrac teri t i (;. 
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Systems in a Semiarid Mixed
11-2-4 Complimentary Grazing 


Prairie Region tie
of Northern Great Plains 

M. 	 R. Kilcher and T. Lawrence 

Research Branch, Agriculture Canada
Research Station, 

Recommended rangeland grazing practices including delayed 
use in
 

season have not been readily accepted by prothe early part of the 


ducers. There was an
need to devise alternative grazing systems as 


incentive to improved utiliz.tion.
 

Drought tolerant winter-hardy grasses crested wheatgrass (Aro

pyron desertorum F.), Russian wild ryegrass (Elymus junceus 	F.) and
 
(Medicago
Altai wild ryegrass (Elymus angustus T.), each with alfalfa 


media Pers.) are used in a complementary grazing system with native
 

rangeland.
 

A cow-calf herd grazes Lrested wheatgrass from late April to
 

early June at a stocking rate of 0.25 hectares/animal unit 
month
 

liveweight calf gain. Native
 

June to early August at a stocking

(A.U.M.) to 	produce 130 kg/ha of 


rangeland is grazed from early 


1.25 ha/A.U.M. to produce 25 kg/ha of liveweight calf gain.
rate of 


Russian wild ryegrass is grazed from early Auguqt to early October
 

at 
a stocking rate of 0.25 ha/A.U.M. to produce 110 kg/ha of gain.
 

the calves are weaned and the cows graze Altai wild
After 	this 

0.27 ha/A.U.M.
ryegrass until mid-December at a stocking rate of 

We have thus concluded that the effective grazing season can be 

5 or 6 months on native
extended to 	nearly 9 months from that of 

seeded pasture.
rangeland only by usag 407 of the land base as 


Concurrently, this system allows for improved rangeland use and
 

sustained range condition.
 

Key words: 	 grazing, cattle, season rangeland, seeded pasture,
 

gains, production.
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11-3-1 Cattle Preference and P1lant Selections
 
Wi tI in a Itybr id Grass
 

1'. 0. Currie, R. S. White, and K. II. Asay
 
Livestock and Range Research Station, Mntan,. - and
 

Otah State University, U.S.A.
 

in recent years, hybrid forage grasses have been developed 
which show great 1,romise for advancing grassland agriculture. 
These fertile hybrids have been selected for morphological, repro
ductlye and adaptive attributes with the assumption that utilit~y 
will be enhanced. Although developed as forages, only limited 
testing of aninal acceptability and response , included in Ini
,ial development. Testing animal preference and selectivity for one
 
of these more promising hybrids was the primary purpose o the pre
sent study. indiv iduial. slers (cattle) were tamed, trained and 
observed for their selectivity In grazing individual plants and 
genetic lines of F6 crosses between quackgrass (Agropyrun repels) X 
bhuebunch wheatgrass (A ropyron spicatum). The animals showed defi
n~te preference for individual plants within genetic lines and for 
different gmetic lines. Different animals frequently preferred the 
same plant -- 'ines with identical genetic backgrounds. Preferences 
were exhib' -eo even though animals were provided access at different 

imes or different locations to a large array of hybrid plants or 
gi[ven a choice L, cween hybrids anu other palatable forage species. 
Animal selectivity for tIe individual hybrid plants or for a number 
of plants within a genetic line was not necessarily associated with 
a number of measured agronomic or morphological traits. Anin, is 
preferred plants which ranked from those which .:(re very caespitose 
to those that were rhizomatous. They also selected plants which had 
a profusion of soft leaves .-.. well as plants with stiff erect 
leaves. The moat significant feature was the coasistency in selec
tion for certain plants and genetic lines. Iybrid forages can be 
developed based solely on plant breeding criteria and humar, judgment 
but this may result in plants with reduced utility for forage except 
under forced utilization. Conversely, developing hybrids based 
entirely on animal preference may also limit utility. Plant 
breeding and forage use by animals need to be concurrently evaluated 
to assure the predetermined objectlve of plant improvement. 

Key words: cattlo preference, hybrid grass - Agrojyron rpens x 
A. spica_ huo, grazing preference, liwestock forage, 
se Iec t ion. 
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Between the lotanical Composition11-3-2 Relationsliip 
of the lierage on Offer and Ilerhage Eaten 

by Grazing Beef Cattle 

R1.1),1. Cohen and 1... Gard-n 
(, andUniver:itiy of Britisl Columbi Canada, 

n,ustraliaAgricultural losearci Station, Crafton, 

the botanical canmosition of the
The relationship between 

key link in the modellingand her' .je eaten is aherbage on offer 
to be no data 

and simulat4oII of grazing systems, yet there appear 

for multi-specific or non-temperature
describing tJhis relationship 


paper describes one such relationship for catcIe

swards. This 


.,;,cards in te sub-tropics.
grazing multi-specific 

were grazed by Hereford heifers


Native or impJroved pastures 
The native pasture had never received 

fi-'ulated at the coesophagus. 
and no legumes. One of the 

fertilizer and contained mixed grasses 
pasture fertilized with super

improved pastures consisted of native 

fertilized and
and the other improved pastures were 

with white clover (Trifolizn repens) on .As own or in
pnosphatc 
overswn 


lotononis (Iotononis bainesii).
conjunction with 
extrusa were collected onand oesophageal 

through February fron two replications of
Samples of pasture 

five occasions from June 

each pasture. Extrusa were separated into green grass, green 

heroage conponents. Relationships wce established
lecjumn and dead 


amount of green herbage 
on offer (CUi, tonnes dry
between the total 

green herbage ingested (PC, g dry
nutter/ha) and the proportion of 


dry ntter). These relationships were

matter/g total extrusa 

tle four pastures and were described by a single pooled
similar for 


itscherlich equation
 
-3.7006 CII
 

PG = 0.924 - 7.901e 
 (R = 0.93) (1)
 

residual standard deviation (RSD) of + 0.119.
with an approximate 

were also fittrd between the amount of-greenRelations .ps 


on offer (GL, tonnes dry nitter/h-a) in 
 both of the grass
legume 

in the diet (PL,
legune- pastures and the proportion o; green ledure 


There were no significant
extrusa dry matter). 
two pastures. The

g chy matti-"/g 
the relationships for the 

the intercept did not 
differences between 

equation frn -ne pooled data was linear a:id 

differ significantly from zero. 

PL = 0.432 GL (SE + 0.070; RSD + 0.085; P<0.001). (2) 

grass ingested (PGG, g dry xmatier/gThe proportion of green 

dry matter) can be calculated by subtraction of PL from PG. 
extrusa 

aware of any other published relationships for
We are not 

and we believe that our results may have wide 
nslti-specific swards 

grazing systems.simulation of cattleapplication in modelling and 

Key words: botanical comlp-ition, herhage on offer, :ierbage eaten, 

grazing cattle. 
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11-3-3 Diet Selection by Cat-tl,, oil 'ropiical Pastire; 
ii1 t or I ri Art t r1- i3; 

B. Walk ,, Ruthrl-',rd,M. I . u :i t P.C. Mlitolan:i 
Univer itv ', (lrolls lt , Auri rali a 

Little is kiown of *'ref'erential grazing of perennial tropical
legumes under year-lol,' col tino3 gralzing. li s information is
required to 	define the rolc of Ihe I legume more cliearly and to
 
deve lop M3:lllegtllnllLt to 1lai3tai,, yields.
Strilte,.ie' legune Our
objective wa::; Io study tilt di et s';elect ioi3 1) steer; ill northern
 
Austral ia o a continuollyIt ed 
 pastulre of Setaria .sphiacelita var.Sericea cv. M0Z1l;l)'l1 cv.I, tlc3oj)t 1Ii133llattrop,-,rpireun Sii'l 30 :olld

Sty'lo:.;ltihes gjliiinelli1 varl. illieinsis Schofield.
cv. 

lIlpl:t'1 tL WIl Il I ;tcers h,-- trea3tl301ent which ;ave tile

hiIhlest ilnllli I weight ,ainls (151 kg .teer 1 ) ill a stockiln!, rate
 
exper ine t'. ;:llllil I .1wa1 1,19) ,1 3, Iill
Mean ra iilf w "'7percent

i'a liiIg t',oI I leceOIllber to M'.lrCh .'lonthllv telllperattl-.it are highest

in I)ec sIfiller (. I0.1C) ltld lowest (II iC)t(" il .llly.


':;t1 ... 	 t' a let in 1973 (s5evenl 3 day peri ",td 1975/176e e' ndd)

(six . day periods) with three oesopliageal fistiliated steers.

lExtr'i':;, .:ample.as were analysed foi' nitio),en (N) 
 anild i , vitro di est
ihilit., (I.\.I).) ard f'or otai ical co0npo0;it ion 3 tile 3oi1t strike

Ilethod. Paistlre colllposition t ('n310011 cot
Yi elds a,,nd were d i Irolll 
llIldid ,3i(her32ge s ensle' I1yse,1a ts 	 I were fo v1 i 1973i ind N and
 
I .V'.l. ii 1975/7./ .
 

In I 1973 ca tt t e se lec ted less legume 1mai nI y Si rat ro) than onoffe'r i3it 3Ill monitlis exc ept Nlarch ( 12. 3" colimp;repd to 8.2",). The N 
conte t Itlit' diet was alwa:vs hi'li Ihr 'll i the derived va lilte of diet 
co)ponent; . I.V..I)The of' ext r,;a sapl0 exceeded 70', in five
 
pteriods Z31d W:Il lIoWe;t (0).5"1 i1 Auigust 
 1973. 

Except For lecember 197%;, r10leplUM' (again miostly Si ratro)

W3.3: selcc ted i33 1)7 /76 
 than ol offer, pail icilarly in Jtone k 8.0%
 
compared to 7. 1' ) IExcept 
 fo'r October 1975 the N content of the 

a1:f3pl's treaterext 1 s1:3 ,". than the derived va Iiea . 'The I . .D. of 
the di't wa:; hi3 hel;t (67. 7',) in Apri I and lowest (52. 3%) in october
 
1975.
 

Seasonail ,'ariat iol in pastlire 113ali ity were highlighted.
Nitrogen anld I.V. . values illuistrate the relatively low quality of 
troical pasture: and '10ow the nee~l f'or a h1igh degree 	 of diet 
;eiection to 	 :ti i;f'y n tritional require mnts. This can only be 
chi3ev'd tIie, 1011ielit stock iiip pr !'5:;llres. , pasitires conti nuously 

graTed ;at3 low stocki 111: rates, the preference hy cattle for setiria 
over l 0p31e11t' durin , the eIrly growiny3 seaso is of pr;3ctical 
import inceill 'aint;1i11 : levIe yields. Iiigher leguilm canyieldsie obtained hy resting pas;ture,; it critical times. I3 1973 the 
preference for setaria throughout the year was associated withhigher cool 	 season temperat, res givlig continued pa;tore growth. 

Key words: 	 diet selection, tropical pastures, cattle, legume, 
Siratro, digestibility, nitrogen. 
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11-3-4 Relationships Between Crude Protein, Crude Fiber
 
Leaf/ Stem 

and In Vitro Dry Matter Digestibility in Different 

Proportions in Coast-Cross No. I Bermuda Grass
 

11. Jordan and A. El'as
 
labana, Cuba
Instituto de Ciencia Animal, La 


study was conducted with different 
leaf/stem


In January 1980 a 

bermuda grass 
to evaluate 	the
 

proportions 	(dry basis) of Coast-cross 

and in vitro dry
 

relationship between crude protein (CP) 
content 


Pasture was 	hand-sampled after a 28-day
 matter digestibility (IVDMD). 650C
separated and dried at 

resting period and leaves and stems were 


they were ground a,.I mixed in the 
Afterwards, 


100:0; 80:20; 60:40; 40:60; 20:80
to a constant weight. 


following leaf/stem proportions: 

sample without removing leave. from 

Alsc, one hand-takenand I):100. 
crude protein (CP),
 

stein was used aF: a control. Dry matter (DN), 

soluble nitrogen (SN), non-protein nitrogen (NPN) 
crude fibLr 	(CF:), 


different
 
and IVDMD were determined in leaves, stem, whole plant and 


total N
 
leaf/stem proportions. The content (%) of soluble N from 

stem, respectively
for the plant, leaf and 
was 81.3, 65.2 and 76.8% 


while the NPN content (%) of the 
soluble N was 31.7, 42.2 and 16.9.
 
for
 

(%) were 62.8; 57.4; 55.3; 51.3; 45.4 and 43.9 

17he IVDMD values 


IVDMD regression

leaf/stem proportions, respectively.the different 

CF/CP were: 
equations between CP ercentage; CF percentage and 

2 
= = - 2.66X, r = -0.93; and
 

Y = 
20.907 + 1.832, r- 0.92; Y 128.39 

2 = 	 as leaf/stemIt is concluded that 


Y = 76.31 - 13.74X, r -0.96. 


an improvement of the the
nutritive value of 

relationship increases, 


pasture occurs.
 

grass, in vitro digestibility, leaf/stem ratio, 
Key words: 	 bermuda 


crude protein, crude fiber.
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11-4-1 Forage Produ ' n -ind Removal from Western and
 
Crested A.eatgrass Under Grazing
 

R. II.Hart and r. F. Balla
 
USDA-AR and Range Hanagement Administration, Sudan
 

Knowledge of frequency and amount of forage removal and total 
forage production under grazing is essential to sound grazing man
agement. We estimated these parameters by photographing marked 
crested wheatgrass (ALiopvron desertorum (Fisch.) Schult.) tillers 
weekly during the springs of 1976 and 1977 in pastures i,razed by
1.l or 1.6 steers/ha for 6 weeks. During the summter and fall of 
1976 and 1977, we photographed marked tillers of western wheat
grass (Agropvron smithii Rydb.) biweekly in native mixed prairie
pastures grazed by 0.1 or 0.2 animal units/ha for 5-6 months. When 
we photographed the marked tillers, we photographed, clipped, and 
weighed unmarked tillers; these photographs served as references 
for estimating weights of and forage removal from marked tillers.
 

As stocking rate increased, frequency of grazing of tfllers
 
increased markedly, but 
 the fraction of the available herbage re
moved at each grazing event increased only from western wheatgrass
in 1977. In 1976, western wheatgrass tillers grazed once during
the season ill the I ightly-stocked pasture produced significantly 
more forage than similar tillers in the heavily-stocked pasture.
Othe iwise, there were no differences in forage production between 
grazed and ungrized tillers or between tillers In the lightly- and 
heavily-!focked vastures. In 1977, forage production of grazed
tiller ; tn the I ghtly-stocked pasture was greater than that of 
ungrazed tillers oi of grazed tillers in the heavily-stocked pas
ture. Production per ,razed tiller of crested whatgrass was mar
ginally less 
 than that of ingrazed tillers, with no difference be
tween stocling rates. Most cl ipping experiments have shown a much 
smaller decrease in production per tiller than in tiller numbers. 
Tiller numbers per uniL area were not determined in our study.

Patterns of forage removal under grazing were markedly dif
ferent from tho;e insder C'1ipping, and removal under grazing was 
less severe than that imposed in many clipping studies. Properly 
mIlana ed grazing may be less damaging to grass growth and forage
production than is often assimeuld. Data from our study can be used 
to design clipping experiments which simulate grazing more closely
and provide more reliable estimates of the effects of grazing thaii 
(om S;Ole earl icr el>:peimnots 

Key words: western wheatgrass, Agropvron smithii Rydb., crested 
wheat grass, Agropyron dese rtorum (Fisch. ) Schult., 
grazing, forage prodiction. 
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cigi; Botan ical and iln calSeasonal Clhani in 
Cosopositin aid ltjgt ibi itv .1 liL ; of l.artdNi0 

IIo I)ivo 'c; on !;11o)'t gr I s; Prairi, 

11-4-2 

G;. M. Van Dylo, J. D). 1lan:;on, il 1 . C Jump 

t i ,itvl ,, 2ts.i. .UlS A .A-SFA-Aktind Co Ior d, a ti t 

o! 969 through 1974 

under different seasons and grazing intensities on Olortgrass 
Studies were conducted during the int,' ,:.l 

prairie in northeastern Colorado to evaluate the diet of bison, 

cattle, sheep, and pronghorn antelop--. The purpose was to determine 

if there were seasonal changes in the chemical and botanical 
these large herbivores
composition and digestibility of the diets of 


grazing on the same rangeland.
 
obtained by esophageal
Diets of cattle, bison, and sheep were 

fistula samples. Diets of the pronghorn antelope were obtained by 

forage samples were analyzedbite-count method. Fistula 

microscopically to determine botanical composition. Fistula forage
 

analyzed chemically with
samples and hand-cl ipped samples were 


an organic matter basis to correct for salivary
results presented on 


contamination. Digestibility was 
determined in vitro with rumen
 

wera analyzed
liquor from either cattle or pronghorn antelope. Data 


graphically and averaged for 
28-day intervals to show typical
 

in the diets of these four large herbivores. Data are

seasonal trend 


species and functional groups.
presented for important plant 

in the diets of bison
Warm-season grass components were hIghe r 

at all seasons than in the diets of pronghorn, cattle, and sheep. 

Shrub contr ibute a greater portion of the diet of sheep than of the 

diets of bison at all seasons and for diets of cattle and pronhorn
 

except in the autumn. Generally, sheep diets resemble diets i
 

cattle more closely than the diets of pronghorn antelope. The
 

between pronghorn
greatest difference in diets geerally was 


antelope and bitson. Animals generally selected a dit higher in
 

crude protein content 
than the overall available herbage, but
 

protein content diets in the
selected cons iderably higher crude 

sumner season than in tie winter. Averaged over all animal species, 

dry matter digestibility of diets did not vary greatly during the
 

year but was somewhat higher in late spring and early summer than in
 

other seasons. As rangelands are grazed more intensively in the
 

using several herbivore
future, thiere will be more enphas is on 

spec ies to maximize use of the vegetat irn. Present data are usetul 

in providing information on which to make decisin , about optimal 

allocatIon of forage to different lierbivore specias.
 

seasonal trends, dletary botanical
 

composition, dietary chemical composition, digestibility,
 
Key words: diet evaluation, 


large herbivres.
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11-4-3 ,utritiv,. Vale. of (ati Io D) .ts on
 
Fert ilIizad:i IInfoir Li Zjd I BIt,! Grama Range land
 

Joe LI.'al lace, F .J. Cordova , G. . Don t, and R. P).ieper
 
N,.w Mxico :tat.UUniversi , U.S.A.
 

Low levels of itroten (N) fertilization can substantially

increase forage production on native rangeland providing adequate 
precipitation is available. Objectives of this study were to com
pare nutritive value of 
diets selected by Hereford steers grazing

unfertilized and N-fertilized (45 kg N/ha) rangeland southcentralin 

isow Mexico, U.S.A.
 

The study area consisted of two adjacent pastures of approxi
mately 60 h each, both containing comparable areas of bottomland, 
upland md hillside sites. Yearlong stocking rates were 4.8 and 2.4
 
ha per yearling steer for the control and N-fertilized pastures, 
respectively.
 

Dietary samples were collected from esophageally fistulared
 
steers (averoe weight, i
308 kg) during the early, m I and late 
periods of two growing seasons and one dormant season. Sampling
periods consisted of four consecutive days using four steers per
 
pasture. Crazed samplec were analyzed for organic matter (O),
crude protein, fiber and in vitro OM digestibility (IVOMD). 

utritiv value of grazed forage from both pastures followed
 
seasonal trends, 
 i.e., protein and IVO.MID decreased while fiber 
increased with advaucing plant maturity. During the growing seasons 
protein levels were higher (1'<.05) in diets from the fertilized 
pasture than in those from the control pasture with differences
ranging from about 4 to 12%. Fiber values were usually Ibout 4%
 
higher in diets from the control pasture in
than those from the 
fertilized pasture. 
 IVOMD values favored the fertilized during the
 
latter part of the first growing season by 7 to 12% (P.05) but 
during mid to late dormancy digestibility was higher (P<.C5) on 
unfertilized range. 

Increased nutritive value of rangeland forage selected by
grazing cattle during the growing season which was attributed oi 
fertilization lid rat carry through dormai.Ly. In order to be.efit
 
most ia terms of increased beef production on N-fertilized native 
ranges, such areis could be utilized during the g.-owing season, thus 
rCli'ving gra.,ing pressure on unfertilized range until dormancy. 
Seasonal cattlc gains recorded over a period of years on these 
pastures would substantiate such a management practice. 

Key words: cattle, cattle diets, 
nutritive value, fertilized
 
rangeland.
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11-4-4 Differences in Chemical Composition, Digestibility,
 
and Gross Energy of Range Forage Consumed by
 

Steers and Calves Grazing Kansas Flint Hills Range 

An Peischel., I. R. Schalles, :ind C. E. Owensby 

University of Alaska and Kansas State University, U.S.A. 

This project was designed to compare the differences in chemical 
composition, digestibility, and gross energy of range forage consumed
 

by steers and calves grazing native tallgrass prairie in the Kansas
 

Flint Hills area from May through September.
 
Eight Polled Hereford calves from spring-calving cows grazing
 

year-long in the Kansas Flint Hills were esophageally-fistulated at
 

about one month of age and eight esophageally-fistulated Polled
 
Hereford steers (1 to 5 years old) were used to obtain range forage
 

samples for chemical analysis. This study was conducted over a two
year period 	(1977 and 1978).
 

Calves with dams and steers were brought into the work area when
 

grazing ceased the evening before collection and held until grazing
 
resumed the next morning (Dwyer, 1961). The animals were trailered
 

to where the herd was grazing, esophageal plugs removed, rollection
 
bags secured firmly around their necks, and allowed to graze for
 
approximately 30 minutes. Samples were dried in a forced-air oven
 
at 55 C until a constant weight was obtained, ground through a Wiley
 

Mill (Iimnscreen), and stored in brown bottles until analyses could
 
be completed. Crude protein, ether extract, crude fiber, ash (AOAC,
 
1975), neutral detergent fiber, acid detergent fiber, acid detergent
 
nitrogen (Goering and Van Soest, 1970), gross energy (bomb calorimet
ry), and in vitro dry matter digestibility (Tilley and Terry, 1963;
 
modified Monson et al., 1969) were determined.
 

Data were analyzed using a least squares analysis of variance
 
with unequal sample size (Harvey, 1960). Standard errors for months
 

interwere calculated using a mean square residual that included an 


action between year and month. Mean separation was by an approximate
 
Fisher Behren's test with P<.05.
 

Calves selected a dietwith a higher percentage of ether extract
 
earlier in the growing season than did steers, and also selected a
 
diet higher in crude protein arid lower in acid detergent fiber.
 
Later in the growing season, the neutral detergent fiber fraction of
 
the diet selected by calves was higher than that selected by steers.
 
The other fractions measured (acid detergent nitrogen, gross energy,
 

ash, in vitro dry matter digestibility) in diets consumed by steers
 
and ca-ves_,fluctuated as the quality of range forage changed
 
throughout the season.
 

Results from this study indicate that calves and steers do not
 
select a diet of similiar chemical quality when grazing native range
 
forage at the same location. Calves select a higher quality diet and
 
should be used to collect diet samples when relating chemical analy
sis and intake to young animals.
 

Key words: 	 range forage, cattle, digestibility, chemical,
 
composition, consumption.
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11-4-5 Field Evaluation of Weight-Estimate Sampling
 
Techniques on Range lands
 

J. 1). Hanson and G. M. Van Dyne 
USDA-SEA-AR, High Plains Grasslands Research 

Station, and Colorado State Univ~rsity, U.S.A. 

In many grazingland studies it is important to evaluate the 
relative abundance of standing crop and productivity of individual 
plant specics with regard to their productivity, digestibility,
 
toxicity and n.'ion- ,alue 
 to grazing animals wellas as their value 
in protecting soil 
from erosion. Precise estimates are needed of
 
species biomass densities over time. Double-sampling weight
estimation botanical analysis has 
been evaluated in a number of field

and computer studies. 
The present paper focuses on weight-estimation

double-sampling techniques and examines the usefulness of the method 
under field studies in shortgrass and mixed prairie. The present

studies evaluate the effect 
of observer variability, seasonality,

plant ,rowth 
 form, total plot biomass relative to the selected
 
species, and species composition influences on the precision 
 of 
double-sampling procedures. Field studies were conducted over
 
several years on shortgrass prairie in northeastern Colorado and one 
year on several sites in western " rth Dakota mixed prairie. Cti 
shortgrass prairie 2samples were taken in circular 0.5m plots and on 

2
mixed prairie in circular 1.Om
 plots. Records were compiled on time

required to locate plots, time required to estimate plots, and time 
required 
to clip, dry, and weigh plots. Actual weight of green

standing crop vegetation was estimated in the field and dry weights
 
were regressed upon ti estimated green weights. 
 qimple linear

regressions through the origin were used in the ev.uation,. Correla
tions between estimated and actual weights, variances of double

sampling estimates, 
 and optimum ratios of plots estimated only versus 
plots estimated plus clipped were determined. Results suggest
in more than 80% of the cases that variances were statistically

significantly reduced by 
use of the weight-estimate methodolgy.

Optimal sampling ratios varied widely,depending upon worker and other
 
factors. Frequently, 
to maximize time efficiency about 6 plots

should be estimated for each one clipped. Less gain was obtained
 
using the weight-estimate double-sampling methods for 
a low-growing

shortgrass species; greater gains were obtained for upright herba
ceous plants 
 such as many forbs. Weight estimation with double 
sampling was extremely effective for increasing precision of
estimates of above-ground biomass 4of cactus. The effects of observer 
variability, seasonality, and plot species composition and yield

evaluated by analyzing correlationswere between actual and estimated 
weIghts. In our experience, in order to be able to detect dif
ferences between treatment means for above-ground standing crop of 
10% or less will require use of extremely detailed single-sampling
procedures or of well designed double-sampling approaches. The 
weight-estimate method requires little equipment, nominal training,

and is adaptable 
to a wide variety of field site situations. With
 
adequate prior preparation of 
data forms and calculation programs,
 
the analysis cost is miiimized.
 

Key words: production, rangeland, variance reduction,
 
double-sampling, weight-estimates.
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11-5-1 Top-grazing, Iligh-'roteini Forages 

with Lactating Fwes 

II. 	 R. Conrad, . 1. Vonkeuren, ind U. A. lehority 

Dvel oe'nt Ceter, U.S.A.Ohio Agricultural Research 	 and 

Two grazing systems, top-grazing of alfalfa 
(MEDICAGO vctiVo L.) 

grazing of orchardgrass (DACTYLIS jZclncratii L.) 

levels of concentrate respective
and high-intensity 

were investigated with three and four 
High dry


ly. The concentrates consisted of corn, oats and 
minerals. 


in the barn with 40% concentrate by weight 
matter alfalfa silage fed 

Three or 4-day grazing peri
was used for a positive control ration. 

ods per paddock were used with 16- and 24-day rotation cycles for
 

Using alfalfa without concenand alfalfa respectively.orchardgrass 
trate resulted in mean daily yields of 20.2 kg 

of milk and 0.65 kg of
 

protein. As concentrates were increased in amounts, daily milk and
 

milk protein increased by 50%; but the proportion of edible protein
 

431 of the milk 
eaten by the cows increased from 0 to only

for humans 
protein produced. Consequently the amount of essential amino acids
 

food supply in milk completely offset the a
returned to the human 

t~ne amount cows. with increasing concentrates 
mount consumed by the 


of fossil fuel used for feed production in cows grazing 
alfalfa rose
 

to 3.2 mcal. All
 
from 1.6 megacalories (mcal) per dayofherd 

life 


fed b(etween 10 and 20 g of 	poloxalene daily
 
cows grazing alfalfa were 


pasture bloat. Milk production was less with
which eliminated 

wereand the fossil fuel. roquirements for production
orchardgrass 
doubled.
 

of protein consumed per ha of alfalfa per

The average amount 


tons of dry matter.
 season was 1.0 metric tons 	 in 8.1 

at Vtz L., cows, grazing, milk 
Key words: alfalfa, kTDICAGO 


protein, human food, efficiency, bloat,
production1, 


concentrates.
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11-5-2 Comparison of f)i ffferen t Numbers of Scar Crass
 
(Cynodon n1enfuensis, ) Paddocks with 
 Irrigation and Fertilization 

A. Senra, J. Ugarte and F. erez-Infante 
InstL tu to do Ci (,it i a Ani maI, La Ilabana , Cuba 

The poss iIi Iity of redIic ing the number of paddocks with a

fixed s tocking rae accordin>,, to the lrt i Iizat ion level applied 
was
stulied with da iry cows for two years. Three similar groups of
 
twenty-two first-lactation Hbolstein 
cows were used. The stocking
rte was 3.7 co'I,/lia. A completly randomiz.ed design with three
 
treatmlemnts (8, ,, and 2 paddocks) 
 was employd. li ffering forti
lizat ion levels wi th 60': in the dry season (a Iotal of 400 kg 
 N/ha/ 
y,-ar) en.rc ,pplied. There was a significant response iin milk pro
ductio favirinig 8 and 4 paddocks 
 over 2 paddocks with no difference
between the two. Productions (kg/cow/day) wer of 13.5, 13.4 and 12.4
For 8, 4, aid 2 iiaddocks, respectively. The ava ilable forage and grass
res idues wtre s ignificantl y h igher with 8 and 4 paddocks with no di f
ftrence between them. Available forage and residue values were 3.1 
and 1.9; 2.9 and 1.7; 2.2 and 0.94 t/ia for 8, 4, and 2 paddocks
respect i veIy. No d ifferences were found i n pit t ormi l comi. ion grass
quia Iity when coivent ionil cuttL in,, methods were isi-d. Cianss in
botal ical composit ion occurred With star grass populaition increasing


'd wods dimiinishin, ill all troatm.3,nts. It is concluded that 
 the
nuirbr of paddocks can be redociid from 8 to 4 w ithout affectin, the
animal's performance and the quaI ity of irass, Al Iminig great savings. 

Key words: Cynodon ilenfuen.;is , number of paddocks, milk production. 
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Milk 	Production from Silage
11-5-3 


C. 	Thomas, K. Aston, S. R. Daley, and P. M. Hughes
 

'TheGrassland Research Institute, U. K.
 

in the U.K. with autumn calving cows
Milk production systems 


depend heavily on bought-in concentrate. The objective of this work
 

was to examine the potential of grass and legume silages for milk
 

production.
 

In the first of 3 trials the primary growth of perennial ryegrass
 

(Lolium perenne cv. Endura) was cut either on 23 May at 72D (HD) or on
 

23 June at 62D (LD) and enstled with a mixture of formic acid and
 

The silages were
formaldehyde at 30 g IHCHO/kg crude protein (CP). 


given ad libitum with a supplement of barley and snyabean meal at
 

(DM)/day to 2 groups of 12 British Friesian cows
6.3 	kg dry matter 

In the second trial, the primary


over 	weeks 1 to 18 of lactation. 


growth of perennial ryegrass was cut either on 17 May at 68D (HD) or 

61D (LD). The silages were prepared as in Trial 1 and 
on 21 June at 


with 6.3 kg DM/day of barley and soyabean
given to 2 groups of 5 cows 


meal over weeks 4 to 18 of lactation. In addition two higher levels
 

of the supplement (9.2 and 12.2 kg D/day) were given with the late
 

the third trial, silages
cut (LD) silage to 2 groups of 9 cows. In 


were made from either red clover (Trifolium pratense cv. Hlungaropoly)
 

or perennial ryegrass of similar digestibility (61D) and were given
 

ad 'ibitum to 2 groups of 6 heifers from weeks 3 to 
10 of lactation.
 

From weeks 11 to 29 of lactation all heifers received the grass silage.
 

rolled barley, ground maize and
A concentrate supplement consisting of 


soyabean meal was given throughout the trial at . kg DM/day. In all
 

the trials voluntary intake of silage and milk production were
 

recorded daily for each animal.
 

In the first trial earlier cutting increased silage intake from
 
> 


9.5 	(LD) to 9.9 kg DM/day (1D) (P 0.05) and milk yield from 24.8 (LD)
 

In the second trial the difference
to 27.9 kg/day (liD) (P< 0.01). 

less than that observed in Trial 1.
in D-value of grass at cutting was 

on silage intake was greater
However, 	the effect of date of cut 


kg v liD, 10.6 kg DM/day, P< 0.05) but the response in milk
(LD, 9.1 

1I, 24.3
less than that observed in Trial 1 (LD, 22.6 v 

kg/day, P > 0.05). The response to concentrate with late-cut material 

a substitution rate of 

production was 


averagedO.81 	kg milk/kg concentrate DM with 


0.47 kg fail in silage DM/kg concentrate DM added. The results of
 

showed that heifers given red clover consumed 38% more
the third trial 


silage DM (P< 0.001) and yielded 13.4% more milk (P< 0.001) than heifers
 

given grass silage of the same digestibility. The immediate effect of
 

using red clover silage over weeks 3 to 10 of lactation was 150 kg of
 

434 kg (P <0.05)
milk but the total experimental effect (weeks 3-29) was 


or 2.9 times the immediate effect.
 

The data show that early cutting of herbage r ,n p-oduce variable
 

The maximum response obtained
 responses in intake and milk yield. 


(c 0.3 kg milk/unit rise in D-valie) could allow 
a considerahle saving
 

The data also show the potential of using
 

legume itlage strategically within the lactation.
 
in concentrate input. 


Key words : 	Lolium prenne, TrIfolium pratense, silage, dairy cows,
 

intake, milk yield.
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11-5-4 Long-Term Feeding of Corn Si] age as the
 
Sole Forage in Rations of Lactating Dairy Cows
 

C. II. Noller, N. J. Moeller, and C. L,. Rhykard
 
Purdue University, U.S.A.
 

The long-term feeding of corn silage as 
the sole forage to
 
lactating dairy cows has had only limited success due 
to rroblems
 
with production, reproduction and health after one lactation. Con
sequently, a long-term study was initiated in August 1975 with two
 
groups of 19 cows, 15 
two-year-old heifers and 4 threE-year-old
 
cows assigned at random to each group as they calved. 
 One group
 
was fed a ration with corn silage as the sole forage and the other
 
group a ration with a 50:50 ratio of forage as corn silage and low
 
moisture alfalfa-orchardgrass silage. 
 Both rations ccntained a
 
60:40 ratio of forage to concentrate on a dry basis, 15% crude pro
tein, 1.25% calcium, 0.50% phosphorus, 0.52% trace mineralized
 
salt, 0.22% sulfur, 0.25% magnesium, and 4,400 units vitamin A,

2,200 units vitamin D, and 44 mg vitamin E/kg. The rations were
 
blended in a mixer wagon with electronic load cells and fed once
 
daily as a complete mix in feed bunks. All 
:ows remained on their
 
respective rations the entire experiment including the dry period

when they were fed controlled amounts of the lactating cow ration.
 

ien the experiment was terminated in May 1980, there were 5
 
cows in the corn silage group and 3 in the other group. No cows
 
were removed the first lactation. In succeeding lactations, cows
 
were 
removed from the two groups, respectively, for the following;
 
hardware, 2 and 0; aborted i and 1; pneumonia 1 and 0; udder pro
blems, 3 and 3; leg problems 3 and 2; low production 2 and 3;

failure to breed, 1 and 5; other 2 and 2. 
There was little dif
ficulty with digestive upsets and no problem with the fat cow
 
syndrome. Milk production, fat tests and fat production for 305
day lactations for the corn silage and the corn silage and low
 
moisture alfalfa-orchardgrass silage groups, respectively, were as
 
follows: lactation 1, 6,686 kg, 3.62%, 238.5 kg and 6,535 kg,

3.67%, 237.7 kg; II, 7,462 kg, 3.64%, 271.9 kg, and 6,800 kg, 3.63%,

246.8 kg; II, 8,005 kg, 3.60%, 288.3 kg, and 6,989 kg, 3.68%,
 
257.4 kg; IV, 8,338 kg, 3.51%, 293.1 kg, and 7,594 kg, 3.69%, 280.4
 
kg. The differences were not significant (P>.05), although cows
 
on 
the corn silage ration tended to produce more milk and fat.
 

Higher than normal levels of limestone were used in these
 
rations to reduce loss of starch in feces and 
to improve gastro
intestinal and fecal p11. Cows in th. 
two respective groups had
 
average fecal pHs of 6.58 and 6.61. 
 Calving weights of cows have
 
been slightly higher for the 
corn silage group. Calf weights have
 
been remarkably similar for the two groups. 
 These data indicate
 
that the long-term feeding of 
 corn silagp 	as the sole forage in 
rations of lactating cows can be successful if the rations are
 
properly balanced and fed as complete mixed rations.
 

Key words: 	 corn silage, Zea mays L., dairy cows, mflk production,
 
limestone, buffering.
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~ 6 1 Energy Balance Studies with Lactating~Cows 
S'Fed Fresh or Frozen Grass from Pasture Suitaible for Grazing -

Y. van der. Honing and A, J. 11. van Es 
-.	 Research Institute for Livestock' Feeding and Nutrition 

Research (I.VV.0.), The Netherlands 

inomto on feeding value and energy uti'lization of thle grass 

consumed by grazing cattle, especially lactating'cows, is very limited.
 

~It is nearly impossible to perform calorimetric studies'with 'gra?1ng'
 
Simiilar- studies indoors of ten show low'initakes of fresh
dairy cows. 


'grass and require much labour. Still, in great parts of the world 

cattle graze atOleast half of the year So that knowledge of the feeding 
value of grass is'important for 'practice.' 

,Q 


each year, 4 permanent pas>In thle Netherlands in 1973 and 1974, 


ures grass in the grazing stage of maturity wasput twice daily and
 
cttreither-'f Ue-d-ztr adfrs --

cows in respiratiochambers.'Animals were adapted for 7-10 days be

fore a collection period of 7 days on fresgrass ad lib plusI kg of
 

' In 	 the grassconcentrates was started, a subsequent week same in the
 

frozen form was fed. Digestibility, N- and energy balances were meas
 

~'ured to study energy utilization from grass.
 
In 1977-1979 in total 7 similar calorimetric trials were conducted
 

0
C. In
with 4 lactating cows fed ad lib with grass after storage at -20
some trials half of the dry matter from grass was substituted by con

to dairy cows at the production level ofcentrates. The grass was fed 
feeding as well as to wethers around tle maintenance feeding level 

S Because many feed evaluation systems use the sheep'digestibility coef-
Qficidnts of thle feed as their basis itwas'thought wise'to stud>'tthe 

differences in digestibility betwn shep and cattle., 

No differences in intake, diges'~ibility and energy utilization be-
atween detected.s ifreshrand frozen grass couldz 


In the total of 83 energy balaiceslthe digestibility of grass by 

cattle was high (organic matter 7'i-83%, energy 71-7s8), but varied be

tween pastures and months. Intake depended mainly on the pasture, the 

composition of the grass (dm%) and/or season. Intake varied from 10.2 
to 16.0 kg organicsmatter, but was lowest in the later trials. 

Despite higher feeding. levels of the cattle, cow and wether digest
ibilities hardly differed, except for trials with extra concentrates
 
in 	the diet,
 

Utilization for maintenance and milk production of the metabolizable
 

energy f~um grass agreed fairly well with thle efficiencies found for

'-

mixed diets of conserved forage and concentrates, although some results 
tended to be lower. 

It was concluded that grass frou,"'paatures suited' for grazing is
 

highly digestible and efficiently utilized for maintenance and milk
 
production. Increased level of feeding caused only a minor depression
 
of digestibility in lactating cattle. Prediction of metabolizable'and
 
net energy by the Dutch feed evaluation system seems to be satisfactory.
 

Key words: 	energy utilization, dairy cows, wethers, pfinanent pasture,
 
prediction of net energy, fresh or frozen 
 :ass
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11-6-2 Utilization of Energy of Freshl Pasture 
by Lactating Dairy Cows 

T. E. Trigg, C. R. Parr, and M. R. Cox 
Ruakura Animal Research Starion, Australia 

The New Zealand dairy industrv is almost totally reliant on the 
use of grazed herbage for tte production of milk solids, but few
data exist on the efficiency with which lactating utilize energycows 

of fresh herbage offered as the sole diet.
 

One huadred and thirty two energy halances have been established 
by indirect calorinletry usingv cows at two levels of feeding and at two 
stages of lactation over three years. Mixed pasture suitable for 
grazing arid cult twice dily was the sole diit. Data for the
 
it i 1i zat ion aud art it i on iri, of energy has been subjected to
 
regresstion analysis made oil a withill-cow basis.
 

Efficiency of' mtilization of %1Fifor energy ba larcc (%ilk + 
tissue) was higher in early lactit in (spring) than in mid-lactation 
(autumn) (56 and 5W0, respectively) aid at both stages (If lactation 
was lower than that proposed by van Fis ( 1975) (OM,) . 

Reasons for reduced efficiency of utilization of ME were associated 
with higher heat increment of feed ile Unit intake in mid-lactation.
 
The factors r-esporIsible included chang,.,.i; eed comriposition, a
 
redIic tion ill ME content of the berlin ge, i id an increased energy cost
 
of excretion of excess nitrogen in sic lactation.
 

Key words: fresh pasture, energy utilization, lactating dairy cows.
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11-6-3 Energy Requirements of Dairy Cows Grazing Pangola 

Grass (Digitaria decumbens Stent) in Cuba 

Geerken, R. Ruiz, R. Garcia, and D. Calzadilla
C.M. 

Instituto de Ciencia Animal, 
 La labana, Cuba 

In Cuba during the sunmmers of 1977 and 1978 two experiments 

were performed to study the utilization of pasture energy on the 

productive processes of the lactating dairy cow. Twelve cows were 
of four animalsused in each experiment, divided into three groups 

each according to the stage of lactation: initial, mediun and final. 

The animals grazed on a fertilized pangola grass (Digitaria decumbens 

Stent) without any supplementation and were under rotational grazing 
from 6 a.m. to 11 a.m. The

conditions from 4 p.m. to 4 a.m. and 
for each animal within a period of

following measurements were taken 

one month: DMintake (meastured by the chromic oxide technique), 

fat corrected (42) milk production (FCMP) and live weight change. 

were taken to estimate the concentration of meta-Pasture samples 
energy by determining the in vitro IM digescibility. Databolizable 

from the two experiments were jointly analysed. Pasture had an ME 

of 2.0 and 1.9 cal/kg DM in 1977 and 1978, respectively.concentration 
The range of ME intake was 26 to 33 Meal/day; metabolic weight was 

93 to 113 kgO.75; FCMP was 7 to 17 liters/day; and live weight change 

was -0.42 to + 0.15 kg/day. A linear inverse relationship between 
= 

FCMP and live weight changes was found (r -0.75; P<0.001). Taking 

and assuming that tic ME requirement forthis into consideration 
1 liter of FCM is 1.17 Mcal (642 efficiency), a requirement of 30.8 

Mcal/kg gain for fattening (20. efficiency) was calculated. From 

these data and considering the distribution of MEbetween the pro
ad live weight changescesses of maintenance, milk production 

= 0 " 75 + b (FCMP) + c (MiW ,according to the equati.on HE a (,i,) 

the maintenance requirement (a) calculated was 214 Kcal/kg 0 5 • 

it is suggested that the lactating dairy cow fed only pangola grass 

has a low efficiency of energy utilizationUnder tropical conditions 

for fattening and the maintenance requirement can be increased 75%
 

of that reported for stabled animals in temperate climates.
 

Key words: 	 energy requirements, grazing lactating cows, Digitaria 

decumbens, tropics. 
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11-6-4 Grass Silage Intake by Dairy Cows:
 
Potential to Seet Saintonance and
 

Milk Production RequireIIIents
 

J. P. Dulphy, C. IDmarguilly, and J. 1. Andrieu 
Institut National ide la Recherche Agronomique, France 

We have studied the use of direct-cut. giass silages for dairy
 
cows every year since lO'u. Ourtmain objective was to measure the 
intake and digestibility of these silages in order to estimate their 
potential for meeting the requirements for maintenance and milk 
production. 

Twelve silages were prepared by the following three techniques 
which considerably improve the intake compared to those used 
10 - 20 years ago :
 
- fine chopping (1-3 cm) 
- addition of formic acid as an efficient preservative (3.5 1/ton)
 
- covering the roughages with 
 goje] quality plastic sheet to prevent 
oxygen from entering the silo. 

Three other silages were made simultaneously v'ith 3 of the above 
twelve, but without formic acid. All tae roughages were directly cut 
and ensiled into 100 m

3 
bunker silos. 

All trials were carried out in w.nter, with silages fed ad libi
tum to groups of 8 - 12 cows, from the second to fifth month after 
calvirg. Thu amount of concentrates fed was predetermined to meet the 
total requirements by tak.ing into account silage intake, its digesti
bility, the milk production at the beginning of the experimental 
period and then the predicted milk production. Elsewhere two of the 
12 formic acid silages wer,- also fed with I kg concentrates more and 
with I kg concentrates less. Experimental periods lasted 10-13weeks, 
which allowed variations in animal liveweight to be measured. 

The twelve silages with formic acid were well preserved and had 
a high organic matter digestibility (72.4 %). The ingested dry nlat
ter of silages and concentrates was 2.09 and 0.59 kg per 100 kg

liveweight respectively, for cows producing, on the average, 
 19.5 kg

fat-corrected milk with a daily liveweight gain of 126 g. When 
 no 
formic acid was used silage intake considerably decreased (- 12.6 4),
partly due to a higher distribution of concentrates. Indeed, for the 
two silage fed with different level of concentrates, dry matter drop
ped 0.5 kg when a I kg dry matter increase in concentrates was made. 

The net energy provided by the fine-chopped formic acid preser
ved silages was enough to cover maintenance needs and a mean produc
tion of 12 kg of milk per adult cow (from 5 kg for late-cut to 17 kg
far very early-cut) . For 5 sil iges of perennial rye-grass at first 
growth this milk production pxotential was 15 kg for an organic 
matter digestibility of 74.7 .. Milk potential decreased by about 
2 kg when cilages without formic acid were given and had to he 
compensat.(d for )y concentrates. 

So, if grass silages are perfectly prepared at an early stage
of growth, their feeding value can be very high. Moreover, these 
grass silages c-enerally can "sustain" he same level of milk produc
tion with nitrogen a,; with net energy. 

Key words : grass silage, feeding value, dairy cows. 
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11-7-1 Effect of SupplmIe'ants on Liv-W, ight Gain
 

of Beef Cattle Given Forage During tile Dry Season
 

C. Tlhmas and 1'. N. MniUgua 

Grassland 	 lttsearch InStitut.e, U.K. and 

Ministry of Agricul arc, Kenya 

The low quality of standing pasture grasses in the dry seasons 

presents a major proble,n iiA the intensification of beef production .n 

the tropics. The objective of the research was to examine the role 

silage or standing Napier grass (Pennisetum
 
with supplements
 

of maize and 	grass 


purpureum) as sources of forage when given alone or 


to beef cattle.
 

In the first of 3 trials conducted at the National Agricultural
 

Kenya, 36 Friesian castrates, initially 249
Research Station, Kitalv, 


kg live weight (LW) were given silage of whole-crop maize either alone 

or supplemented with corn-and--cob meal. Each of thnse two basal diets 

was given ad libitum without a nitrogen (N) supplement or with urea or 

17 Friesian steers, initially
cotton seed cake. In the second trial 

158 kg LW, and 17 Hereford steers, initially 177 kg LW, grazed a 

Napier grass (P. purpureum cv. Fronch Cameroon) pasture throughout the 

The 	steers either received no supplement or concentrate
dry 	season. 

per 	day. In the third trial 25 Friesianat either 5 or 10 g/kg LW 

steers, initially 161 kg LW, were given silage ( f Rhodes grass (Chioris 

gayana cv. Mharara)ad libitum either alone or with concentrate at 0, 

20, 40, 60 and 80%, of total dry matter (DII) intake. In the final 

two trials the subsequent performance of steers during the wet season 

was examined. 

In the first trial the level of per'ormance of steers given 

maizc silage alone was not significantly different from maintenance. 

meal and N significantlySupplementation with both corn-and-cob 

(P <0.001) increased LW gain to a mean of 1.25 kg/day. In the second 

trial the LW gain of steers grazing Napier grass was 0.35 kg/day and 

this was increased to 0.70 kg/day (1P "0.001) when the animals were 
trial steers 	 givengrassgiven concentrate at 10 g/lkg LW. In the third 

silage alone grew at only 0.10 kg/day. Suppiementation of the silage 

up a kg/day when the concentrateincreased LW gain to maximum of 1.10 

comprised 80% of total D,%iintake. Examination of subsequent perform

ance at grass in Trials 2 and 9 showed that cattle given forage alone 

during the dry season grew significantly faster than those which had 

received concentrate. Further, the results of Trial 3 showed that 

the marked differences in LW apparent at turnout were considerably 
wasnarrowed by the end of the grazing season and also that there no 

season treatment on LW at
significant effect of previous (ry 


slaughter or 	carcass weight.
 

The results show that supplementation of forage with energy 

and/or nitrogen is required for high levels of LW gain during the dry
 

season. However, in pasture based systems in the tropics the need
 

for such high levels of performance is questionable when compensatory
 

growth can be exploited in a subsequent grazing season. 

Key words : 	maize (zea mays), pennisetum purpureum, chloris gayana,
 

silage, beef cattle, intake, live-weight gain,
 

carcass weight.
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11-7-2 1f Il ts oC ci'I InocLeve I and Fornge-to-Concentrte
 
Rat i o oi the hij,' t;I i*,y of Pelleted Diet; by Sheep and Cattle
 

I,.LJ, I Iortin,,i J S . and IB. E..,!. Farm'-r, SkIiatie Me lton 
nli
ive rs iIy oI Iat k t Itc i: , I' nah , and Sniv , ity of F Lorida, U. S.A. 

Shee ire Fr'qi'ntlv t''d to determiiio thc nutiritwive vaiie of cattle 
IeLd!;. How ,',r, th i-;0o : evidence that dige stio[l coefficlents 
foir 'ttI. a I ;J .1 !AV dii'fir 1ml ticit digestibi lity mnIv he 

ln(-t ,, th cI-I i',1liii,. pC rp 0 of study washv 1,' -0 TIe L ti i I; 

to iniV'C;t ic:i " I feed1ing tl )ptci s
L t11 itt ofI level ,i1u1al on
 
tho di j s t 11iti1 it v o I ,' IItc d id et ; cont ai nili d iffu ren t ratios of
 
a! fa a hay t o h rr la 'titnl. 

liv, !50--k, 'carl II, c o!;s1)rc Ilambi and four 350.-kg' yearliIg steers 
were l t I',il ateiL e ch diet . App.'rent dip,:stil i lity was 
dteined1ii1) ly the tiotl ft il Col Iection rietliod. The si: diets Were 
I <;otqtl~Othl; anl !oiliii'd thbe following proportions of barley 

1 
18.0, 80) I ' ) )f .0, . 0; (I ) 54.0, 44+.I; (5) 72.0, 25.6; (6) 
90.(, 6. 7. ; !,: y: and : : Ifn were !iround throulh a .64 cin 
SC rcin :rnd the i-p feed wi peOlleteid (1.59 cm diameter). 
Animal; were Fod twice 'Iai Iv ,t 1830 and 1630 hours Feed Intakes 
were 50, 75 oid ',) i/. . ,hoep offered 100 )/W of the three 

,ra in ,'il li lff I hI' o rnt I , fed basis): (I) 0, 98,0; (2) 

llhh balev diet'; :ipi prit jituI. :%", '',i: levels ofwer 'it - intake., 

AVn'r1fh10' di'' ,; i',n . icioiit ; ior ot an i( mat tor (0)M)), crude 
:)ro ton (C', m l acid 5'tt';'nt fiber (AIC;;) ih tihe sl diets were 
lower (I O'. ) iIth , o I Ih-n 'i ith cattI!: 7f0.t4 ' 71.8, 71.2 , 
71. . itlli,!' 1ncri 1n v. eas in;'feed intake fromt 

III)) , Otr)1) thei 0 t ( , ',d ',ci (P I noidC,I), hot did nc,t affect 
d II, ..; .i, i ii I v , A\I'. ():.D 11, 1d CPDI incl",,q:wd 1l% .25, and .11 , 

I,il'l t 0 ' ',1,U11 l '0 i i, t -O Il t' I i t reIt' oF barley' ill t i, d !,,I- INDI v,' (-'w; rm in,, fiolm lII, . Lo 81.2 with s<heep 

aild fI,)::1 l .1) t , 'l with cattle' 

I'hl 'r t; it l 0 s t Igci i shiow' tlihit 'Sci e: dites;t ha,: 
',, fich,,t'; of Lii, p.llcted diets were . 'inificantIly higher .i 
Catl~ thItn iti Ittp ili Ife-ences were 'lt l ,arle.For routine fee
-.'.ilIttitt Lte- ilit t'I;tihilitv by cattle ,, pelojeted feeds consisting 

Itl rain ut1d ''' m,'iv be e.c;t,. ited from vaiuoeS obtained w.ith sheep, 
providcd that tol it ive feeding levels ;.re similar. 

Ke' 'or Sc: ']arley:afailfa ratio, intake level, digestibility, sheep,
cattle. 
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Simulation of Complementary Forage 
Cropping by Feeding Oat Grain to Ewes 

11-7-3 

J. L. Mieeler, 1). A. Hedges, and C. Mulcahy 

CSIRO Pastoral Research Laboratory, Armidale, Australia 

In many parts of the world where year-round grazing Is feasible, 
improve thecomplementary forages such as oats or sorghum are sown to 

quantity and quality of the forage available at specific periods. 

Experiments in which these crops complement well-fertilized grassland 
production comparedhave generally not shown an increase in animil 

with all-grassland systems. The present experiment aimed to determine 

the effects of a s imul ated complementary forage crop on pasture yield 

and on the production of ,,eeding ewes. 
Eight groups of 10 soeep grazed 0.fi ha plots of 'halaris 

aquatica l..-Trifolium repens L. and eightggroups of 10 grazed 0.8 ha 

plots. T br,.ak the nexus between pasture and crop growth rates the 

provision of a complementary forage crop was simulated by giving the 

ewes a ration of 250 g/ewe/d oat grain of ca 70% organic matter 
maintenancedigestibility, equivalent to almost half their basic 

requirement. It was supplied for seven-week periods at mating, 

during lambing, on both occasions, or not at all. The four treat

ments were replicated twice at each stocking rate. To simulate the 

effects of withdrawing part of a farm from grazing to grow a 

complementar, forage, stocking rates were increased by 10% for some 

weeks before each feeding period. ine-wool erino ewes were used 

for four years, then crossbred ewes mated with Dorset rams for two 

years. 
THie treatments did not significantly affect forage avilable, 

wool production, reproductive performance of the cwes or the 

weaning weight of their lambs. There were no interactions with 

stocking rate even in an abnormally dry year or with the high 
production per animaltwonLing rates of the last two years, although 

was generally lower at the higher stocking rate. 
Thc expe riment is considered in relation to other published 

comparisonis. The importance of ensuring that the quantity and 

quality of the complement is cons istentlv and materially superior to 

the pasture it replaces is discussed, with mean: of achieving this. 

Key words: complementary forage system, oats, supplement, ewes,
 
lambs, wool. 
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11-7-4 Effect of Mlaturity and Associative Effects on 
Corn Stalk [Itili ration 

T. J. Klapfenstein, m. I.. Mcionnell, J. A. Patterson, 
and 1.. L. BergerUniversity of Nebraska and University Of Illinois, U.S.A. 

Cornstalks are an important forage resource forilng beef the winter feedof cows and calves. Small quality changes are very importantto animal performance. Cornstalks were
maturity (PM) and 

hand harvested at physiologicalweekly thereafter for S-10 weeks during 1976, 1977,1978 and 1979. In vico digestibility decreased linearly with time.Intercept.; (digestion at I'M) and slopes ({ decline in dli./wk) were63.2, 6.3, 53.4, and I..).,2.0.1, 1.30, respectively for the firs. 3ft Iyears . even l season Varieties iwere sampled ii1 1979. Similarchance; with time were observed. Va ricty' an d moisture (irrigated vsd r'IarId) affect id stalk quality hlt p1lt popu lat ionyield was influenced by all three 
did n1ot. (Ira ill

but was not relatedCell wal l to stalk quality.content was Ilighly related to il Vi tro digestibi lity (r=-.88).lamb ii e:st ion t wasia I coridricted I o compare ear Ilage (highear corn) , ccrn si lago, stalk]age harvested at PM, 35 
mroi sture 

and days post63 days post 1i1. ll,\ matter d i)'c-st i hi Ilit ies were 73.9, 67.,, 
PM 

(1.9, 53.0 and 36.W:, respect ivel .I arly harvested stalksnearly as diyestible is corrr 
were 

silage. 
 Stalks harvestedIo st I. Ilad lir101 drIY d est 
at 10 daysria ter ,i hribiIit , fiber diglest ibi1it \ and
ra4es Of' pa ti C te IIald idi il;SiSage fl'111thei' rIIeI than st alks7arvestedl7 Ias pot I'M. li eSt i lity ad rate of passagewer. conidurcted I.iti to 

trialssheep deiterllliii tile assoc iat ive effects ofcornr grain and Cornstalks at ;id i iit intake. 'Treit;rents, ratioSuriill eiited of'r in to silIpllc1r1 inItedl- tiis WI'ere: A, I:101 ; '[,C, 50:5(0 ; ), 25:75;2 , 11((0 Ie r rCssr on of intake oni diy matterdigest iiliv) (I1 9) Off corn r'a ii was 91. -. I6 lIx (r[I-.,8). IsiIgthese [INM For tirecori11, Ile exIpected ratiiirI IND CorldIhe calcIIIated.,,It,
(rea t ac trIla I l. alld perceilt 0 exprec ted IIND actulIwere: A, 53 .1, 100 ; 11 
I lv achi eved 

,7 i90 2; C , 4.4 , 9(.0; I), 70.;1 10 .2,
1.,811, )i(M. Ivethylenecrrdrtedcl Ill glycol, clroirrr oxide fiberdirnirie~irirrc i
( I/i) werc: 2.7 .1,A, I , 1.8; 11, 10.6, 2.6, C,17.3, 3.9;
, i; 1), 12.5 5,. 1.,5.15, 3.1, 1.5.l.Irwer Rilnrrerr p1 wasis ire rear; iii ii orinit;cre 'aill eere fed. lie decreased i)licoIp l w it 11 a Iore rrp id ra rteof' 
 May h:rVe tosJ ; ei r 1edrII:r11d i ) digesti hriIi t Iwo 
(hi dec re sed 

st cr rowth t ri i Is were co i c tell to"orrrrire tile fCed irrg valIticrt ICorn iIi;,e wi th e1 t :il k Isaltharvested aithh nrroisture r;air [arrcst (37 day; post PMl)arid that harvested after 
dry corn harvest (o days postsilaige ,ailned faster and rrore Ii inbOti trials, Steers fed corn 
Steers fed 

ctI icicrtly than those fed stalklage.tile early harvested rrtalklage gained .17 kg(.05 vs .IS) arid iere PK, mor efficient than those fed 
per clay imore 
late ha rvested 

:;t alklage. 

Key words: cornstalks, residues, rquality, maturity, cattle. 
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Increasing Productivity and Extnding Gazing Sason,
1-l8-'0 

of Cynodon Pastures 	for Steers with N anid Overseedings 

Festuca in tile Southeast .S Aof Trifolium and 

I1.A. Fribourg, McLaren, and R. J. Carlisle
 

University of Tennessee, U.S.A.
 

A series of" grazing experiments has been conducted 80 km east of 

Memphis, TN since 1969 onjfine-silty, mixed, thermic, Typic iapludalfs 
pastures grown with 	N
 

.to evaluate productivity and quality of ,jnod'n 
ladino'
 

fertilizer or in co'.bination with Featuca arundinaceaand/or 
with pratense, for growing beef steers.

Trifoliwn repena., sometimes T. 
Pastures were grazed by the put-r id-take system, and 

forage growth and
 

consuImptioniwere determined by the cage-and-strip method,.
 
IMir land' bermudagras' (C. dactyZon) grown at 4. levels of N ferti

448 kg/ha) was compared (1971-'3) to common (C.'
lization'(0, 112, 224, 

daoty-on var. dactyZon) fertilized with 112 kg N/ha and to a mixture 

ladino clover (OG-Lad) fertiorchardgrass (DaotytisagZomerata)+of 
P and K only. Forage production and animal performancelized with 

were different in all treatments for spring (April-June) 
and for
 

summer (July-September)., Grazing season length was 
not affected by 

large in spring as ii , 
was 
for' the season rang~d-fofi-ii546-on'-

-N Forage -productionof 0G-Lad -twice as 

summer. Aiagrzing days/hla 
Total beef production
Midland-0, to 1,759 on Midland-448 pastures.; 


and 561kg/ha from Midland-0, -112, -224,
 
was 161, 282, 354, 604, 308, 


2

448, Common-11 , and OG-Lad pastures for the entire season, respec20,


tively. 'These values were associated with average gains 
of 355,'4


395, ,45, 500, and 850 g/steer/day and estimated forage 
dry matter
 

8.2, 8.9, 6.0, 5.7, 	8.1, and 8.7 kg/steer/day, respec"
(DM) intakes of 
tiveiy.
 

the second 3-year cycle (1975-77) total beef production was
 
•In 


389, 391, 520, 310, 377, 310, and 341 kg/ha from 1.2 
ha of Midland
 

+ ladino + red clover (T. pa~taoos) ; Midland-224; Midland + fescue 
Fescue + ladino & red clovers (Fes-Leg);
25-cm rows + 291 kg 	N/ha';
in 

24; 	and from 0.8 ha of Fes-Leg + 0.4 ha of Midlando-Lad; Common-2

224, respectively., 	These values were concomitant with 

average gains
 

of 575, 520, 480, 525, 795, 510, and 515 g/steer/day and esLimated
 

forage DM intakes of 7.2, 5.4, 6.5, 5.4, 7.0, 6.2, and 5.6 kg/steen
 

day, respectively.
 or
 
In the third cycle (1979-present) fescue established 

in 25-

Total beef produc

50-cm rows in Midland withclovers survived well. 


tion/ha/yr from these stands was .less than that 
from OG-Lad mixtures
 

grazed until August 	or from Fed-Leg mixtures grazed'from 
spring
 

and withwere: Mldland-Fescue-Leg, 650 g,
K through fall. Daily gains 

Steers grazing 2/3 as much
 N, 470 g:Fes-Leg, 690 g; O-Lad, 840 g. 

extra area as forage Sorghum in summer and

Fes-Leg area with 1/3 
SecaZe cereate+ Loliwa multif1orw in winter gained 720 g/day. 

shown that bermudagrast pastures canThese experiments have 
support many young beef animals for 5 months/year if fertilized 

with
 

can produce rapid gains in spring if legumes are present; and can
 
N; 	

10 months/year if overseeded with fescue
 
provide grazing for 	9 to 

and/or legumes. Combinations of bermudagrass, fescue and clovers
 

can be maintained for Aeveral years and can result in 
satisfactory
 

beef produciion of over 450 kg/ha/year.
 

tall fescue, orchardgrass, midland bermudagrass, ladino
 Key words: 

clover, fzrage intake, beef production, humid mesothermal.
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11-8-2 Feeding Val1e of the Legume Component 
Pas;ture and S ilage 

K.F.>.Red anidP.T. I:eijay 
Departinleent of A\griculLure, Victoria, Australia 

Grazing experinments were conducted to examine the feeding value of 
various pastures for grazing slicep. Most recently thu use of legumes
for improving the growth of weaned Lambs during the dry siumer-early
 
autunm, was investigar-d at Hmiltton, Victoria.
 

The fleece weigitS 
 of wealer sheep grazed on eight pasture nix:tures 
of varyi ng grass-species, Iuicreased as the amount of clover in the 

= 
pas ture increa;d (r 0.88P*). In a separate study, young sheep gave 
greater rate,; of growth on lucermie--grasS pasture thall ol grass-sub
terraiman clover pa.,ture. Moot recently the I[iveweighit gain of 4
moiith-old limbs grazig I 
 ',lUme pastures Jtrin , 3 dry months it.unllmler-,tlitUnL wi ; 9.5, 9.4, 8.9 and 8.7 kg' on red clover, ilant
 
shaftaI cl-over 
 ('I'. te2Ss{Q7lat-111), Lcerne ald white clover pasture,

respectively. 'the.se gains 
we! u greator thani those obainled on per
ennial ryecrass-o;u ter raneso Clover pasture kg)
(0..4 or cocksfoot
subtorranei clover pasture (2.2 kg) 

StoIre Iambs offertd unchopped wilted sil ge for 8 weeks had 
hi ihe lililkes of gras!;s-red c lovem i; l than of grass silage.
 
Carca ; -an was 0.35 and 
 0. 16 kP;!/.ck respectively. Circass gain/
 
uilit dieU;til.e dry siItter consiid wAS the
higher for grass/red
 
(ivr I Ihe Liall for Ltc l; i 
 Tihe mean retentioll time of 
dr,' mitLer iiithe retctlo-r um i 1).,I.horter with the grass/ 
clover ij ne 

,Superior aniil perlorlaice on1 leimmt dominant pas;ttlre occurred. 
.';el.tilles de ;pite a Ilij'hll"r d-y [i,Lter productiOn item grass; domminlant 
1istL(re. Preducer; ;ilould iimin to provide lliiilll of at Least 30%
 
lte ,llle iil sheep pi.;ture; ill 
 tl -_snterii Ailtralia, especially in 
lie dry :;imiUmer fOl ii, oi swhen th, ee vs lie ,,lCi0lrla _; rapidly. Plant
 
imIproveent .hould aia irovidin,
!st pereunial c umes iiti.le for 
111 tilt 1;mim <; il/cl liIILtecliv troilllelut:. 

Key woids: s{ils, ii lrgeii lrtihizer, LIcerne, red clover, white 
clover, Tri tioIl 1 r'aouena tul. , T. sub terraneoui. 
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11-8-3 Summer Annuals and Improved Permanent Pasture
 
as Forage for Growing Weaned Lambs
 

Barton S. Baker, Paul E. lewis, and 0. L. Bennett
 

West Virginia University and ARS-USl)A Appalachian Regional
 

Soil and Water Consorvation Research Laboratory, U.S.A.
 

West Virginia sheep producers hive difficulty producing lambs 

the use of grain. Lambs are commonly 

grazed with ewes, but the quality and quantity of forage during July 

and August restrict lamb growth. The objective of this study was to 

suitable for slaughter without 

annua ls and 	 improved permadetermine the suitability of sing summer 

nent pasture for growing weaned lambs. 

ReplicIted permanent pasture plots, 0.25 ha each, were treated 

in 1979 with 100 kg nitrogen (N)/ia, lime, phosphorus (1P), a'nd potas

to soil test, sprayed with pa-,quat (1,1'-dimethyl

and sod seeded to 'ifleaf pearl millet 
sium (K) according 
4,4'-bipyridinium dichloride), 

Sudax FFR-66,(lennisentum typhoides 'Burnt' Stapf and C. E. luhbb.; 

a sorghum-sudiangr;,ss hybrid (Sorghum cross); and Svalof's Sirius for

age turnips (Braesica eamestris L.). Perman',nt pasture %,as treated 

with lime, 1', and K but not N and usced as a control. Pastures were 

managed to favor seeded species, or Trifolium species in the case of 

the permanent pasture. The sorgitim-,';idangra s' was rotationally grazed. 

All other plots were continuously gra ed using ten lambs/plot assigned 
5

Grazing p '"ssnie was controlled usingrandoralv within 	sex iod weight. 

;nditional I lambs ini a put-and-tak,' system. 'iie permanent pasture and 

the sorplnm-endangrass providid signifiantly more (Duncans Multiple 

Range Test 5' levil) lamb gra:eirg d',,, ; (7"37 and 746) than either mil

let or turnips (562 and 546). Av,,ra, 'd ilyv gains/lamb were 0.15 kg 

0.1 7 kg oin aill I't, :und 0.16 kg on turnips, all of 

which we re igni fi cent I%igher than a ins )n tii- soightmi-sudangrass 
on permanent pa;Lur', 

(0.04 kg). 
Gr;,ting 	 triial t !,r rpat,,d fit 1980. Mille t rind the sorghtm

their place and imanagedntnldatngr-,sst w o-r,' h' lt'ted and iLninij; seed,'d in 

in 1980
using a rotttiona grat:ing svstiit. Average dailly ains/lam 

w,re 0.14 kg on turnips grit'.'t rotationally, 0.15 kg on turnips grazed 

continitiously, aind 0.16 kg ol perm;tent pasture. There wore 312 lamb

grazing days nil turnips granod cointinuou;Iy, 322 days o permanent 

aind 35-1 days oul 	 turnips gr.ized r-otationally. The higher 

1979 was a resutlt of weather conditions 
pasturots, 
nimIber of grazing ilay:t in 

which allowed graziing to continue a month longer in) 1979 than in 1980. 

Lambs gained as fast or oe d 1fister impro prmnTTInitt pasture as on
 

sod s( od innil Is. Prm;tnont: pastur,, providetd is manti lamb-gr;tzing
 

d;vs'.s the r spcit;. Por;ununt pa!;ttro was the earl iist p;stuire
 

av;ti libl for gra;- ng iand provided grazing l;t(-- in th' sason than
 

annnasI s . Tornipslprovided i aiiininc, of for;'' fur short periods
 

in tin ;amlw' lIamb prio nc e w,,en p raz(d continninonsly orand rsult,'d 
rotational]%,. Apparently tHi' for,;g,' 	 ne,,d; of I;imin; c;in b ntt more 

typical of th, higher elevationsefficientlv undr growing ciditiniv 


in the App;alachian >ointains fi' conc,,ntrating oin prminnt pastutre
 

managem',nt rilither than by introducing snmnimir cinnui:Ils I f slmmer
 

annuals are used( to rcompl',,'nirt pritiin p;ott't tuirnips would
 

appear to be a better choic,, thin mi Ilot or Flin-enidaugr 
a 

ss•
 

Key words: 	 permanent pa st'iur ,, mi lIet , turnips, tsrlitim-sudnngrass
 

sheep, averagi, daily gaiin, c;rrying capacity.
 

304 



11-8-4 Initial Rate of Digestion and Legtime Pasture Bloat 

It. E. lowarth, K. J. Chong, J . P. Fay, W. Iajak,
G. L. Lees, B. P. Copl en and J. V. Cos teLrton 

Research Stat ions, 
Saskatoon and Ithbri ie and 
tillv r, i ty of Ca I1pry, Can:ala
 

This report summarizes a series of studies in i'hich theoverall purpose was to provldc the basic knowledge for breeding abloat-safe alfalfa cultivar. Two working hypotheses of pasture

bloat were tested. The cell 
rupture theory proposes that leafmesophyll cell. rupture is an important event in the occurrence of
 
pasture bloat. initial
The rate of digestion (IRI)) theory proposesthat susceptibillity to rapid initial digestion by ruminal
 
bacteria j,;a characteristic of bloat-causing forages.


The experitentaI Studlies 
 involved ext cnlive comparisons ofbloat-causing legumes and bloat-safe legumes: alfalfa (Medic o

sativa L.), red clover (TrifoLium pratene 
..), white clov.-r
(Tr folitlm rUlons L.), arrow]eaf clover 
 (Trifali vesiculcsulm Sav),bird-sf-oot--tr-ell (Lotus cOrniculatus L.) , cicer m-i-kvetc-
(Astragalus cicer L. ) and saijnfoin (Onobrvchis vic i fol ap .

I.I)was measured in vitro, and with th 
nyLon bag techniquv inrumen-fistulated 
sheep or cattle. Daily bloat incidence and rimel,fluid composition were recorded In rume-fistulated cattle fed
 
fresh alfalfa.
 

iloat-causing legIML's 
 were digested more rapidly than bloatsafe legumes. The concentrations 
 of I lait cell contents in rumen
fluid of fedsheep alfalfa were higher than in sheep fed three
bloat-safe legumes. Daily measurements of IlD by the nylon bag

technique were moderately correlated 
 with daily bloat incidence
and the concentration of chlorophyll ir. rumeon fluid was higher for
bloated cattle than for non-bloated cattle.
 

From a coiiparison of tie legume 
 species, events which affect
IRD are : (1) mechanical disruption prior to microbial digestion,
(2) bacterial colonization ond invasion of plant tissues,
(3) maceration of plant tissues by pactinolytic enzymes, and
(4) disruption of plant cell walls. P' ference; between bloat
causilng and bloat-safe legumes have bee. dentiflid thein firstthree of these events, but at this level of comparison each of the 
bloit-safe legumes rur, different characteristics.
 

Tllese studies have provided the basis breeding a bloatfor 
safe alfalfa cultiVar by selecting for low IRD. 

Key words: digestion, past ore, bloat, alfalfa, birdsfoot trefoil,
 
;alinfoin, cicer mil"vetch, arrowleaf clover,
 
red clover, Ahite cLover.
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11-8-5 Beuf Product ion on 	 a ,turat Grass land with
 

of a Deferred Grazing System

Tropical Leriri;S by 	 mea; 

I.. Va I i; 

Stat ion "tildio iatyet," CubaPasti'ro Lxrp,.rirmpi 

-

' _'a1s
lot cov,.d with ipnt:IIOr I; grasses

A four-hectare; 
li_ 

) wa ; divided into four similarlnnuLItLurtlpahum rotatunm and I_i ciran thkl in 
(;Iv c in, wi ,htii and !i acrojt i 1n. a tro

s--in I,,uuioe 
iu w; llwto; sp t. Olct

paddoci,r ;, j tiln 
the legulires

purp/r ii in two i 	 themr, n toro 

total of 10 croi;sbrcd yarlig. steers (3/4 Hol
wiro ,;t.hl ihloi, ,a 

k;g af initial livewei glhtwore assigoled to 
stLn :.I i rahin:1ii ) o f 17 fi 

alonetad Lo tihe two paddock; with grarses,hin lii 
ir zin thiifour paddocks during tire dry

('i z? the, ar,,, r 

dl-in ; tit,-wet ; ; bo t 


S;t lll. d roa'lrra ig !;','!te:i wasi cmipared with another con-

Iit; 


ra to of 2.5
in II ' 1,i L,woLr il li h,1 il I'"a aS*; :1t aLS tack j.g 

.12-inonLi experimenL
ha ist.; ' I .ire. l iirini Lle w,,t !;rson of this 


differ h,,tweenitit two group; (303 vs
 
livewi ht ,:ii 1w ine; did not 

aniviat of Lr, lgirlliestirte dIl se:i:;on tihe 
an iuaisaoin gras;;e only ga _ind 60 

. ,v/II al illbui[t lll r 
',,aiSg+iii, (I0 /day aid tin'1 

l t' s ,Coldvi. i of 'vAlluition, tii.' air rials were 
lil At- tintiiii 


difi nt 
 r. '"di n) (7/8 1loIst in x 1/8
rmplaced by othiir on,,, of nL 

!; imi lir iiit i lI iv,.w,.igirt. Stockirig rate wa!; reduced to 
Brihmi ) but 

tir treatmentincludini,
2 ir. st'/irLi f o tti t r-t:,;r tr. S ii. d .! rno 
t ; I r ta of 200 g/leadtii With L0111i ,11ean;Lcclp;i:;til , If aurp I ii a 


n Li .r.' aeatiirsrr 
 stocking
to'rjri.'ri 

. ! ,,: i ihi1 tL It i t . 'Xpar.ri Lt a i pe,r i od tie 
rat.-, l)iti I tLI,) 


/ 'day le
wi tire 
aIni It alt t,, i rr- I icir i ;','t i , III l 


)I I ':r Wjalrtih IrO t i l 11 ! II ) anI ! ga i l
pr;o;

111) ; ur i r 1 I_ ,I' o i I 

i,1 
i- lld 1 .'/ I . uar''v,' rII)iI'; riit Iv;li of 	D1 

rt t I a) 

L,I ,i: .ittt h,- t i i, - oI intro ILti i n i tIlf aniil als 
Li,' dip,o:,; Wi 

I:;, ol whiI in itI p;iddocks wi th 
h .' t/I fil- ir III, dry 


I Yom I . r t/hr : It thei ra 

w i!; .ho.I 

i lining f tilt seasoll 
So,'; ,11 11- i t 

. tI ;it -lid. Duirigi tie (ry reiroii of tihe fourth 

, l 1 1 n ii t ,I ti I Ii' o f I im''i- rfinl,,. I'roii 75 tro90 perceilt 

r;w;tlni. A spontaneioui s 

o I ;,;th.Li1, i/i 1h,, 

lor )tit padtck,; of the deforr,,! grinrg 

ritnc ronal ,_, app ar'i i a rite !;inni far to G . wi ght ii
 

logiiiici, I lid i f ra 
.,ig tie sea.:son whi 1l'at itsof dry

Ind i. Ithr urp r,'iu ,:it hl. hi iti 
;i;i ,
iii tiit :iripl ;. IlI, r-,ii ti t, rig 5t 

,n I I I %I,i-It.I I a1-pP re I 


s!;'st r i triirato way tio giaraitee tie
i :a
Lhlt tih e lterr. 'r,,,ra ;ig 

lgie-; for imnproving ani.:'i pr oduct ion and for 
perril ui cy oI th,' lI 


i incrra iI iii a i urmaI I iv, w iriit rti in,g roth 
 seasons. 
;tabi ..,i ionn ofi 

K'' word;: natiir, 	 grassland, Ieef production, tropical legumes. 
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11-91- Studies ion the Nutrient-Composition and Feeding*'lue oE Dystaenia Vakesimawi (Nakai) Kitakawa for Ruminants 

Tae-Hong Kang, MIyun-Hee Kang and In-Kyu Han
~I2 National Livestock Experiment Station, Suwon, Korea
 

Dystaenia.takesimana (Nakai) Kitakawa grew natively on 
a damp

area 	of Wooleung 
Island of Korea, Studies were carried out 
in order
~4Y to determine the chemical composition at various maturities and

nutritive value of Dystaenia takesimana for ruminants.
 

Three groups of lactating Holstein cows and growing Korean native
 
3'3,calves 
 were 
used in feeding experiments with Dvstaenia takesimana in
three different physical forms, fresh, dried powder, and silage.
As the plant matures, 
crude protein (CP) and phosphorus (P) were
decreased while crude fiber and calcium (Ca) 
level increased. The
 

amino acid composition was similar to thatlof wheat bran. 
 However
 
neutral detergent fiber (NDF), acid detergent fiber 
(ADF), cellulose
and hemicellulose levels were~significantly lower than those of alfalfa and orchardgrass. Dry matter (DM) digestibility was higher than
 
that 	 of ocadgas but similar to wheat,. The average levels, in 

war,aD~lbass,18%o 
 , 1.0%, 0.3%, 19.8%, 19.0%, 12.9%, and 5.7%,

respectively.Totaldigestible nutrient content was about 60%. 
-

Mien fresh, Dystaenia takesimana was fed to lactating Holstein
 cows alongwith orchardgrass at three different ratios 
(25:75, 5050,
and 75:25), milk production and,feed intake did not vary significantly.

However, fat content per unit amount of milk seemed 
to be lowered as

the the proportions in total fresh grasses increased. 
 When 	the Iac
tating cows were 
fed Dystaenia takesimana in silage form, the milk
production and silage intake pe 
 day were increased when compared to
other group of cows fed corn silage (17.9 kg vs. 16.8 kg and 3u.3 kg
vs. 25.0 kg). On 
the other hand, the powdered form could be substi
tuted for wheat bran, up to 40%, without any adverse effects 
on milk
 
production and feed intake. 


When fresh form was 
r
 

fed ad libitum to Korean growing .calvescon
centrate 
level of 0.5% of body weight was recommended (as compared
with 0, .00, 2.0%) to be the most profitable and to result in
and 

the highest daily weight gains" 
 Dystaenia takesimana silage is 
recommended to be fed to growing. Korean native calves at ratios of
concentrate 
to silage ranging from 6-5:4-5. Powdered form is recom
mended to substitute at levels no 
higher than 20% of wheat bran for
 
the growing calves.
 

In conclusion, Dystaenia takesimana was 
shown to be significantly

low in cell wall contents and hig- in digestible nutrients. It is
 a good forage source, either in 
fresh or silage form, for ruminants.

It also may be substituted for 20-40% of the wheat bran in concen
trates for ruminants when it is in powder form.
 

Key words: Dystienia takesimana, silage, dry powder, 
fresh form,
 
lactating co_-wscalves.
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11-9-2 The Potential of Forage Produced from Cassava
 

(Manihot esculenta Grantz) as a Protein Source for Cattle
 

C. Patrick Moore and James It.Cook
 

Centro Internacional de Agricultura Tropical, Colombia
 

The tropical plant cassava (14,nihot esculenta Grantz) is used 

relatively little 
widely as an energy source in animal feeds, while 

use has been sade for this purpose of the aerial part of the plant, 

protein. An experiment was conducted in the Cauca 
whi' is rich in 

Val y of Colombia to study the possibility of feeding cassava for

silage to beef cattle. The cassava stakes were
 
age preserved as 

in beds on a 30 cm square grid to give a population of 
planted 

Six plots each of 0.1 ha were planted.
approximately 95,000 plantis/ha. 

rotation, permitting 90 days
One plot was harvested evcry 15 days, in 

a
the forage was cut at
each cutting. At harvesr 
sun dried for 6 hours, put through

regrowth between 
10 cm above the ground, 

.it90 days growth
height of 

an upright !i lo. 
15% sten and

a forage chopper and blown into 

aerial part of tile cassava plant was 49Z leaf, 
and 13%Zrespectively. 

the 
36, stalk with a protein content of 35, 12, 

part of the plant contained 18.6Z dry matter (D)
'[he entire aerial 


was contained in the 
leaves. 
and 25.5.%' protein, over hIalf of wrich 

in 180 days
matter production calculaited from two cuttings

Total dry 
Six five-month

was 16.3 t PM/ia/yr and 14.0 tons/Ir/yr of protein. 

old weaned :herl calve.; were assigned according to weiglht to eaci of 

the fol lowing trea tmenis: (a) cass;ava si lage ad l ibitum; (b) cassava 

0.5 kg, of cass va root meal; (c) cassava
silage ad libitum pis 


silage ad libitrm plus 0.i kg o' cassava root meal plus 0.25 kg of
 

seed 1i1cat (NSl 'i). 'Iii,- calves, which averaged 98.0 kg at tile
 
cotton 


were stall-fed individually. A gain

begrinn ' of th,' ,xperrient, 

while tile addition
of 254 !,/day was; :ichieved on cassava silage alone 


of 0.5 kg of c ,isava root meal increased daily gain by 60% (405 g/
 

k, of CSM improved gains still
 
day) (P' 1); tle addition of 0.2c 


significantly greater 
 than in 
further (472 g /day) but tires, we rte not 


Whi le tire amoont of cassava silage eaten by

treatsent 1h (I .05). 

animals; in Oi, tire e treatment:; 
 was sirsi lar (1.90 kg/ha/day), the 

in trtartLn,'nt A (7.89) was inferior
 efficiency of food Convers ion 


(p..) to that in treatments 
 B (5.87) and C (5.27), which were not 
were observed duringsign icirit l dif fernt . toxicity symptons 


tiat if toxic levels of
 
a 112 day re-ilijr' trial, which ,;ggeLs 

t1 fresh forage, it was e 1iminated by
iydrtocymi ic rc i-i :.isted in 

foraget sil'o' appearrs to provide
till! ars; ili r, procerSS. Cao;:val 


a 'ood source orf prota in for rsminants, iirrt the silage 
aloie does 

utilization and 
not contain sifficient ,ncr ,y for maximum protein 


:;hiili he r;ipplamnirritand 
 with in nergy concentrate, e.g. cassava root 

0f tire si la'e Iimi te nutrient in
11i gh moistire colltenrt 

of any Silage versus ar dry
mea. Tle 

which is a known disadvantage 
forage

take, 
m-trod of conservation. The rerltsut,; suggest that cassava 

that tileentire 
cart be successfully irseni as a protein source and 


to provide so-st of dietary needs of
 
cassava plant could be used 


otlr more traditional feeds are
areas whereruminantis in tropical 

not avaiiable. 
Grantz, forage, protein, cattle. 

cassava, Manihot emculentaKey word;: 
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11-9-3 
 Effect of Cutting Stage on the Nutritive Value
 
of Four Oat Varieties Grown Under Tunisian Conditions
 

A. Majdoub, M. Ben Dhia, C. Kayouli and H. Abdculi 
Institut National Agronomique de Tunisie
 

Four oat varieties (Avon, crin noire, 
cr~me and Tam 312) 
were

stucied to determine iar nutritive value and the optimum cutting
stage for green fodder and silage making. All four varieties were
seeded in the fall of 1979 at a rate of 80 kg/ha in the northern part
of Tunisia under rainfall conditions of 600 m. They all received
67.5 units of phosphorus (P 2 0 5 ) and 60 units of nitrogen (N).

Forage samples were collected. starting with the flag leaf andat weekly intervai5 thereafter untiI the heads reached the hard
dough stage of r-at trity. Sampler: of tie green material were taken

for moisture det,.-rmination. 
 Soie of 'he plant material was then
dried and the plan: tissue was inaly-.-d for protein, ether extract 
CF and ash content.
 

Silage was made from each sampl in 2-i. cer h iretically
sealed containers. These silages were then analyzed for DM, CF, N,
and ash content. Silage quality was determined on the basis of pH

and VFA. Digestibility 
of both green 
forage and silage samples -as
 
determined both in vitro and in situ. 

Increased DONcontent with advanced maturity was significantly
higher for the crin noire variety, 40% vs. 29.5% for the Avon
variety. Tani 312 showed a higher nitrogen content (P=.05) than allthe other varieties and this up to milk stage. At the dough stage
Avon had a slightly higher nitrogen content. Data of both in vitroand in situ studies indicated that Tam 312 
has a better digestibility

(I'=.05) than the three other varieties and this at all stages ofmaturity. ean digestibility values of OM for the green fresh
material were at73% the boot stage and 65% for the dough stage.
Tam 312 showed more regular drop in DOM content with advanced
maturity. Results of this study indicated that the optimum stages
for silage making were bloom to milk stage, early milk stage, latemilk stage and bloom stage for crnie, crin noire, and Tam 312, re
spective ly.
 

Key words: oat, nutritive value, silage quality.
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Using Crabgrass as a Forage11-9-4 

1.L. D lrympl 
Nobl1oI odat ju i n, hi: lahoma, U[.S .A. 

to be an excellentCrabgrass (Digitaria saiuln 	 ali:s) has provenl 
oiloowoik Ok lahoma. Crabgrass

forage in research and dtilillstia 1 in 

ha!; belen utilized for decades ii a :;omwhat acidental fashion, but 

t i,. ellly oin" prop"r rmall.gelnilt ilptlts
pla.5 ili-o lora BYno%,,is 1 

lit llaphO aulola perpet~i i] pIailned volunteerI; All Jlllycrahgrass can 
perennial

pasture equ:l to or stirpassing thi perptuity of adapted 

lsla II g icl alpcr ilpar; ture hsl; beOCIt 
grasses. (IlI dlull

t 
) e crop 

on tite same fi,id llillj cOInsOcut iye yeart,succe:S.S;ful 	 l 
in ani accoptab e 

hanagelmolit input;; includ,': (1) producti on 
or planted

,;oil type a111 locale; (2) 1)roper dcv o iM'it o f nItIra1 
tlIaL abso lutely

s 1tands; (3) icceptablI' alliala I iI lag. prac t icos are 

(i) and phosphorus
necessary; (4) aidequatei notrition with nitrhlpn 

prai up praict ices;
(P); (5) weed contro I; (() acceptable h aiu" andi 

O - . 

afli ( 7) us1 1)t Iod (aIl-alI SOeL i Il 

t ui to 3 kg (f forage
Research ha; shown iii trgegelspo Seioe; 

N. lTillage, to destroy remnanti; of the old crop and effect 
per kg of 


ai' ,if the lIeXt plailtleli volunteer

seedbed prpara tion and plall crop 

ailld periistenceis absolutely IneceSSay for 	 pool for:lpe yield!; 
llo-t i lape treatnllts

Ti 1 lage treatllllnt; hav yildd up to 1827 of 
;; iason.

at the same N level with grltle-r diffel -llces eal0 ill the 

se let that
vastly differoit. Three ulls

SlAections lh:lvc proveli 

s el1ctijlls have been chosen


showed superior forage traits to othiui 
t

for p s.,;;i le ;ee d ilC i-ea Se.
 
s tudi il; Ilit;trate potential pasture 
yields.

Rlt;uLtS of re ;ircIi 
with the iighlest yield re-

YieIlds haveOveraged ( to ') ltric T/ha 


Corded 
 at 14.3 metric T/h . stm;idit,; h:1ve -corded seed yields itp 

is a rc Lt ionl of so d produced.to 647 kg/ha, bit Iiat 
to

DlovlOiltrat lioll; have ilctWlI beef cattIt stoc, or calf gains 

kg/iay ho matui- grass to
avirap,,e .(7 k 1/diy t11 I ',; fromI . 35 


.93 kg/day oi yullip,r, Iush pa;stut'r . Th higheit daily gain re

cordetd lai ; b.ei I. 11 kv1/tav.
 
a low of 5.4, crude protein
Forago 1t1ality hat; v~irid frum 

CP for yotiiig luish pasture.
(tP) foi llatlire forag to a hip_;h if 27.07 


it jgpost iii dr"y matter (1)>1) has raiiged from :ia low of '16.77 D)1
 

of 79.h , DlIN for ounilg Irisi pasltiure.

for l:liaur- forage (Io a high 

'i taria forage , lll;lla gelent
Vey words: 	 crabgra,;s (1ii s.algui llliS;), 


frtLi i,,ation , pastures, double cropping, y ielIds
 

qua i ty.
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11-10-1 Role of Alkaloids and Toxic Compound(s)
in the Utilization of Tail Fescue by Ruminants 

J. A. Boling, R. W. Ilemken, L. P. Bush, 	 R. C. Buckner, 
J. A. Jackson, Jr., and S. 	 G. Yates 

University of Kentucky 	and 'IJSDA-SIA-AR, U.S.A. 

Tall fescue (Festuca arundinacea Schreb) contains several alkaloids. Studies in our laboratory showed that perloline was a principal alkaloid in tall fescue during the sunmer, and that concentration
peaked at a time when cattle grazing tall fescue pastures frequently
have severely reduced performance (summer syndrome or summer fescue
toxicosis). The objectives of the following studies were: (1) to
determine the influence of perloline 
on in vitro fermentation and invivo ruminant metabolism, and (2) to determine the effects of two tallfescue strains selected for perloline concentration oi performance ofgrowing cattle, lactating dairy cows and interrelationships with
environmental temperature. In vitro fermentation studies showed aconcentratlon-dependent inhibition of cellulose digestion, volatile

fatty acid production 
 and growth of ruminal cellulolytic bacteria byperloline. 
 Isolated perloline fed to 
lambs resulted in decreased

cellulose digestion and nitrogen retention, and increased body temperature. As a result of these studies, two strains of tall fescue weredeveloped either high (Ci-306) or low (GI-307) in perloline. A summergrazing study showed that gains of cattle on Gl-307 were lower

those on Ky 31, Kenhy 

than
 
and G-306. In a two-year study with lactatingdairy cows fed Ky 31, GI-306 or Cl-307 soilage, cows consuming GI-307

had the lowest intake and milk production, and hi? hest respiration

rate. These studies indicated that in the 
 selection for low perloline,
compound(s) 	 more toxic and detrimental to animal performance wereincreased in G-307. Further studies were conducted with dairy calves
in environmental rooms to determine the influence of temperature and
time of harvest of GI-307 on potential toxicity. Calves were fed

July-cut Cl-306 and G1-307 
 at 10-13, 21-23 and 34-35 C. Intake andweight change in calves decreased, while body temperature and respira
tion rate increased on Ql-307 at 34-35 C resulting in temperature xforage interactions,. In a subsequent trial in which soilage was fedin environmental rooms at 31-35 C from May, July and October harvests,gain and intake were decreased, and body Lemperature and respiration

increased. Selection 
 for low perloline in Cl-307 resulted in con
comitant increases in N-acetyl and N-formyl loline. Also, G-307
N-acctyl and N-formyl loine concentrations were related to infestation with E'pichl_2e _tyulhina. Fields were established 	 from seed ofuntreated and benomyl-treated (;l-307 plants. Hfay produced from
benomyl-treated and untreated Cl-307 had N-acetyl plus N-formyl
loline concentrations 
 of 115 and 875 ug/g; and -E, lyplhinia infection 
estimates of 44 and 95', re!;pectively. Calves fed hay in 31-32 
rooms from benomyl-treated Cl-307 had higher intakes and lower tem
pCratures and re,;pIration rates than those fed hay produced from untreated (;1-307. 'fhese studies show that the toxic factor(.;) inG-307 are pros,ent from May through October, N-ace tyl and N-formyl
lolinc concentrations; are related to I. tvphina infestation, and
toxic effects to the animal are potentiated- by elevated environmental 
temperature. 

Key words: 	 tall fe:scue, rumin uL, performance, alkaloids, perloline,

N-acetyl and N-formyl loline, 
 1Eiclhloe tZ .uhina 
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fnll Fescue 	 TreatedProduction from 
Plant Growth Regulator 

11-10-2 Beef 
with Mefluidide, a Chemical 

T. 	 W. Robb, D. G. Ely, C. E. Rieck, S. Glena, 
ThomasL. 	 Kitchen, B. P1. Glenn, and R. .1. 

Kentucky, Dul'ont Chemicals, University of
University of 

State University, and USDA-SEA-AR, U.S.A. 
Maryland, Loutisiarna 

tall fescue 	(Festuca
Mefluidide treatment of Kentucky (Ky) 31 

inhibit seed head formation,
in the 	spring will
arundinacea 	Schreb.) 


immature and vegetative state, and increase
maintain the forage in an 

content and 	in vivo
forage nitrogen (N) and soluble sugar (SS) 


nutrient utilization in the ovine. Productivity of animals grazing
 

fescue, however, has not been determined.
mefluidide treated tall 

to evaluate 	agronomic characteristics
The objective of this study was 


heifers grazing
of forage an productivity of yearling beef steers and 

(C) pastures of Ky 31


mefluidide treated (T) and nontreated control 


tall fescue.
 
fescue (four replications at
Experimental pastures of Ky 31 


were used to determine

location I and one replication at location II) 


a spring application of 273.8 g mefluidide/ha on
the effect of 

gain at 28-day intervals of two,
forage N, forage SS, and animal 


140-day grazing seasons.
 
Mefluidide treated forage had higher (P<.05) N content, compared
 

112 of the grazing season 
in both years.
with C, on day 56, 84, and 


Forage 	SS content of T fescue was greater (P<.05) than C on day 28,
 

56, and 112 of the first year's grazing seascn and greater (P<.05)
 

on day 28 in the second year. Animal gain from grazing T forage was
 
to 56,
21.0; over C for 0 to 28, 28
increased 9.0, 22.0, 380.0, and 


112'-day periods, respectively. Combining gain

56 to 84, and 84 to 


data and analyses for forage treatment, year, location, and two- and
 

three-way interactions produced a positive (P<.OI) effect for
 

mefluidide treatment.
 
tall fescue 	inhibited seed head
Mefluidide treatment of Ky 31 

forage 	SS content, and produced a
formation, increased forage N and 


forage that is highly palatable and more efficiently utilized by
 

grazing ruminants than nontreated forage. This resulted in a 27%
 

increase in animal productivity per hectare.
 

Key words: 	 tall fescue, beef productivity, Mefluidide, plant
 

growth, regulator.
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11-10-3 Effect of Nitrogen Fertilization of Kentucky-31
 
Tall Fescue 	 (Festuca arundinacea Schreb.) 

on Brood Cow lealth 

J. A. StuCdemann, S. R. Wilkinson, 11. Ciordia and A. 11. Caudle 
USDA-SIEA-AR, Southeast Area Southern Piedmont 

Conservation Research Center 

Studies were condic ted to assess, the long-term effects of

nitrogen (N) fertilization 
 of tall fescue on cow-calf performance
and health problems in cilud ing grass tetany, fat necrosis, i;astro
intestinal parasitism 
and nitrate poisoning.

Kentucky-31 tall fescue 	pastures fertilized at three levels of
N were grazed with Angus cows at 0.4 ha/cow on a year round basis.Fertilizatio7. level,; included: high N (667 and 0 kg N/ha/vr from

broiler litter in 1968-1974, 
 and 1975-1977, respectively); moderate
N (134 and 224 kg N/ha/yr from ammonium nitrate, NI14No:, in 1969 and
1970-1977, respectively); low N (84 and 74 kg N/ha/yr from N114N0 in1972 and 1973-1977, respectively). Within 

3 
a year, cattle and pastures 

were managed similarly. 
The overall mean available forage 689,was 

from 
1287 and 2167 kg/ha

1973 to 1976 on thel I ,titdlerate andi high N pastures, respectively.
'Ile percentage of tall fescue was 65.2, 73.6 and 82.2 for :he re
spective pasture,, with tlhe be:-,mdagrass 
 antd weeds component beinghigher on the low N tall festcue pasture. ihineral analyses of forage
indicated a potential tetany hazard on all three pastures, yet from1970 to 1977,14, 9, and 0 cases of tetany occurred ott the high, moderate 
and low N fertilized tall fescue, respectively.


Mean cow weights at each N 
 fert i.lization level wee different 
at 362, 410 and 443 	 for the low, moderate and Ntigh tall fescue
 
pastures, respectively. Respective actual weaning 
 weights were 162,
182 and 188 kg There was a tendency for lo;wer (1h=.l) conception

rates (757,) 	 on the moderate N pasture than on the low (90) and high
N (862,) pastures. Supplementing cows 
 vith Mg, during the grass tetany
season itcreased adjusted 205-day calf weights across all pasturetreatments and increa,ed conception rate in cows grazing the 	 moderate 
N tall fescue pasture from 46 to 79 percent.


The incidence of fat necrosis 
 increased as N fertilization level
increased. 	 The percentage of cows with palpable hard fat was 3.2,9.8 and 53.7 for the low, moderate and high N tall fescue rastures, 
respect ivoly. 

Cows had significantly lower nematode egg counts than calves.
Calves grazing the low, moderate and high N pastures had mean levels 
of 426, 261 and 137 eggs/g of feces, respectively.

At tLhe stocking rate of .4 ta/cow, fortilization with 224 kgN/Ia/year or greater enhanced grass tetany and fat necrosis problems.Nematode parasitism was associated witlt the quantity of forage avail
able for consuiption and consquently -lecreased as the level of N 
fertilization increased. 

Key words: 	 tall fescue, Festuc;i arundinacea Schreb., nitrogen
fertilization, beef cow, reproduction, grass tetany, fat 
necrosis and parasitism. 
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11-10-4 Ilydrocyanic Acid Potc.inil 
in S;:argrass (Cynadon spp.) 

p. i E. H. iIod)y's, and F. G;.Martin;t~!,, 


Itiwivor;itv If l or'idl, P.,.A. 

of stirgra.rs (' irri r'J'scsi:! var. I:','wz.",rie acreage 
rr , <, ''i (C. var. rob u,n)C;. 'W;C.: 	 1:" , , 

(W. ','. ' var. ) t'i",":hroughout the tropical
and berinidagraz;s 

oi the warld hns increased greatly. Reasons 
and subtrop ical rgions 

. , 

for their pap a ri ty iulUide lii li Viald 'ood qualtvty, their 

and a i Iit v to -rodoire iin- In [ (15 20 C)colI to 
compet it i v nls , 

the (isi :ishave a hydrcyani c acid
elinperatlirei, 	 ]liwever, m1aly of 


p) wi c ma'.' he t i cxicto 1 ivestock . The purpose of
 
potential ( .1C 

inl fresh and hay saiples of 
this ;tudv wa; to detarninir the 1lCN-p 

C'i " entries at different 
merl sIteIt, Ilc ciiIll t ips fro nine 

(19 to 33 C) andrl-t ile suini11merf ir'rwt-l i r 
arld 'UF-5' stargrass)

pliysi lm'ical o,!'-

fall (1 1 to132 C). 'IwO Selected elries Conn' 

leaves and sheaths,
 

were ait;,, irte ,iiriSqtealac stem tips,separ-atad 
mnririty to mronitor

and llid'; and rliterilo:le at difereont ,tage; of 

IC-p , dry iatter (I)) aotndpercent;ige ll
(f whole p-,'ii contributed by 

deternined betw IICN-p
plant, complailL!-;. Correl at loor; were 

allrdtotal salnriradilation wereAll phiant e-i-ries
coll(uitrattion 

rarCe iveid .80-25-93 kg/ha of niiirogeri (N),
iat~a at 7.'5 c:1ard 


() one week prior to commencement of
 
pli;pliorus (P), arind potaisiurm 

the 	 The tICN-p wa, mensured by l alkaline 
rIimirier aid fall s;todies;. 


ilC rIP .olOr iillIti irO etdllre.
iC 

di ftrences in tICN-p concentratilon illmeristematfoc
Si</.nificanl: 

a 2
wrWe Loh inld arriaoru the nine i'M!Krientries over 

'eair Ieri od . lie (TcI-, rrruuaerit rat ion haInsical ly fol lowed either 

l vel (CC-p averaged 407 anid 529 

tarm t i1) 

or lIl.:lcv.el s. (iph Ierarser 

in a fredl weia,ilt(F1.) basi; durinlg the rrrmuirmer and fall period,
hig!h 
p1 

131 ppm 1l1., during
I-C;)c t iVLi''. LOW I(CN-lig': s;er; avraged 121 	 arid 


caiicant rat iois were
 
.;lnmcr nn fa 	 lI resapct ilvu Iv. Aveaia, 1C-p 

(75 ppn) andl highest for 'Puerto
lowes;t for 'C11 laie,lrtras; 


Iphp ) . AllI nt:' decreasred with maturity

Ri o :r'ss (5(0 


dil iii the h,)t , I. et ;urmmerr'r. llrit'''ev , lurin)g the cool , dry fal I
 

otIl I aiiraatirrer Iall lieluiw freez Ing.

If''-p tanded ti riemain hi 11 

d 	 25 ppm in 
f te,;se IIC-p do(rear.lc ')':' to 3' plpi and 78. to 

and low el 'ra,'uirt, ir(ruA i Ie. He ri.<temntic tips dried
After 
hh i 

aidn lorw level 
to S5Y I1 decreas;ed in ( h'rC-pES ann 78,' funr high 

fresh-1 samples. Significant correlations 
*"a~se , when compart'd with 


trti al radiiation
fround betw'ean t1Ct'N--p aoltr I 

prior to 1CN-p arialyls.
(i -OF(r ) rware 	 and 

day befoire' arrLI a aVra)I' If 7 l.'" 
<; 
 p irtr for I)Iand IICN-p

D)i id'n'i twa priar; r;pecc irt: plant 
lo'h ; iiiOna and It-5. lowever 

dtermilinat lirl 	 reveal did in: It hI)' 

o I who I. , 1l,:; t ips , I ea:e5 an1 slne;thls was consl rtentl]y
IICN-p 


t ipri generallyIrn 
lli'le;t (1-0.((5) ((CS-p regtardle'r; of :pile.s. These

leir (" 0.()5) thai lia rti-grn;as The i'uw'i teimat i c 

rai,l
CO ,Si the 
i'l" iii cim-tratIonslatni hinihdiat en dilfii';c; (i.1() l( -p ' between 

"
 ies. The resul ts 
*;tang ;o; ,anil 	 !,,,rllnirii; 'rass ( '.p.) rIll' 

p. , which cia 	 liI, beneficial whenrfr, vid. IIC-p 	 lievel'; ill I': p 

uaii/ag~i I -rip 1 rcal grasses. 

: , (iYr ' lI i II C an i pr(ie ort aI (IICN-p) , stargr 	 s s, C ?odo1 ,,
Ke', wor(In 


tropicail grrser:
 

/404 

http:do(rear.lc
http:stirgra.rs


11-10-5 Review of X,-cI ai:m; of Toxc ictyof 
3-Ni troptopano i c Acid in Nonrii inant Anima Is 

1). L. ;u tin :1d 1.'lrton G. Moyer 
U.S)A-SVA-AR , 11. ;, l ,jji I l',l.tui- Rerch Laboratory 

Crownvetch (Coronilla varns Ia.) currently has limited use 
in
the U.S. as a forage crop for- ruminant animas. Even though

crownvetch forage contain
can high amounts of nutrienta , intal t byruminants may be reduced. Toxicity problems upon feeding cron'nvetchto nonrumlinants have been traced to 3-nitropropanoic acid (NPA),
which occurs esterifled to glucose 
in the plant. Understaoding
mechanisms of toxicity in nonruminants will be helpful ir. avoiding
livestock losses and in treating poisoned animals.
 

Symptoms of NPA toxicity are similar 
 in rats, mice, neadowvole., chickeins, and rabbits, aud probably reflect central nervous 
system disorder,; and oxygen deprivitton. The other major symptom
of NPA poisoning in animals Is vwoted serum levelD of methemo
globin, a nonfinctlonIng 
 form or hemoglobin. Methemoglobinemia
Indicates severely depressed respsiration, but th is condition by
itself does not 
cause death. NPA metabolism in ionruminants
evidently produces nitrite Ions, which combine wih hemoglobin toform methemoglobin, since sodium nitrite mimics NPA in this respect.
Some add ional mechanism neededis to explain NPA toxicity.


Invest ipators have found thait approximately 17. of NPA in the
circulation of 1 itoxica ed animals Is 
 coiv,orted to a dianionic

carbanion and the
that NPA carbanion concen ration is sufficiently
high to Irreversibly Inhibit succlnate dehydrogenase. Under these

conditionl;, SPA carbanion also competLitively inhibits fumarase.
Il ese two mitochondrial enzymes catalyze sequential steps in the
Krebs cycle, both 
 essential to normal respiration. Two mechanisms
for inhibition of 
 succtnate dehydrogenase by NPA carbanion have
been proposevd; the mechanism least acceptable on chemical grounds
accounts 
 for nitrite appearance In animals (as methemoglobin) but
the second, for which the chemical eidence 
 is most convincing,
does not account for nitrite release from SPA. 
 Recent data indicate

that NA might be oxidized by a liver microsnomal monooxygenase,
 
thus producing nitrite.
 

NPA apparently acts in two 
 ways in exerting its toxic effects.I) Inhibition twoof mitochondrial enzymnes essential to respiration,
succinate dehydrogenase (irreversibly) and fumarase 
(competitively),

and 2) methemoglobin formation as 
a result of metabolic breakdown
 
of NP,. to nitrite ion.
 

", w ,r,,: ,rowm ,. f- h, ( ,r, ll i ,-i , A,;t raga.-1 pp. 
;i ,i: aci,I, ;PA, t ox-i -i t , t ropropi -,e thm o,Ioh inmi , 

suc c i nots 4 fiirn no 
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11-11-1 Relation of Animal Production to Stocking Rate
 

on Cultivted Pasture in Cerrado Areas of Brazil
 

C. J. Escuder 

Empresa de Pesques, Agropecutria de Minas Cerais, Brazil 

and gainThe relationships among stocking rate, gain per animal 

on seven grazed pastures. 'rileexperimentper hectare were compared 
was established on an oxisol iacrLs]tox, in Brazil. The pastures 

jara.uma grass plus legumes; 

!) gras p1lus legumes; 5) pangola grass; 
consisted of I ) jaragma gras; 2) 


3) molasses grass; IIolase! 


6) pangola grass pluh legumes; 7) mixture of grasses (jaragua,
 
discarded becausemnolasses and pallola) plus legulmes. Pasture 5 was 

on eachof poor establishment. lIour stocking rates were applied 

pasture from 1.0 to 3.4 animals/ha. 

For all pastures, gains; per animal dicreased linearly (P<0.05) 

with increasing stocking rate. No significance was found among the 

slopes of all the six linear regressions for each pasture, nor 

among yea-s . Oin tile other hand, the adjusted means of the pastures 

I , 2, 6 , and 7 were significantly higher than those of pastures 3 

and 4. Livoweight gainis were significantly related to pasture 

avai lability during the wet period of 1975-76 and 1976-77 and 

of 1976-77. The highest stocking rates atduring the dry period 

which pasturIs , 2, 6, and 7 persisteJ for more than five years 

were 2.0, 1.4, 2.0, and 2.( animals/ha respectively. The experiment 

that some cultivated pastures grazed continuously and stockedShowed 

at no more than 2.0 animals/liectare had a production 
 five times 

higher than those of the region in general. 

Key words: grazing, stocki';; rate, hyparrhenia, ielinis, digitaria, 

tropical le',tmmmme. 
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11-11-2 
Effect of Stocking Rate on Milk Production of Cows 
Grazing Bermuda Grass (Cynodon dactylon cv Coast Cross No. 1), 

Improved Star Grass (Cynodon nlenfuensis) 
and Pangola Grass (Digitaria dlecumbens, Stent) 

Irma Jerez and M.A. Menchaca
 
Instituto de Ciencia Animal, La Babana, Cuba
 

Seventy-two Holstein heifers were used during two first lac
tation periods to study the effects of stocking rate (3, 4, and 5 
cows/ha) and pasture species (bermuda grass, star grass and pangola
grass) in a 3 x 3 factorial arrangement on milk production, other 
grass measurements and animal performance. Pastures were fertilized 
at a rate of 400 kg N/ha/year and 50 imu of water every two weeks in 
the dry season (November-April). Concentrates were offered up to 
the tenth lactation weel at a rate of 0.5 kg/liter after the fifth
 
lactation, week. Afterwards, pasture and ad libitul mineral salts
 
were suppliied as OLt :'ole feed. 'lhe amnvials were rotated every 21
 
days and were kept in lie 
paddock for 7 day.- in the first lactation 
and 2t and 4 d,ys in the secind lactation. A multiplicative model 
was used for the analysis of the resuits to control some effects 
such as the lactation curve. pasture .< stocking rate interaction 
was not significant and milk production did not differ between 
pasture species but did between stocking rates (P<0.05). There was 
a stocking rate x pasture interaction (P-0.001) in the second lac
tation. Milk production (305 days) was 3844, 3224 and 2890 liters 
for 3, 4 and 5 cows/ha in bermuda grass; 3116, 3267 and 3627 for star 
grass and 3896, 3224 and 2621 in pangola grass. The results showed 
a higher star grass production/ha with the highest stocking rate 
(18. 133 liters) and suggested that the stocking rate on star grass
could1b increased while on bermuda and pangola grasses, individual 
production decreased as stocking rate increased. 

Key words: 	 Cynodon dactyon, C'nodon nlenfuensi , i)igiaria 
decumbens, stocking rate, silk production. 
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11-11-3 Effect of Graizing Pressure oil Daily Live Weight
 

Gain in Calves Grazing ltermiidi Cre (_YnLIMI dia--ylon cross No. 1)
 

D. Btenitez and A. Flias 

Instituto de Ciencia Aniuml, La labana, Cuba 

The ob jectiv o f thi wiork wa:; L t:;:;L5: t t l.-ct of 1,;iziln 

go iii ill calvc ; r:i. ini,; l e riniiii;i gratispires sure Oli V. ,,,i t 

No. 1. Te fnllowi g ilidiciore, iiilivlhtill liv,, . ighL (IM) daily 

l 'i- ii,, ( variouswil.ht ), obt.;ii ed ingain (y) W/ ( and i /1 O 
ion tquiliolSrl,,i of
,xpi~rhincat:; w,-rc d by li,,;ii; ullt ipl' rI ! 

y/hl I , I./av ii l . i r.l tiioll;hips;,to I.W/;:, DM jl;lth e ovuil Iilit, 
:m q lme ta ion ii k,. I and fibur/availability/l,, IM ,if calw,-:;, 

n i Lrogn ofi ra:;:;offereI ill hesc tri li . l viiidull ail,awil; rel ated 

u ' 0 x 0.O00031 XI)accordin;,iito iii tollowiqi' g iatioii iO1 ii.t 8 + 
i- xi - .r i Uiit;12I x i . 9 ;;l It I (' oO.1U). )1. ih'/a 

-was . 3 uwito'd toi P'0.01 al~ccmdin!,)! 1)t.¢xI y, ii tuhh5.0,o'9r' 8I'x( 1 - .91)5 × 

-H.l~OMO(Mi) , x; --0.01)42 ":;'j at ion ri Ind 
fuu0 adl .1 

-(,q {i hh .3 ::ainals I .,was; 

= + 0 x,al IstL d ti P-Hi I W-.dllli; to " .Li"1i ! OJiO7" x] i.000191With t 0. 55. il inlcLiding- 1 7 x' H. 00000009l~llq) .:2[- 1).0) :':'. 

A li.li ,.nti iid t-;it cr-ieelatlion improwid.ltioi l/N is Vl [U.:; 

;, ii-uplIi ;Ill-ct i i iicii lmore effecti.veIf iS CoI c ludthl Llh;lt ll. 

tlihin 010 liti: l ofo'lnilIIA.;/ha in predicting grazin;j capacity atid that 

Lhi:; is de oid,-i L t ot)h the 1 of c;llve ; ;ini availability and quality of 

gras:; offered. 

Key {)ords: CGmyjdon LLtict Ion, grazing pressure, calves, live weight, 
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11-11-4 Relationships Among Stocking Rate,
 
Pasture Availabil ity, and Weight (Gain
 

on Coastcross I[ Bermudagrass Pastures
 

David i. Bransby 
University of Natal, SouLi Africa 

Coastcross ii liermudagra.-ss is: a relatively new introduction
 
to South 
Africa and lit ti. i:; known abhouit its management require

ntall Contll tIoit; lig, as oppo,;ed to rottt onal grazing, isli+s. gia 

cons idered to be il Itost a mnaIpract ice 
 il .outh Africa. This has
 
developed from the izeceOs;ity of applying rotational grazing to the
 
natural rangl- in7 which se-ve1 1- t iOlI Mlad SubSe'luet!nt leteriora
tion Occurs udlr contiinns ng, ma41inly due ti the large differ
elice:; illaccepIt ;lil ity 
azizit th ilelnge specle . Ill cIltivaIted pastures,
however, this iroblm e:; not ,xi;t, yet thie ale. still few stockmen 
who grlaze thoi/" artilicial pasture:s coatilmien:;lV. Ihii le soue may use 
r"ota tioliil I gracyzg fo re tiirother isLzizsn, aro tihose, who believe
 
that it restil t:; ill i, i -Olltz'el-ol1i- it ,Lctar- tLhlu continuous
 
graz ing, 'I zd tIaL it I; le :; d:imaigi i t th, pz;lt.:e . The objective
 
of the research reported 
 in this pailr was; to evaluate Coastcross 1I
 
Bierzu lzrass tlder coitt i azzout and rotat i I g1lna extnoining
'rZing by 

relationships amyl g 
 stockina ratLi, pasture availability, altid weight 
i;aiIs .
 

LtiLto;:; a.; tires siro- gi"i iy hu); bee f atz i sal s for four
 
nzTzzuzzor growini g pril:; iin 1176.
;tart ilzi; Ihider Collt iltomis grazi-zng
 
i ztzMIir of dif ,rz t. level:; it pat;tuzr, ivai labil ity weri. -stabl isihed
 

azld m itztin, ,i tirizu,,oit ti:,- :.:pi ileti period by applying variable
 
stockiig. Roatlio I graz izg iv:w 
 ivel rotat ing animals tihrough six
 
;ubd iv i :; ion,; . It oo, rotat loils .!zi:iv I; were forced to graz, sub-i
;
i i Vi S tl:il ev'e I y iiOr,- th y wl'e zov- I, whi il , in otitiers a liore
 
lenietlit uti I i:tz im wia:;al lwed. 'a:;tu - avaIi Iibi I i ty was Iion itored
 
at wee kly ilt:lrv~l I t; oz I II piddick:; wi tit tit, pa:; Lurt (li.,kmeit or.
 
Rtet[lrt-!;:; AltIIi Vz'; i S; WASI>Llz;k ki~ ll t 0) i 1LC+r I)rt 1-0 ;uit I L ; . R,- I ,itioLi:-i p!; I t ,t i [t l -sz i ty +,d wsi ht ,aiu
 

w i lt ; i t y i i i t t -i-iI i tOii b, z twe ti llow vtzr,l - za:;t;. r egr'+;ioll,ft i i t!; Ii I Ifl -1,1.-i Lth ll!;
i 1nand bo+ wtc+llS;teas; alld btetwecn 
colitiill)lo[ v KI-. :,i 1id -it;itiz a I y grzeite trv-tzltent:;. On itl-other 
hand , I-,-L I iil:;h i 1; :tw, i tm:k in. rl t , and W ii ht a in W,-',, not 
,li;lyt; I i ll II,-- I; ii ' ii 11 alld Iiotwi.-zll oA,:;iO7s .inia r. ';i cl , tIi 

T[ldl ,[ wiislit il"I tlW p.i;tUF,' Isi; -z- i--i ritat iozillv or CotL illu
liiT; 1y.-


Re ;ilt :; dcr,,11: tra{,., timgt pj t; tur,' :va ilabi lity it;:i crucial 
falctoF- throughl which !;tm ;Iin, ' .,ll, utc; woiiaIht ai 11. that?I . :1d 
there i.sii, ;o ld !i0ol iCt I ri: ;mi to apl,1,;iinirotat iilal grazingin pref'r vnc,,t~ocont hvious; 011;:*lt, : 11n! Bha+clhrlld,'l),ralSS, 

lprovidil ;I z<d,'r:te lv 1 I liii aivail bilit.y it; atiintained. 

Key Wori(;1 (i0;iSt r ; I i grrai; ; , c:int izzli i ,;r l iIgCri i- ic'IUIla 

rotational, s;tockiizzg rito, avai laii i ty. 
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12-1-1 Beef Production from Tropica1 lrass-Legume 
Pastures In the 'Cerrados" of BrazLI 

li. 	 Vill a and A. T. Primo 

Embrapa-Cenargen, Brazil 

A grazing trial was conducted in Central Brazil :o ma!;ure 

the effects of levels of maintenance fertilization an ,rass-legume 

of forage production, botanic.ti omposition,association 	 in terms 
i1n/hectareIiveweight ga n/anima I , an itIal s/lectare and Ii vew i ht 

cult ;,i"r of 	PanicumReplicated pastures were planted withii a local 

maximum in ic'xture with Stvlosatlife ,'uianenis cv Endeavour 
cv Siratro. Zebu !;ite,-rs wore usedanI Macropt itiumi atropurPIIreITT 

same gr iressure.prinrat approximately the 
applied (2t/ha).

After clearing the "Corrado" dolomitic lime was 

fertilization was made witih thernophosphate (100 kgCorrective 

1,905/ha), potassium sulfate (70 kg K. O/ha) and FTF-Br-10 (25 kg/ha).
 

e.tiblihen , applications of16 subsequent years after pasture 

single super phosphate (20 and 40 kg 1'O5iha) and . -issium chloride 

(20 and 40 kg K2 0/ha) were made each February. The pasture that 
lowerreceived no maintenance fertilization (zero level) showed 

and and weeds, compared to 
percentages of P. maximum legumes more 

those that received fertilization. The ferti.lization level; used 

modified the chemical composition of the forage. All the forages, 

treatment:, met the P and K requirements of 
except in IL' 0 level 


grazing cattle for production.
 
were 229, 339 and
Animal liveweight gains during the first year 

fertiliziation,
376 kg/ha for the 0,20 and 40 kg/ha Ivels of 

respectively (P- -),05-1975/1976). During the second year, the 

17(, 340 and 449 kg,/ha (p<0,05- 1)76/1977)livewei ght gains were 
.	 year,re.pectivel, for the three levels consiiered For tie third 

and 476 kg/ha (P 0,15-1078/1979)the liveweight glin; were .150, 155 

respective Lv.
 

Comlparinlg the re;ults of the three years, it can be seen that
 

the 20 kg/ha level tends to maintain production. The 40 kg/ha level
 

tends to increa;e production, while the ( level tends to decrease
 

it.
 
T'he level of animal production which can be attained in grass

legume systems in the Brazi lian Cerrados is dependent upon the level 

of avai lable nutrients , legume content of the pastures and 

grazing management. 

Key words: 	 Panicum maximui, Stylosanthes gutnensis, Macroptilium
 

atropurpurceum, maintenance fertilization, beef
 
production.
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12-1-2 Milk Production and I. iv, , eiglt ( ils Ciows
 
and Holstein Steers Rece[ving Eleph'iatgras; (;ren Fodder
 

Pio Ar ias:Iald Jorget Conbllab 1a 
Facul tad de rilmioi;I , Viezue la 

Our objectives were: to o'sti uiah the potential of elephant
grass green fodder for milk production and live weight gains i.I 
Hlostein cows and steers, to ,'vaItatl the,, effect of the concentrate 
suppL!ementatiLon oilhebrage intaike and milk production and to obtain 
a preliminary information 0l gr,,in fodhr intake in steers and 
I.Ictalt ilig cows. 

Two tril I; wir carri,d Out .;imuiltinou;ly. In one trial the 
o xper iiimental design was aa Iotin :;qua re x " six3 with ,oeli; periods.
Six Inol;ktoiii cows ill mid lactation were usld, tli- trea tint ts wen' 
three levels of supplemietntion ((.3 and 6 kg/iI.iv aid Ii h)i toi). 1I1 
tie other tLrial Iilhe Ih lo;t , ini ,;te.rn , iii a coiitiiliiiiUs desigl, re
ce ived the .;a:mo basal dItl ad libitum only. 't'w,.lvo Colonlhiian Red
 

' to iDI) hIder than 6# days.
sh, rep Ised deterniine fora1 e but n o 
'l e periods I - I1 wire at thon .i ' of the dry season; the period Ill
 
was at lie ri i iv season.
 

TI'e ColIcent-rate a effct forage
hal. snica oil intake and there
 
was a s light renpols, ft Illi lk yioId to enltr t: l.
coli siplelnent ai:ioll 
(0.31 kI , mil1k/kig/ COlCillt.rat.o). T'll latter ffocI was pohnbly
caused lirtiaiIlly by tie aidvanc, of ti,, lactation CUi-Ve 'nll talle low 
cil1k 'iolil l.,vi' I of thei cows ()Sod. Th cows on tll, basal di Lt had 

n i' il I' low int:ke.s J1nd :i rl il iv high miilki iroduc tionly (6.7 
kg/day,) bi an atprciable 1oIn ; oit wi i ;It . 'l'i rtimsarkah Ii iot ake 

i f l'iicoS b0 tw.eell S Lt, ; aIIid cows ( :1. 240 vs O. 82 7 kg IM 10O kg Iw- 1 

rospict iv,- I'y) i ii ' l only i1roc' iv t a a Iil diet a'ir not xpI a iinable 
tIe t , l it thi.-- p':.rrim, nt. 'Irobai)lv tlr' was a :es i u 1 eFf ect,
of ti' colci'oItr to :;uppIn*il'ntit i tn il th lit il i zat-ion of the forage
ill lactatinig Cows. Ti'h lower values of inta;ke in the period II in 
SIteers :l sheep (272, 215, 191 (sters) and 293, 2.51, 3.57 kg DM1100 kg w (shiieep) in the piriilIS 1, 1I & Ill, respectively) re
flcts a Seaisll if ,"

t 
I On tii' horl'g ' qua lity not relatild to plan' 

1orpihIJ 1ag i ca I chiail ,.'s 
'l'h intik,, diifc'irolc' lu'tWtt,:nI sti'ers aind shliei p ill tho period 

Ill wa ; iiro uably Occcaioin d by tirl-it diprCssive influence of the 
r i iill 1 1 II initake by tmr;.a 

Key words: mi 1k pruitict ion, I iv,. wei ghit gaiins, Ieriage intake, 
0I1ephantgrass , cows, steirs, siulplel ita tioll.
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12-1-3 Productivity of Sheep trazing lrachiaria
 

ruzi'Zensi s Mixed 
 with i Legumes in a Wet Environment 

S. Suite tyo , I'. C. 14ii titlan , 11d . i. liumphreys 

Bogor A\ricuiltural lniversity, Indonesia 

A ,r xipiriviett'it wa!; conducted in Iogor, Indone;ia, in 

tfct of pa.-st:ure improw'm'it oi weight gain1976-1978 to ni i;ur- thei 

ixpi-ri tielt w:;;; 9(M) III above sea Le.'elby stheep. i'l- o0:t ion of the 
i . l 11 )7 tmi av,.rV ,d' ,'nOAtIilI em I 

rainfall. The y,,'-tiryt(AtIiper;itut i 25"'. 'liree diff,-rent pastures 

Weti Ll';,'dI: iltll Irichiaria ruzizi'iilt 'ia l pastUre Of Ii. 

on i tatosol i. !; %i i I ', I I t i 

n , Imixed 

II tie-I 11: ICe:rosm 
; 

; iol U
ri I' Ji t it'ls i ;I; itlil Sl ('d pubeset [)ietl Itditlli cilnlatiiin 

Um, iierar is phl; olooide; and StYlosathties.1 troppt 1tiiin atronjurpir 
was xcept i x d pl:;ti re,

,i, 'teensir;. ho fort i i zer app tI el, for theL 

to 'listla:tt'Iio ulittci 15 kg tiri p1 c i;uperphe wast appl i(d St i Iit,- growth 

twe- ex 
lI I: LStUr the s 

o t thI I 'uimeI;. lIt r e Ii f f r n st ,ck i nig ra;it,; re ri'I I on(i 

e'al I 1-;tIIv : 1ow, mWd itium ;1 d1 i h.1 For til'1t.1 tt', 
the mrichiariaw - uivalout to 32, 41 atld 51 ' "ip per hai; for 

II , 67 :ti( 81) slhi p per l,, and for t he mixe-d pas!;ture 53, 70tIpdi:;tL 

The sheep ti;,d were local male sheep ipproxiitl '4 .;Iiepi.per h 

mIately " month!; ld. T'l grazing pgatter'n ,a; 24wi al''i'itiiit hours 

The 3 x 3 ftactorial. experiment
gr;tilit for 5-titotlit.1 grazi t', p-riod. 

w,'!; r-pl ic tcd foiur t uitit . 

i[itma from t y-trl si"owo'd that the Brachi aria/lei; iies
ti.n w-clltd 

average s;tockiltig
r .il ted il Ii,h :;li iv weiglit g, ini;; for tite 

k' wli i I LIic 5ltr. IcI i a-i a lid nltIt'ir I pa s t ure produicid 
tasLtuli 

i'lL,, tI.32 
3. 7" I .tti 1.dI kin' re-pect i I v. lTh dThta I tlo ;showed that, Oit aIl 

stock in, rate the ,lowertile 1iveweig;ht i,;in:
patittIri,; , th, I igIwi th med iIll!and h)igh ;tock ill)6.51f, 5t , and o.,]i: for Hio lrspect iv,' Iow , 

rat
 

Thielopt ii lum It, c.'l i ra: tIi-ti It , the i r cIii aria ln d
 ,l', c f!; atitura 

the B l aIi i ;ii r /1cl','uwspaL,,li~r,- , 5 an 60
wot- 2,1- il shol:p/hna/5 imonthls 

Le-I - t -i i.uisw,r pa i Iih aty 5, 158 nd 306 
r}lespo-ctLi ve tv, l.

t ,,,,-l, ht :;ld ,:-'[.],--c Imp. ov lnent o f"nlatralI pastiiille( ,,ith 1I. r"m)i'icnsiS; 

B~ ; uu,,, ,I I. r,w:i_ii z w lld 


'll-,','u s lh,it;hc,',,dtho' blll/ compaitglbility W~th B. ruzi

:-'iell;i!;k,,l- ho'l,_';,2 iumr tuil.
 

ai1lig did , u h ,:,i-t r 

, Lui. motw;is and IDes;iolouncitil 

woril:;: -t.it ino -i , toekim'. rat, natuiral pasture , BrachiariaFey 
r i:i'i; . , t ,,;'lo, nith e;s i an',i, i, Detttiodli um unci a t11in. 
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12-1-4 Ilog Feeding with Napier 	Crass in Taiwan 

Chia Iluang, T. C. Chu an(] 1T. '. Yeh
 
Council for Agricultural Planning and Dvelopment, Taiwan
 

Napier grass, PenniseLtuim LpujIretun Sch. is a bunch type trop
ical grass. It responds well to fortilizing and recovers quickly
after cutting. it is the leading soilage species cultivated in
 
Tliwan for cattle feding,.
 

It has leen tried a; : re.1 for hogs by the first author since 
1960. At first the grr;s tvas chopped before feeding to hogs, which 
face the problem of exco .sive fib,.-r intake. Therefore, this suc
culent ,r-Iss was fel to to,,S; unhopped; to,,s ci'hw this grass for its 
jui c' witIou;t swa I lowi;l;, the .' . Faruners cons ider it a good idea 
to supp louent SI1se minera ls alid Vitamsins by p ivin ,g a smll amount of 
sip'ier grass to Lilt, swilne. 

After Lhe ener y and grain cri;es in 1973, more serious con
sideration; was give;n to the .st ol. napier grass to replace part of
 
the concentrates for swine feedin,. Several


19 7	 
fiodini trials were

conducted aft,- 4. Two of them are presented here. One exper
iisetit was to feed napier gras; cut at I in stage 
 anild at 2 in stage,
and aI chock 	 tra:ment Wi.thout fitding napier, 9 pigs in each treat
mett, from,; 20 five to kgkg weigit 90; finished. Feed composition
of theII ;piivr I-a!; e; wa!; det ernnsitI'd. Concentrates fed were adjusted 
in asmount according to thet quality of the napier grass. Napi or 
sot lai1'' consutiptiot averaged 1.4 kg daily per pig. Feed conversion 
r:It(e was 3.81 fori the chOck, 3.54 for tilt- yOui;or napior and 3.65
 
for tle mo;ire inititreti tapir t 'eatmi'tt.
 

", other fl-elinit, trial used expressed juice of nipier grass.
TIt I Lreatments 
 wore the chck, and pils fed with 1 kg juice and
 
with 2 
 kg, s ice' daily per pi,,. Th, conce ntratts were deducted 
0..12 k, for every I kg, juice fed. C01ptI; itiou of the, expressed 
juice was deterrmined. 'I'h, fettd conversion for the check was 3.69,for tlhe I klg juic' treatrient 3.58, and 3.21 for the pigs fed with
 
2 kg I 
 ijuic-, da l i There wire. 20 pigs in ) pens a;signod to each
 
treatimnt , 
 start in from 16 kg I ivi weight to 90 kg live weight.

Sinc, al II thi lteediln trials on swine fed with napier grass
showed itneficial 'ffect, it; application for tropical regions where 
cOlctrll at,; 111:'' h,, expens ive an] sot frilly available, has economic 
ihnpo i :i1s c e . 

Key words.: 	 napier gras;, Penn Si'-timn plirpurel;n Sch- . , soi lage, 
swine, tropi cal , Taiw'n. 
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Mass Gains of Beef Cattle on Grasslands12-1-5 
in South Africa
 

P. J. Edwards, B. D. Mappledoram, and P. E. Bartholomew 

Natal Region Department of Agriculture and
 

Fisheries, Republic of South Africa
 

This paper summarises the results of a number of
 

grazing trials with beef cattle on various grasslands in 

the frosty, high rainfall (750-1 000 mm) areas of Natal, 

South Africa. These areas represent some 2.3 million ha 

or 471 of the province. 
Beef type yearling steers or cows with calves at 

foot were grazed in rotational grazing systems using a 

range of stocking rates. Animal mass gains were 

over the spring to autumn grazingdetermined regularly 

period (c 180 days). The duration of the trials varied 

from 2 to 13 years and from 12 to 77 sets of data are 

available for each pasture type with each of the two
 

classes of animal. Results are presented for natural
 

grassland, reinforced grasslarnd (fertilized and oversown
 
areor sod-seeded) and planted pasture. All results 

from dryland conditions and were processed with the aid 

of the stocking rate animal performance model of Jones 

& Sandland (1974). 

The maximum gain/ha for steers is estimated to be 

120 kg with an ADG (average daily gain/animal) of 

0,35 kg at a stocking rate of 2.0 animals/ha on natural 

grassland; 350 kg with ani ADG of 0.40 kg at 4.6 

animaln/ha on reinforced grasslana and 840 kg with an 

ADG of 0.140 kg at 11 1 animals/ha on planted pasture. 

Degraded veld produced only 60 kg gain/ha with an ADG 

of 0.35 kg at 0.) animals/ha. 

The maximum grtin/ha for calves is estimated to be 

170 kg with an tDOGof 0 .45 kg at a stocking rate of 2.2 

cows and calves/ha on veld; 240 kg with an ADG of 0.60 kg 

at 2.2 cows and calves/ha on reinforced grassland and 

840 kg with an ADO of 0.55 kg at 8,5 cows and calves/ha 

on planted pasture. 
Some 3 million ha of natural grassland can be 

improved in the high rainfall, frosty areas of Natal. 

Such improvement could lead to a three-fold increase in 

beef production on 60, of the area and a six-fold 

increase on a furthcr 3A! of the area. 
The economics of im.roving grassland for beef 

production are dependant on the cost: beef price ratio. 

At present ini the areas under discussion this ratio for 

growing out steern is 1:1,8 on veld and 1:1,6-1,7 on 

improved grassland. Thus at present the profitability 

of the three systems is evenly balanced with a slight 

advantage for veld. 

Key words: types of grassland, livemass production,
 

beef cattle.
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in the Brazilian AmazOn
12-2-2 PlasLture Research Project 

A. M. Iollick, 
It. MI. Saito, A. Khan, D. I.. Winslow,

H. W. Koster, E. J. 
Rolim

M. 	 PaI lichi, A. C. Ce,t;a nil I. A. 

InI tit ttt de Pe. ;qit I sa;; I , llrazi I 

in the Brazil ian 
For pa:;ttl' establishlament

The commOn proc-,dure of the felledand burningof forestcuitLin down
Amazon has; been thie 	

;a g
'
,rass (Qnicumi

by aril seeding of Q il 
vogot t ion, followed t pr illct 100 

(, gtliel piaCticOs , alliinOI o d
norTmlalMaXilIlUIM L.). Uld nr 	 and were int the pa.;LIre5 (Itrioratedi cain y a;has diopped s.in if 	

in terues of climate, 
The dearth of Nnowled;,ge available 

vaded by weeds. 	 planted,ill which pastures were
for the manner

soit and plant 	species, fort i1i :ig,
 
mnanageOd 1 of the pa;;stur es. Tfhe
 

absence of 
and ;t.ocked, allied to a comp lete 


cornp Otte degradation

led to oVer,'r( ill and 	

adapted forag',e;oil problem,; 

oh ective of the


to identifythe Stud,' wa; 
waiy; of regenerating

tir, 1;;aiia'eiie0lt praCt ice; and
tore Northieastse olected: 


paiture; of the

rep ioni; were

Two repr'so' nat 	 ivo 
the larges t o 	 of Para, where 

par joinas-State
lato (;lrOss and 
Tho procedure wa; to install
 

ar' COlnt-nLratI.projectLs 	 byCattle 	
100 foragev s;pecies, followed

with ove r 
p ,ardon plot;introduction 	 ;pecies . At

th,- mosl promisin,witha" - lime experime nts
fortilize 	 Lhe principal 

were, coi(lbct(d to deterline 
t: , lot t.oLudie.'s 	 tthe ;alie 	 were instal ledexperimen s 

iir field condi t ion;,
prl,'.nutrient 	 their perform;;anceadte quately and

pCiC, fertilizod 
'nt!; aiilm'd

with the best. 	 ofat- the recuperation 
oval la ted. Specific expo'was 	 and other a gri

i-e of herbicide!;fort ilization,pas;ture; throul',h 	 5 years.of the inve tigaLinl was 
The durationcultural practice. as the liiiting;

the nutrient phosphoruson ofi IntificatiAesult!;: o iloa grass;
ent and l itrnal persi;teni e of 

i]ithe developlfa tor 	 kg/lia) alone 
wit.hi luw level; of phos phorus (5)-/5 

pos;itive r,sultt ; 	
recupe ratiton of ;over',ly Jet,r

for thelims;to', 
woed;,; efficiencyor Lto',Lthl'r with 	 ini the use of 

inf;ted with
irit,,d i 	 ofSelectiolipastitre!;of weod-infestedin the rNuptiration2-4-D 	 ci;t atdaptn:ille for 

the most Proii;ing fora'eI17 of 
n,;cess;itv

approximately 	 mainta iniof pho';phoru,( to 

i;e ill the, 
 .; i:ii. Conclu;ioils: 

we I '; it;i Ila ;'rass as;- it'y of gi
I 	iil prodi ction C' pa limeth it 	

to, ther witill dolomi tic 
oI pllot;phorui Iiz:ation' ;tic, -; tPOr1;i 

guinea 'rl'a.t pastitr,;; prac
fo1(11 th, r nvaLtivir'co w ,';nded 	

of 
in f! t;Let pad;LItrts. 

' th - i i do; to reclpera Ito wee d 
ti ca Ite y o0 	 i' ( as a d,. tab 1e 

w,, r e idcI t if 
It ly 1 7 new v,,;o,t'lti v 	 a i essp 

Si 
c 

ini ficn or : cons i deri ng 2.5 
tlo.!Ia
,Ii I ; ': . 

I ; IfIt ralr. 0: 1!
0;)"n 1', t1,w , i 	

pr Io ct ion and 
l ,z or' ;;

it ItI(,:I Il h, t I; . I 	
I rati' , thLeLre sitLt;L

i tsi L or roli h %,' i lra z i Iian Ama zon.II, ,¢ 't) B ,, '" tht,w i I , I It 01-, 1h,lir inobt-aiii,:! 

soils guiniea grass,
t tit,-1 i ra:g.', tropical

KI. -'1r 1;: ; A'lla:,' ) ' 
4r'eJi-;*;11 ; a i 
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12-2-1 Intensive Beef Production in the HlumidAn Evaluation Tropics:of Technical and Economic Feasibility 

R. 0. Burton, Jr., and W. B. Bryan
West Virginia University, U.S.A. 

Some parts of the humid tropics show great potential forintensive livestock production from forages. 
 However, in many
cases, economic analyses have not been performed.
In this study technical 
 and economic feasibility of threestrategies for developing intensive pasture for beef production
are evaluated. 
 These strategies are 
fast development (no capital
limitations) using cormercial nitrogen
comnnercial N, 

(N), slow development usingand slow development using legumesThe strategies as a N source. are based on experimentalfrom data and expethe Orinoco LenceDelta, Venezuela. 
decumbens) 

Pastures of Pangola (Digitariaand Swazi (D. swaziLandensis) were rotationallywith unselected grazedCriollo/Zebu cattle. Liveweight gains of 550g/head/day and 1000 kg/ha/year were obtained.Using 1974 prices and a 30 year period, net(NACF), debt payback period (DPP), 
annual cash flow 

net present valueannual profit after (NPV), andthe debt is paid are used tofeasibility. evaluate economicSensitivity analyses are 
performed varying interest
and discount rates, investment and operating costs and livestock
receipts.


Under 
 the fast pasture deveiop1,,,+,,
alternative, with no capital constraintsNVV is highest DPP is shortest.development using commercial 

and With slow pasture
N, NPV is negative and DPPNPV is positive with is longest.slow pasture development

budgets using legumes.indicate NACFthat receipts are greater than expensesbut accumulated earliestdebt greatest, with fast pasture development.three strateiies Al1]result in extremely profitabledevelopmental farms once theproce,; is completed and the accumulatedpaid. debt isThe farm in which legumes substitutdare for commercialN is imost profitable.
lDevelopment of intensive beef productionis technically in the Orinoco Deltafeasible. Most economic criteriaa developmentaI used indicate thatstrategy with fast pasture X:velopmentdesirable. is mostSlow pasture development using commercialdesirable and may N is leastnot 'e economically feasible.feasibility The economicof all three strategies is very sensitivein interest to changesrate, discount rate, operating costsreceipts. or livestockDevelopment of intensive beef production couldencouraged beby government subsidizat ion of capitalpolicies which or by governmentresult in favorable levels of operating costs orlivestock receipts. 

Key words: beef, humid tropics, economic evaluation, pasture, 
legumes, investment.
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and DevelopmentResearchin PastureAdvances12-2-4 
in Santa Cruz, Bolivia
 

and C. R. lorrelll. T. Paterson BoliviaMission,
British Tropical Agricultural 

Cruz, but productivity
Cattle production is important in Santa 

is low due in part to low grazin,,vlthe of natural pastures 
particularly in the dry season. Other constraints to cattle 

values, poor management, high cost of 
prodIuction~ include low land 

prices. This programne aimed at 
in-puts and relatively lo. product for complementary use 

(puality, low-cost pastures
providing higher 

within traditional gra;.ing' systems.
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12-2-5' Development~ f~a Pastture Research Program for
 
the Tropical Savanna Region of Brazil
 

SD. 
Thomas, C. Patrick Moore, 1. Couto,' R. P. 'do Andradd, 
C, oC. bdeRochaComesand D. T.G 

Tropical Pastures Program (CIAT) Colmbia and EMBRAPA-OPAC, Brazil 

The tropical savannas (Cerrados) of the center-west region of 
Brazil contain almost 40 pLrcent of the nation's cattle population 
However, the low productivity and, nutritive value of the native pas
tures isaserious limitation to cattle production. To improve the ' 

trition of the grazing animal a research program has been developed 
wth emphasis on the integrated *use of cultivated pastures. The 

program 'aims (i) to select species adapted to the Cerrados '(ii) to ' ' ' 

2 determine their nutrient requirements and (iii)' to develop methods 
iof establishment and utilization. The program 'isbeing conducted at 
"the Cerrados Agricultural Research Center (CPAC) at latitude 150S. 
Rainfall is 1578 numper annum distributed in a 5 to 6 month wet 
season .from October to March. ' ,. ' ' ' ' , 

A systematic 3-stage pasture evaluation scheme has been imple
-es~tg Itera-680Q,-egume-and A 26- grass. access ions..,--

under test on' the two major soili of the region. Th eprincipal genera 
are Stylosanthes Sw., Panicum L., Andropogon L., Brachiaria Griseb. 
and elinis Beauv. Observations are made on phenology,' productivity, 
nutritive value, seed production, animal acceptability, tolerance to 
pests and diseases. Promising accessions pass to stage II where 
simple grass-legume mixtures are evaluated in small, individually
grazed plots for compatibility, persistence and productivity. Cur
rently, 19 accessions are included in stage II. In stage III grazing 
trials are conducted where year-round animal performance is monitored 
on the most promising mixtures at three set-stocking rates. 

Soil fertility and plant nutrition studies are being undertaken
 
in two stages. First, exploratory greenhouse experiments are set up 
with treatments arranged factorially to identify the most important
 
soil nutrient deficiencies. Second, field experiments are designed
 
to verify the greenhouse studies and to determine the amount and kind 
of fertilizers required for pasture establishment and maintenance.
 

A comprehensive program has been initiated to develop methods
 
of pasture establishment. These include investigation.of conventional
 
planting techniques, undersowing of arable crops, legume introduction
 
into native and degraded cultivated pastures by oversowing and sod
seeding.
 

In the Cerrados 95 percent of beef producers are involved in
 
cow-calf operations. Therefore, pasture utilization studies are
 

' designed to investigate the strategic use of new cultivated pastures 
for improving reproductive performance of cows, reducing age at first 
calving of heifers and for rearing early-weaned calves. 

Preliminary observations are presented for the various studies 
in progress. 
Key words: .savannas, Cerrados, Brazil, pastures, evaluation, fertil

ity, establishment, utilization.
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12-3 Diet Quality Considerations in the Design and
 
M'~~
anagement of Pastures in the Seasonally Dry Tropics
 

of Australia
 

1R,L. McCown and C. J. Gardener 
Division of Tropical Crops and Pastures, Australia 

Much of Australian tropical pasture research in the last 20
 
years has been aimed at filling the 'protein gap' of the dry season
 
with a well adapted legume. Several such legumes are now available,
 
but their contribution to an improved nutritional regime has been
 
variable. This paper puts forward generalizations as to the con

! tribution to cattle nutrition of pasture components and attempts to
 
apply this information in*devising regional strategies for pasture
 
design and 	 management. 

*The contribution of a forage component is a function of (a) its 
nutritive value and (b)( its relative acceptability.: Three compon

ents emerge as both highly nutritiooi3 and acceptable, i.e., young
 
green grass, mature green legume, and legume litter (mainly leaf
 
and seed).
_-.-Young. dominatesS -the-diet.. from..first-storms-udnti I_late- in 

the rainy season. Drastic reduction in grass quality correspods 
with peak yields of mature green legume, and diet composition
 
changes correspondingly. Green legume remains the major diet
 
component until soil water depletion triggers senescence and leaf
 
shed. 

During the dry feed period, legume litter is capable of support
ing liveweight gain unless rainfall causes spoilage. Sufficient 
!.ain to promote substantial grass growth can also have a net benefit. 4 
The most deleterious situation is one of small falls, sufficient to 
cause spoilage, but insufficient to support growth. Dry season 
rainfall in the beef producing regions of tropical Australia is 
highly variable both geographically and temporally. Figures are 
presented which show (a)the variation in the risk of rainfall 
damage to dry:legume and (b)the probability of green grass avail
ability. These provide a basis for design of pastures and manage
ment for various regions. Strategies for two contrasting environ
ments are discussed.
 

Although the goal of a well adapted, high yielding pasture
 
legume for the semi-arid tropics has been achieved, there remains
 
a major task in optimizing utilization of such a plant in production
 
systems over a wide range of environments.
 

Key words: 	tropical pastures, pasture legumes, Stylosanthes, beef
 
cattle, diet selectiun, agro-climatology.
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12-3-2: Develop, -tofLegume-Bsed Pastures for Beef ~A~~
 
Production in Dry Tropical Areas of Northern Australia
 

~'J.C. ?iclvor, R.J. Jones, C.J., Gardener and W.H. Winter
 
Division of Tropical Crops and Pastures, Australia
 

A program designed to select pasture legume species suitable 
for use in 	the 500-1500 mm annual rainfall zone of northern Aust-"~ 
ralia is described. Extensive beef cattle grazing is the major
form of land use in the region but animal productivity from native 
pastures is lowldue to the low herbage quality of the native grasses
 
for most of the year. The program aimed to improve the herbage

quality by 	 introducing suitable legumes. 

Despe a number of shortcomings, the annual legume Townsville 
(Stylosanthes humilis) possessed the potential to increase 

animalproduction, so a detailed study was made of other members of 
' 

the genus to determine if any contained useful pasture plants. The 
program, which involved spaced plant studies,,and small-scale cutting
trialsat a number of sites,: identified a number of persistent, high
yielding accessions. 

Animal production studies have been made with some of these 
accessions- at- a number of-sitcs.- -The. introduction-of -a-iegume-into.- r 

native pasture generally results in an increase in carrying capacity
although production per head may not increase unless superphosphate
is applied. The Stylosanthes accessions can produce moderate to 
high yields without superphosphate and only small applications of 
superphosphate may be necessary to give large increases in animal
 
production. The major contributions of the legumes are to prolong

the period of liveweight gain and to reduce or eliminate dry season
 
weight losses.
 

This program has led to the release of cultivars in,three
 
S,,,cies - S. hamata, S. scabra and S. guianensis and has shown that 
productive legume stan'ds can be grown in dry tropical areas receiv
ing more than 600 mm of rain per annum., This substantially 
increases the area where legume-based pasture improvement can be
 
applied in northern Australia. Productive stands have also been
 
grown in other countries and offer the potential for increased
 
animal production in those areas.
 

Key words: 	legume evaluation, Stylosanthes species, animal
 
production.
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12-3-3 Growing Beef Cattlh on Native Pasture
 
Oversown with the Legume Fine-stem Stylo
 

in Sub-Tropical Australia
 

K. G. Rickert, C. McK.on, and J. J. Priusen
 

Queensland Department of Primary Industries, Australia
 

Fine-stem style (FSS), Stylosanthes guianensis var. intermedia, 

is a perennial legume suitable for sowing into native Heteropogon 

contortus pastures on well-drained soils in south eastern Queensland.
 

A grazing system is described that aims to maintain a productive
 

FSS pasture and grow steers to 480 kg liveleight at 27 months of
 

age. This requires gains of 300 kg steer in 20 months after
 

weaning. Results from a short-term field study of the system were
 

analysed for long-term repeatability using a simple model that
 

predicted animal production from stocking rate and weather records.
 

The system was studied near Gayndah, Queensland, on 11.3 ha
 

of FSS/]I. contortus pasture invaded by Rhynchelytrun r_ Each
 

June after weaning, 7 steers (5/8 Hereford, 3/6 Sahiwal) commenced
 

a 20 month grazing cycle. Thus two animal classes grazed together
 

from June to January. From February to May, after the older
 

animals were slaughtered, the stocking rate was halved to allow
 

FSS to gro 
before winter. The mean annual stocking rate was 1.0
 

steers ha
 
Since 1976 three grazing cycles have been c~mpleted with total
 

, to give carcasses
liveweight changes of 276, 32A and 315 kg steer-


suited to local trade. FSS contributed 10% of pasture yield, but
 

weeds progressively increaned.
 
The animal production model predicted liveweight change (LWC)
 

in winter, spring + summer, and autumn from pasture growth index
 

per head, the 
mean growth 	index (GIX) for a season divided by
 

stocking rate (SP). GIX was the product of separate indices (range 

0 to 1) for temperature, solar radiation, and soil water supply. 
from resultsThe regressions predicting LWC from GIX/SR were derived 

of the field study and two published studies; they accounted for 

85 to 89% of variation in LWC. 
Complete weather records (1958 - 1980) were processed to 

estimate GIX from seasonal rainfall and GIX in the previous season.
 

This enabled LWC to be simulated from monthly rainfall from 197( t
 

1980. Three mean annual stocking rates (0.74, 1.0, 1.3 steers ha

were considered over 109 grazing cycles. 
 Frequency distributions
 

of total liveweight gain showed that SR affected repeatability.
 

The model estimated long-term repeatability from a restricted
 

data base but ignored possible influences of extreme feed shortages
 

and changes in soil fertility and botanical composition on LWC. It
 

supported the field study by indicating a reduction in SR would
 

improve repeatability of production and reduce weeds; provided
 
come from a long-term
information 	that would otherwise have to 


grazing trial; suggested pasture stability in drought should be
 

studied; and indicated the grazing system is suitable for commercial
 

application.
 

Key words: 	 fine-stem stylo, Stylosanthes guianenais, beef cattle,
 

native pasture, simulation, growth index.
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12-3-4l 'Me por a pp ftS mi ri Are of Aust" ali a ~ i 

L-ichalk,M G.E R2,bardsE A 'Armstrong, and J, La cy 

N.S.W- Department of Agriculture, Australia b
 
ntie central areas Of New South Wales, Australia, the natura Itrsby nnual' species which during
cooler months producing 


pastures are dominated'ShepGrzigNaurl ases growi'Uin asssethe 
good quality grazing which is particularlyabundant during spring. Hodwever, these species 'mature rapidly in ~ 

late springsand provide puor quality ummer grazig, The four yearstudy reported was designied to examine the
!~ ' " r value of sawn lucerne0..."~e'i 
 .V'. ..
equivalent to one-third'of'tle' total. . . nI.. .area 'as aIsupplement to begrazed mainly, during 'late prn and summer.'' 

The' availability of lucerne forespring grazing by oes nd'lambs'w6Ws only 'of benefit, in'one year 
S 

when maturing grass seeds 
ware aanacadavreyaffected the growth rate of lambs anthle natural pastures, 

As supplementary grazing did not affect production per ewe, the 
vironme.nt can b-eCalculated onthle bads'is'of'th'e proportion of lucerneAavailable if'thle carrying capacity and productivity' are known for the 

>1two pasture 'types when grazed separately. For production per headto be increased it was concluded that a more intensive methodunitization of the supplmentary 
of 

grazing area is required but tha tSuch a system may not have practical relevance. 

Key words: lucerne, supplement, sheep, grznnaturalpatrs 
P ~~~~semiarid. gaig atrs 

' '4 1{ 

423 



4 

Veaotlo in thleSemi-Arid
 

Northeastern Thailand
 

nake Topark-Ngarm
4'S 

Khon Kaen University, Thailanld
 

cv. Verano was first introduced to
Stylosanthes h.. at.a 
the country where the

In the Northeastern part of 
Thailand in 1975. 


climate is marginal and the soils are low in fertility Verano Rppears
 

. to be one of the most suitable forage legumes 
used in pasture improve

met ero can be grown satisfactorily..n~most soils in the
ran, 

onupuhdaes
 

a Northeast. Oversowing the seed at 3.1l- g.ha the 
a density of 5-30 plants.m 2 while in cultivated 

land 

resulted'in 

of seed gavea 20-45 plant m . In a three-year experimant 
a' .same.amount 

seeding rates and cuttingintervals Verano 
outyielded


under different 
of S. humilis and S. guianenqis mire than
 three comnmercial cultivars 

and its 
Its dry matter yield averaged over 5 ton ha yr

~a two-fold, with natural weeds was highpermitting only 6-12% 
competitive ability Itof establishment. 1the first year
(by weight) in most plots after 

rates (2.5-.5 A.U. ha ' 
) 

ah 
other forage legumes .-- '. 

compared to 
 experi-

The highest seed yjjld recorded for Verano grown in 

a
of podded seeds while under normal . mental plots was 1,200 kg.ha 


practice tho.averag Verano commercial seed production in the North-"
 

900 kg.ha with at least 90% seed purity. .Heavy grazing 
east was no reduction 
could be imposed on Verano seed production plots with in 

seed yield providing grazing was terminated before soil moisture 

became limiting.
 
Verano has been affected by anthracnose disease 

(Colleto.
a. 

but the damage was not seri&'is. However,
trichum Rlaaeosprod 


of this species are being evaluated forl-higher yield 
new accessions 

am ta c .
agronomic characters. er n
and betterbteet r forage legume, establish-Key words Stylosanthes hamata cv. Verano, 

ment, seed production, anthracnose disease, 
accessions.
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14-1 Animal Production from Brazilian Tropical Pastures 

G. L. Rocha, V. B.CG. Alcantara, and P. B. Alcarntara
 
i Institut de Zooteonia, Brazil
 

This review deals with the potential of beef production fram

nitrogen (N)and legume-based pastures in Brazil The tropical

Brazilian climate has 
a wide range of variation, such as A and B
 
types with r and w regimes. C and D climates, including subtypes

d and s are met ini the NE of the country (Thornthwaite). Monsoonal
 
rains predominate nd temperatures below 150C are common in the
 
central-s4iuthern part.,V


Possibilities for improving the beet industry are very promiing

when based on grass-legume pastures. Beef production from N fertilized
 
pastures has been shown in Erazil since the sixties. 
 Heavy dressing

of N (200/kg/ha/year) produ&2d upto 700 kg liveweight (LW) 
gain,

using 44 to 	100 kg N/ha/year, average' was 488.4 kg/ha/year (mean

of 12 data). Leume-based pastures gave 
an average of 344.2 kg/ha/year"!'

of LWG (mean of 46 data). The annual; rainfall for 29 localities, out
 
of 37 mentioned, ranged from 
 2,017 to 750 mm, with an average of 1,367
 

--For-the-33- experiments- where-fer tilirze r iiifh
Prage

Of P205 (basal application) was 93.25 kg/ha, most of it 
as single

superphosphate. In the 37 citations K20was used 14 times (ay. 
49
 
kg/ha), limestone 10 times (1,700 kg/ha), molybdenum 4 times (0,25

kg/h-.9, and 	zinc once (8kg/ha). 
 Seven of the experimental areas have
 
thefollowing declivities: 2 places between 20 and 30%, 3 places b
 
tweenl4 and 19%, and 4 places with 10.5%. 
 Soils were poor, n gen

eral, 19 of them being from cerrado (savanna Like) experimental areas.
 

Grasses used belong to 
the genera Mlinis, Hyparrhenia, Panicum,

Cenchrus, Digitaria, Setaria, Brachiaria, and Pennisetum; and for
 
the legumes, Macroptilium, Centrosema, C1ycine, Stylosanthes,

Leucaena, Galactia, Calopogonium, Pueraria, and Cajanus.


Animals used were zebu cross, with dominance of Nelore breed;

in some few cases zebu X holstein steers were used. Results are
 
also presented for LWGs for she-goats, and ewes ofa local woolless
 
ecotype which are economically important for meat and hide in the
 
arid, semiarid Brazilian northeastern pastures.


Grazing .ystems varied from continuous set stock, and contin
uous put and take, to rotational set stock, and rotational put and
 
take. Stockingrates varied from 4.07 (Napier, 150N/ha/year) to
 
,2 head/ha/year (M.minutiflora, unimproved); average for 17 exper
iments was 1.7 head/-ha/yer. For some experiments stocking rates
 
were measured as A.U. (I animal unit 
- 400 kg liveweight).

High rainfall regime, and high level of basal phosphate used,

plus locally adapted grasses and legumes, explain the good LWGs
 
obtained.
 

Key words: 	 tropical grasses, tropical legumes, liveweight gains,
 
goats, sheep, cattle.
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--4-2. Herbage Production and Fodder Problems in Indi~a~~ 1 2 

S. C. Pandeya
 
Saurashtra University, India
 

The Indian mainland is comprised of 3 well-defined regions, 
the great mountain zone in the north, IndoGangetic Plainsnamely, 


and southern peninsula. Geologically, the Himalayas are sedimentary,
 
a great alluvial tract, the peninsula is
the Indo-Gan tic Plains are 


a region of rlative stability mostly consisting of metamorphic
 

hills, and Gondwanas. and basalt (Deccan trap) are overlain in Centrrl 

India. The climate of India is tropicalmonsoonic and seasonal. 

and physical features intergrade to provide aLatitudinal extent 

Generqll,_
variety of climates from extreme hot.arid to very humid. 

it isawell-drained country. *An agricultural census, just pleted, 

gives thle land utilization pattern, in millionha; agriculture, 164; 

forests, 65; non-agricultural use, 16; barron anduncultivable, 32 

pastures and grazing lands, 13; and cultivable waste and 
'permanent 


fallowlands, 32. 
, .rw.VPotential6~av~~age5.L/ha/yr which-isprimary-tilefigure#productivity-ahighest-r--.(ANP) in Indiaaboveground net for 

If we supductive semi-natural grazing land in a semi-arid tract. 


pose that only herbage is produced in the entire available geo

graphical area, the total herbage production will work out to 1,904
 

million t/yr. 
A normal animal unit consumes on an average 7 t/yr;
 

this figure multiplied by the 344 million live-stock in the country
 

gives a total need of herbage alone for the country of 2,40& million
 

t/yr. It is obvious, therefore, that there is an acute fodder
 

shortage in India.
 
In-the otherwise woodland country, the extensive semi-natural
 

of 77 million ha
grazing lands (or savannah), occupying a total area 


(inclusive of cultivable and uncultivable waste), owe their origin
 

to deforestation and cbandoned cultivation, and are maintained at
 

various successionl levels. Surmmer monsoon is the active growth
 

period. There are ni seeded pastures nor any practice of putting
 

livestock in paddocks. an the basis of dominance and apparent
 

similarity of physiognomy, the grazing lands can be classified into
 

6 main types varying in topography, life form and aboveground (ANP)
 

The potential production has
and belowground net production (BNP). 


been accurately predicted from simple climatic parameters and soil
 

Water in the arid zone, pattern of land utilization in
factqrs. 

semi-arid tract, and low nutrition of herbage in humid areas are the
 

key problems of the Indian grazing lands vis-a-vis the large low-


Beef is eaten b,t by a very small
milk-yielding cattle population. 

section of the society.
 

Key words: natural grazing lands, aboveground net production,
 

belowground net production, grazing land types, poten
tial fodder production, arid zone, semi-arid zone, mon

soon.
 

426
 

i 



12-4-3 Sown Crasslan ,1'.i nu Alt'r1u t. ive toCli ii Cul I Vit iil i l i I llimijd1 T -oliio ;
 
It. R. Chhtid~z, (. 
 bk liii~, >1. ,. M. SaIQ.'Ll:, :;: I. .A. *n'(W] 

I u Il'n I; 'r f ,l 

Agriculture based on existing forms of' shifting cultivation will
not be able to adequately support and feed the rapidly increasing
human population of low-land humid tropics of Africw. The forest andnatural fall.ows have shortened and even disappeared in some areasbecause of rising food demands. Crop yields are low fend 
continue to
decline. What then are 
the alternatives?
 
Using Cynodon as an example, an attempt is made
farming offers an alternative 

to nhow that mixed

whereby the nutrient status and physicalproperties of the soil can be maintained, erosion checl-Ed, wt'ede kept
under control and the build-up of 
pests and parasites r'inlmized or avoided.A synthesis of several years of intensive breeding und agronomicresearch at the University of Ibadan indicates:1. Availability of improved robust. nonrhizomatous iMon eriotypeswith an annual DM yield potential of around 15t/ha, adequate forproduction of 650kg/ha of liveweight gains by the local Zebu cattle

when grazed from April to December.
2. Annual nutrient mobilization of over 122,25,175,37 and 29kg/ha ofN,P,K,Ca and Mg respectively by Cynodon pastures. Around 20% of thenutrients mobilized are 
'puinped up' from soil layers below 30 c3.Possession by several Cynodon genotypes of high microbial population
in the rhizosphere capable of fixing varying quantities of N. I3X-7,an improved hybrid in able to fix upto 2 kg/ha of N per week.4.Significant increase in soil organic matter under temporary Cynolonpastures, replenishing a high proportion of the substantial lose
63% in OM under 10 

of 
years of continuous cultivation.

5. Improvement of soil physical properties under Cynodon pastures asmeasured by soil aggregate size and aggregate stability, bulk density,
and totil porosity.
 
6. Cynodon, when fully established, gives almost as 
much protection
against erosion as does forest with closed canopy. On a soil with 3%slope water runoff from Cyaodon plots was 5.3% of the total erosiverain of 155cm. Soil losses under pasture during the growing seasonwere less than 10% of those observed in maize and cowpea plots.7. Root exudates collected from several Cynodon improved genotypes
when placed with seeds of common tropical weed species inhibitgerminjtion or reduced seedling groth. Aqueous extracts of Cynodonroots show similar inhibitory effects. The inhibition factor

disappears after 27 to 45 hours of storage.
8. Resistance of o genotypes to the root knot nematodes
(Melcidogyne app.). Growing of Cynodon in highly infested soilsdecreased the roo, knot nematode population appreciably in six monthsand eliminated the nematodes completely within 18 months. Consequently
tomato 
yields increased by about 300 percent.


Hopefully some of these findings will benefit those engaged in
tropical farming systems research. 
Key woids: Cynodon, shifting cultivation, mixed agriculture, soil

physical & chemical properties, allelopathy, nitrogen
fixation in rhizosphere, pest control. 
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'2-4-4 Iniec t Pest:I of' Trpical lrare Plata 
in So uth Artlerjt-ia 

Mario 	Calderon C. 

Program, C.IAI, Colombia
Tropicail P.sturee 

are to make a
The objectives of this continuing research work 

on tropicalof the insect populations occurringgeneral survey and to identify the
forage plants in five countries in South America 

most important pests. 
pure stand plots 5 x 5 mwere

To real ie this invesLi pation, 
years 	using an D-Vac. Vacuum

sampled every 14 (lays durin q two 
Samlpier. 

The foilowing information was obtained:
 

and/or genera of insects in tropical

(a) ioes , important families 

t, rar 1eunos and grasses.
 
b) Insect qrcup frequency for each 
 season.
 

plant ecotype under study.

(c) In sec t group f-equency for each 
(d) Prel iminary data on insect preference. 

on forage
(e) Preli ninary da La on relationships between insects 

bacterial diseases.plants and viral fuonal and 
in South America.

f) riMost important pests of tropical 	 forage plants 


forage legumes include:
These 	 important pests of tropical 
sp .), 	 leaf-hoppers (Cicadellidae-scveralsteinhorer (Caloptilia 

beetles (Cr isomel idae-several genera)
(lenera) and leaif-eatin 

Lygaeidae) and sucking planthoppersChinchbups (PentatLomidae, 
as disease transmitters while

(Membracidao) are under investiqation 

seed-eat nq ieetles (Curculioniae) and hudworm (Stecjasta bosqueell a)
 

spit tlehug (7zuliia-- -ne-o-laia
"redLce seed production. In qrasses, 

';pp. ) causes serious damage and seed-feeding 1eafhoppers
and [eais 

(Ci cadldl lidae) reduce seed produc ion.
 

resarch has provided aind is continuing to provide
This on-goinq 

most important insect
valuahle and essential information about the 

pests 	 and beneficial 
pests, pests of secondary importance, potential 

forage plants in five different countries in
insects of tropical 

the first complete study of tie insect fauna 
South 	 America. This is 

herein lies its importance and
of tropical foraqe plants and 

sigrii ficance.
 

Key words: insect pests, tropical forage plants, South America. 
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12-4-5 SoTfle [niLiil 1 5;Ilt;of Fild Tlrials 

Conductcd in E;tab liilin a l a;itur, Sd Indus try
ill Co je dt- !: L t, V m :u +l 

E. T. A. 1h:in anid W. II.>tr: 
JR 1 ]R,, .; rch [lr't itllt, ' 111c ., Vf'lle llo]. 

In starting a pa.;cure seed industry on s farm located 
90
at 50'N latitude and which gets about bUO0 mm of rain
 

yearly followed by a severe dry season from mid-December
 
to April, 4 widely separated sites were selected to plant
 
3 grasses for commercial seed production in 1978. The
 
objectives 	were to assess the fertility status of the
 
soils, then determine the fertilizer requirements of the
 
grasses at 	each site, and establish an introduction
 
garden with 70 cultivars of grasses and ]e9u19 to study
 
their suitability for expanding seed production.
 

Based on the results of soil analyses, a modified
 
missing element technique was used to test the effects
 
of 7 plant nutrients in a field trial with 10 fertilizer
 
treatments 	in 4 randomised complete blocks at each of the
 
4 sites (2 	with Panlcum moximum cv. Colonial, and 1 each
 
with Brachiaria humidicola and Brachiaria decumbons).
 
A replicated factorial experiment tooting nitrogen (N)
 
and phosphorus (P) at 3 levols was also put down with
 
Colonial at one site. In the second year, 12 grassou
 
were planted in 4 randomised complete blocks to obtain
 
forage yields and observe their acceptance by cattle.
 

Although the soil tests indicated that several plant 
nutrients might limit seed production, the results of de 
fertilizer trials showed a highly significant response 
only to P treatment at all 4 sites, end a significant 
response to N treatment at only 1 site in the first year. 
In the second year, spittlebug (Aeneolamia reducta) first 
appeared in B. decumbens only, and in 1980 this pest 
attacked all the introduced grasses except Colonial; 
fortunately, commercial seed yields were riot seriously 
affected. B. humidicola though attacked by spittlebug 
recovered quickly, and is regarded as the most outstanding 
grass introduced so far, with the potential to 
ruvolutionio Venezuelan pasture development. Cultivars 
of Andropo.onq ayanus, Brachiaria brizantha, and 
Setaria Aceps appeared promising for future grass seed 
production, also certain cultivnrs of legume species, 
notably Laucoena laucocephala. 

It has been conclusivoly shown that P fertilization
 
is essential for pasture establishment and productivity;
 
other nutrients are also low in availability and are
 
being studied. Control of spittlebug is now necessary
 
to prevent its increase, and possible damage to grasses
 
before seeding. A great potential exists for forage
 
seed production that can immensely benefit pasture
 
improvement in Venezuela.
 

Key words: 	seed production, field trials, phosphorus,
 
spittlebug, Venezuela.
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the Thai Highland:Natural Grasslands in 
Limitations to Cattle Productivity 

12-5-1 

J. Lindsay Falvey 

University of Queensland, Australia 

Increasing cattle production in the highlands of northern
 

one part of improving ;he income of subsistence
Thailand is 


farmers and providing an alternative to opium production.
 

Imperata cylindrica (L.)Beauv. is the principle grassland
 

species in the region and is a major component of the diets of
 

Four studios were conducted which aimed to
 

determine factors limiting cattle production on native
 
highland cattle. 


grasslands.
 

The rate of dry matter production after the annual pre-wet
 

wildfires, the rate of regrowth after successive cuttings
 

and the nitrogen content, phosphorus content and in vitro
 

Dry matter
 

season 


digestibility of Imperata cylindrica were studied. 


production was slower than that 
recorded elsewhere in the
 

and in vitro digestibility were
 

longer period. Altitude probably
 
tropics, and nitrogen content 


correspondingly higher for a 


limited growth rates through lower temperatures and maintained
 

quality of Imperata above maintanance for at least four months.
 

ten
Fourty-one species grazed by cattle were identified and 


of the most commonly selected species at different times of the
 

year were analyzed for in vitro digestibility, nitrogen,
 

content. Levels for in vitro digestibility,
phosphorus 	and sodium 


nitrogen and phosphorus were low only during the dry season
 

while sodium levels were low throughout the year. Additional
 

research confirmed a sodium deficiency in cattle grazing these
 

pastures.
 

The nitrogen and phosphorus contents of the faeces of
 

cattle grazing native highland grasslands were determined for
 

150 samples. Both nitrogen and phosphorus levels were higher
 

than would be expected from animal productivity data thereby
 

confirming 	the action of other limiting nutrients.
 

utilized to determine
Oesophageally fistulated cattle were 


the quality of feen selected by free range cattle in the high

lands. In 	vitro digestibility and nitrogen analyses indicated
 

that pasture quality may limit productivity in the dry season.
 

Bite rate and size indicated that total intake of forage would
 

also be a limiting factor. Further data of faccal output
 

confirmed that feed intake was insufficient (1.3% of liveweight
 

and the hot dry season but not
 

during the 	cool dry season.
 
Per day) during the wet season 

Limitations to cattle production from native highland
 

grasland in Thailind are related to specific mineral
 

deficiencies including sodium, and to insufficient feed intake.
 

Key words: 	 Imperata cvlindrica, pasture quality, cattle mineral 

deficiency, feed intake, digestibility, Thailand. 
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12-5-2 Pasture Research and Development 
in tile IHighlands of Northern Thailand 

T. Gibson 
,Mekong CoOlm1i tee (ESCAP), Bangkok, Thai land 

The northern Thai highlands constitute the most accessible area ofthe "Golden Triangle" which produces mostThis of the World's illicit opium.paper summarises most of the improved pasture agronomic researchand development that has been undertaken In this area over the years1972-9. In addition the ecology of the grasslands is discussed.The objectives were to determine viable means of rehabilitatingImperata cvlindrica grasslands that result from opium growing and toassess the potential of beef cattle production on improved pastures bytribal inhabitants as a viable alternative to opium growing
The Program had three stages viz. basic agronomic research, establisiment of demonstration pastures in selected highland villages, anddevelopment of pflot extension projects.
fhe best adapted legumes were Desmodium intortum cv. greenleaf,1). uncinatum cv. '1iiverleaf, Macrotyloma axillare cv. archer. Theadapted grasses were Pantcum maximum cvv. hamil, green 

best 
panic, trichoglum; SetarLa anceps cvv. kazungula, nandi and Brachiaria decumbens.On most soils both phosphorus (P) and sulphur (S) fertilizersrequired werefor successful establishment of pastures. Research led tothe recommendation of applying the local sources of fertilizer atestablishment: IO0 kg P as rockphosphate + 20 kg S as gypsum/ha.Establishment of legumes Into grasslands was readily accomplishedby heavy grazing or slashing following a dry-season burn just beforeoversowing in early wet-season. A small breeding group of unsupplemented local cattle 
 (yellow Asian) on 1). intortum dominant pastures


produced an average 182 
 kg liveweightgain (LWG)/ha/yr overadult equivalents (Al)/ha with 4 yr at 2-3the breeders on the pasture (I AE=200kgliveweight). Legume pasture was persistent over this period althoughlegume plant densitV declined if seed set was not allowed for threeyears. An equivalent herd on unfe rtilized legume pasture averaged
86 kg LWG/ha/yr at I A'/ha; 
weed invasion was rapid in this pasture.
Legume pasture sifgnificantly Increased yields of following crops;grain yields of unfertilized maize were increased from 0.7 to 1.35 t/ha.Pilot extension projects of beef cattle on improved pastures coniduzted by tribal inhabitants were satisfactory so long 
 as credit andProject direction were provided.

It is su'gested that 
 a viable highland agricultural system forI. cvlindrica grasslands is ley farming (2 year pasture - 2 year uplandcrop rotation) integrated with beef cattle production and pasture seedcollection for export. For a 5 ha farm, total cash costs for a 6 yrproject are $1,850 and total returns $3,380. 'Fluemajqr cost is the

purchase of the herd. Abandoned opuni fields may Iw cheaply ithabilitated by oversowin g with legume and fertil izer.
Thiere haS been littl Ie adoption of Improved pastures followingtermination of te Project. It is suggested constraints to adoptioninclude: comparatively high cash expend iture required to establish anenterprise, lack of knowledge and skills In northern Thailand of establishment and management of improved pastures , traditional non-comnercial attitudes to livestock raising by tribal people and the continuing

ease and profitability of opium growing.
Key words: pioneer pasture research; Thal- Highlands; cattle; ley farming. 
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12-5 -4 A Promising Technique for Improving Steep
 
Infertile Natural PastL"res
 

A. B. P. Jayawardana
 
Division of Pastures and Fodder Crops


Veterinary Research, Institute, Sri Lanka
 

Over 15,000 	 hectares of rolling terrain in the intermediate
 
rainfall (1700 mm) lower montane zone (1500'm) of Sri Lanka, 
comprising infertile natural grassland known as 
"dry patanas," have
 
been recommended for development into pastures. Two approaches havebeen previously tried but both have their limitations; therefore, an 
alternative technique is needed.
 

The objectives of this experiment were to1determine whether an
 
economically feasible, minimum tillage techniq-ue could be devised

and to select tropical pasture 
 legumes which could be established 
and managed for soil amelioration, during the development phase.


One ha of representative hillside with a 400 
gradient was di
vided into 3 blocks.' Contour bench 
terraces.were constructed, alter
nating with strips, of.ha tura lgrass .-. ,A-0-8-1correc tive fertilizer--- -=.mixture was banded at'the rate of 180 kg/ha',and legume seed dibbled

along the angle formed by the terrace and' embankment, under the protection of the natural grass canopy. In October 1976, terraces were . 
sown with each of the following legumes: greenleaf desmodium
 
(Desmodium intortum), silverleaf desmodium (Desmodium ucinatum),'

SratroMa -roptiiumatropurpureum), Hamata stylo (St 
losanthes
 
hamata), 'Endeavour and Cook yloTStylosanthas guianensis) cultivars.
 

All seedlings established well and had good nodulation.+ At 6
months the plant height, length of tap root and laterals (x - SD)

of greenleaf desmodium were 37 1.32, 05 0.51, and,30 ± 1.25 cm,

respectively. Nodulation was good with 15 + 1.26 ;large healthy

nodules per plant. Stylosanthes species attained a height of
 
15 1 1.26 cm. 
After 1 year, greenleaf desmodium showed the best

growth, having almost 100% ground cover canopy in the terraces, with
 
a good build-up of leaf litter and yielding one seed crop. The
 
Stylosranthes species as 
a whole developed at a slower rate and had
 
a 75% ground cover. Silverleaf desmodium and Siratro made only sparse

growth. 
 Both greenleaf desmodium and Stylosanthes species withstood
 
the 4-month dry period and dessicating winds. They also invaded the
 
grass strips on higher ground. From the third year onward the pas
tures were regularly utilized, by harvesting'twice, grazing once by

sheep, and by taking one seed crop per annum. Dry matter yields

(R ± SD kg/ha/an) were: greenleaf desmodium 2,551 t 30, llamata
 
stylo 2,238 + 27, Endeavour and Cook stylo 2,125 
- 28. 'The phospho
rous, potassium, organic matter and 
soil pHlvalues increased from
+05 02,to 64 -04 (avail. P205 kg/ha)_ 0.05 t .09 to+ 0.41 - .08

(exch. K me/100g) 1.86 01 to 2.972+-.09 (OM%) and 4.8 + .3 to
 
5.6 t .2 (1:1 pHl),respectively.

It 
is concluded that greenleaf desmodium and Stylosanthes species

can be successfully established in a difficult environment. 
These

legumes build up soil fertility and also improve the feeding value of
 
natural grassland. This technique seems 
to be more advantageous and

economical than previous methods and 
could be adopted for improving

the animal industry in this region.
 

Key words: 	 soil amelioration, erosion, natural grass canopy,
 
Desmodium stylosanthes.
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of Forages in 
the Iighillands o (of;' to mala 

12-5-5 IntLro(ici on and :Manaoir,-rnt 

I. (;. v: dhr h,r 
,Roterch, ]h,'NtherlandsCen er for 	Agrobjo logical 

The Guatemalan Highlands comprise about 2 million ha of land 

between 1500 and 3600 m elevation. Mean annual rainfall ranges from 

800 to 1500 1rn and occurs in most of the area between early May and 

maximum temperature varies from lessNovember. The average monthly 
of the

than 150 C to about 280 C, depending on altitude and time 

year. Night-frosts occur in the dry season and are severe in the 

land is owned by Indian small-holdershigher valleys. Most of the 
who grow principally corn, wheat and potatoes. Large numbers of 

often communal,cattle, sheep and goats are herded in the vast, 
and on roadsides, fallow land andnatural grasslands and forests 

because of 	poor nutrition crop residues. An; :al production is low 
causes serious deterioration of theand management; overgrazing 

soil erosion. The objective of
natural vegetation antd accelerated 
this research was to introduce productive forages into the different 

out be
ecological 	 areas of the Highlands. The research was carried 

under 2 pasture and livestock development pro
tween 1970 	and 1971 
jects executed by the Guatemalan Ministry of Agriculture witii assist-

Food and Agriculture Organization o" tile United Nations. 
ance of the 

the adaptation and productivity of a large numberEvaluation 	of 
as follows: Smali screening experforage species was carried out
of 

to observe the perforiance of tire species in

iments were established 

Some replicated experiments were carried
different ecological areas. 

out to estimate production and quality of promising species arid to
 

compare varieties, fertilization levels and cutting frequencies.
 

best yielding forages were sown onlexperimental farms and stud-
The 
ied under farm management.
 

grasses in tire lower
Subtropical grasses outyielded temperate 


areas and the reverse occurred above 
 2200 in. Pure stands of grass 

yield without applied nitroqen (N) and responded highly
gave a poor 

inoculation 	of the
 
to N-fertilization. On acid soils liming and 


Alfalfa (Medicagorequired for establishment of legumes. 
- 18.000 .g/ha 

seeds were 

sativa L.) gave annual dry matter yields of 12.000 


on good soils (without irrigation) up to 2600 inelevation. With
 

even 
higher yields were obtained with
 irrigation 	in the dry season, 


of Italian ryegrass (Lolium multiflorum Lam.) and white 
mixtures 


were orchardw-

clover (Tri foliuM rnopeTonsL.). rer proislng species

tall fescue (Festuca arundinaceagrass (hactyT-s-lomerata L.), 
Schreb. ,-7-clover--T- fol ium pratense L . ) -st rranean clover 

i-stence of uni rrigated pastures
(Tri fol ium 	subterraneuknT_.).7Te pers 


heavy night-frosts and
 
w-a'sir5iFtoT-5i-s-ufcient in areas with 


soils with a low moisture-holding capacity.
 

It was demonstrated that 
several introduced forage species 

of good forage in the Guatemalan Highlands.produce high yields 
They can be used to improve animal production and to reduce grazing 

pressure on the natural vegetation. 

Key words: 	tropical highlands, Guatemala, forage introduction,
 

forage yield, Medicao sativa L., Loliuii multiflorum Lam.,
 

Trifolium repens I_
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~ 126<1Potential of Aeschynomene Species 
for Pastures in the Tropics
 

A. E. Kretschmer, Jr,, and G. 1, Snyder

University of Florida, U,SA
 

The objectives of this study were: to assess the forage
potential of readily available world germplasm of the genus,
Aeschynomene, which comprises. 160 species, to compare some atn
butes of the- commercial American jointvetch (Ae 
 americana. 
L.) with those of- other accessions of the same, and other species,
and to compare the seasonal growth pattern and 	response to
phosphorus (P) of commercial jointvetch with two perennial tropical
legumes. 

Evaluations were made of '342 accessions including 25 Identified~species. Data collected from observational plots in 1978 and 1980included initial flowering dates, plant vigor and growth habit; fromreplicated plots, plant populations and vigor; and from selected
 
accessions, 	yield, nitrogen, and digestibility. Comparison of
yields~ia2O0and-60 kg/ha.of -P(20O00 -kg/ha-of ime) 
was-made-between
jointvetch and Sinatro (Macroptilium atrurpure U'Orb-)
and
 
'Florida' carpon desmodium (Desmodium heterocarpon L.).
 

-
 Amajority of A. americana accessions flowered afterl October

and height distribution from less than 51 cm 
(18 accessions) to
 greater than 152cm. 
Thus it should be possible to select a later
 
flowering and more leafy plant than the commercial jointvetch.

A. villosa, similar to but with shorter stems than A. americana,

appeared to have potential for grazing. A. denticuata, A. falcata,

A. elegans, 	A. evenia, A. fluitans, and A. paniculata warrant
 
further study, although establishment and persistence when grown

with Digitaria decumbens Stent. was 
not always good.


In June crude protein content of commercial jointvetch (18.8%)
 
was highest and digestibility among the best (52.1%) when compared

with other accessions. 
These values ranged from 10.6 to 18.8% and
 
36.8 	to 63.8%, respectively, among the accessions analyzed.


Establishment year production of commercial jointvetch was

better than Siratro and carpon desmodium, but was much less in

June the subsequent year. 
Yield response of jointvetch to 60 kg/ha

of P was 
greater than that for carpon desmodium when compared with
 
20 kg/ha.
 

Key words: 	 Aeschynomene, jointvetch, evaluation, yi,id, growth
 
habit, flowering dates, quality.
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'12-6-3 
 Effect of Maturity of Four Cultivars of Pennisetum
 
purpureum Schum on Production and Nutritive Value
 

D. A. Conpelez
Faculty of Veterinary Medicine and Zootechny, UNESP, Brazil 

Two cultivars, Vruckwona and Cameroun from Zaire, Africa, were
 
comparatively studied with 2 cultivars, Mineiro and Taiwan A-144,
 
for quantitativye and qualitative aspects in Botucato (latitude 220
 
52' S, longitude 48027' N, altitude 810 m)>,Sao Paulo, Brazil. The
 
climate is tropical and humid, During the experiment the minimum and
 
maximum average air temperatures were 16.80 and 26.80 C, respectively,

with 1,372.6 mm rainfall. The soil is aluvial. The experimental area
 
was maintained under optimum fertilizatioi. After the uniformity of
 
the stand, 4 cuts were made at 45-days intervals at 2 heights, 0.20
 
and 0.40'm. At tine of cutting dry matter (DM) and crude protein (CP)
 
were determined for each cultivar. 
The levels of ether extract (EE),

crude fiber (CF), ash (A) and nitrogen free extract (NFE) for each cut
 
LarIned,.2as nwell-aaoa s..thecomponentso f,. -.
th ce lular..wa 

Photocolorimetric methods were used for determination of phosphorus

(P) levels and atomic absorption spectrophotometric methods were used
 
for Ca, Mg,K, Fe, Zn, Cu, and Mn determinations. In vitro digesti
bilities were also determined. There were no significant differences
 
in DM and CP productions among cultivars though production averaged

higher for Taiwan A-144, the average being DM=17,272.3 kg/ha and
 
CPl1,610.22 kg/ha. 'Significant differences (P<.0l) were observed for
 
cut and height effects. There were no significant differences among

cultivars in DM, CP, EE, CF, A and NFE levels. 
 However, the Mineiro
 
CP level was higher than the others 
(11.66%) as 	was the Taiwan.A-144
 
CF level.(35.36%). There were significant effects 
(P<.61) among cuts
 
for all characteristics considered and between heights of cuts there
 

re significant differences in DM (P<.0l) and EE and CF (P<.05). 
 The
 
difference between cultivars was not significant for neutral detergent

fiber, cellular content, acid detergent fiber, cellulose, hemicellulose,
 
lignin or silica. Cameroun and Taiwan A-144 had higher levels of cel
lular content (33.52%) and cellulose (34.56%). There was a signif
 
cant difference (P<.;0l) 
among cultivars in in vitro DM, digestibility

being higher for Cameroun (45.85%). There was a significant difference
 
among 
cuts (P<.01) but not for heights. Among cultivars there were
 
significant differences in P, Zn, Cu and Mn (P<.Ol) and Fe (P<.05)

levels but not for K, Ca and Mg. Among cuts 
there were significant

differences (P<.Ol) in levels of all the minerals while between heights

the differences in P and Fe levels were significant (P<.01).
 

Key words: 	 pennisetum, cutting frequency, cutting height, composition,
 
digestibility.
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(To 1,1ui and 0. C. RueLkeK. II. Qule s lb cry, W . gh, 
ni ver: i ty 1,f lii'id i, 1... 

et C. E. Aihh),l iipograss, (linaurthl2'i5 !i) issm, (l'airl Stapf 
has bee, evaluated ror use 

intrwdCCd into the l1nited .ta"Tl In 19o.1, 

Under conditions it has shown yield po
as a pastlirin 1,r . Floridai 

tential equal to or ireater than Other t'opictal pasture grasses and 

oltelI has gre;litel" Cool season yields than heriudagrass (CVIIodon 

actVlo'I I,.Or diigitgras h elIiiria decumbens Stent.). 'll cultivar' 

organic i -tItc idiestion ( IV,IlD) than
'-ligsIt ' has hilher in vtLi 
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other tropical grassesaat coiiparable growth 

a three clones, but addition:il genoty'peS
o11 illipogL' iinvolved oll! 
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wCre co le t cd and i nTrodlIICd dulri l' the late 1901' s and 
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to api dl y evaluate the avaiIlabe geriplasin
tI wereOlar c i yes 
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frcqieiicV. 
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12-6-5 Growth Curve and Nutritive Value of 

Forage Sorghum in the Tropics 

E. 	 A. Pizarro, L,. C. lise, and R. R. Vera 
University of .Minas (;eralis irazil 

A field trial located in tin region of tilt! "cerrados" of Brazil, 
was carried out to study the growth curve and nutritive value of 
forage sorghmi under tropical con, it ions. A commerc ial-type planting
of Sorghum hicolor cv. BR oil) was used. lh crop was sampled at
 
intervals of 14 days, ibcginning at days age, and until 238
61 of days,
well into til dry 5Saoll. Teli growth Culrve was fitted with a second
 
degree polynlomi al; a maximum vi, ld of 17 Los ha I Wa,,; 


-
d.m. attaned 

between 140 and 150 da,'; of age, followed by a diecrease 111e to physi
cal losses of plant eorpolne-ilts, lDry mattL, pe-rcent increased illi
tially, 1nd it M;ached about days;
r I) at 120 tilera ft. r, it remaine1 
110.l r y COlistan t,lti tile ct1d of tie exp.r1itmet . Fractionation of 
plantsi ilto thi r conlpollnllLt sili owed that Witih i ncoasing

' 	
maturity 

tiler, waS (i alke lodIss of g ren le"av!;, wh icI decreased 'rom 58 
at- (3 days to U at '11si ling tiie. SItLIS p1us sheatIhS itic reasei 
with advancing age from an ilitial 43", anld platcaud at 702 It about 

l08 days. lh, maximum contributionl of heads was 20)', with a ratio 
of grai11:1a1(pis of Crude ill crop::I. protein the decreased with 
ilncrcl'ii ;,' ltil I ilay;, afterl,, 12I which it stabilized in 3-42. 
(11'011 ldav, h,.Ids 1.5 C'111 ca wre tilnes ligler ill timi stemts. The 
ill vitro 1ry mlatt r dligestibil ity of tile crop decreased inlitIally 
from 68' at i days;, to about (I at 108 days, followeod by a suddenl 
rise to 71" at. 1:'3 ,;lys of age, which coincided with maximum accu-
Rult tioll of ll-.trllctIlraI c:lrbo .liIill'; alii a high colteIt of Ieads.
 
lierteafteor, t.h Irop inl 
 dig,,st ibility avoraged 0.25 units/day, in
L1h' p " iod o f I ?) t o :,1i i dI, oa gt . *,
 

It wa S 11ticI,] [ll t 111 ll,1111,1r
collC t 1-)or) 11,I tropical conditions 
ha s a Iigih yielId po tct t:i aI a is r,,lativ Ilv good quality, at-Lthough i_,L pro-0te in11 COn1t,'[It 11 Vy I)c , ,iI k LISlIy lim iti ng. 

Key words: forag, sor'ium, .orihuul bicolor (L. ) Mlonch, yield, 
crud. proteill, dige-st ibi1 ty, components ratio. 
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1'3-1-1'i~ Techno-economic Analy'sis for Rangelanda 

iDevelopment in Arid to Semi-arid Regions of Western India' 

,, 11,K, Jainaaa " ' 


District'Planning Cell, Jodhpur, India 
a a *'* 

Western India, in general, is an arid to semi-arid region. It 
. a

almost a flat sandy country constituting the Great Indian Desert 


with an area of about 29.5 million ha, human population over 10 nil

lion and livestock population 	 a
over 14 million. In this tract much, 
ts

the economy depends upon animal husbandry. Cattle,. sheep, go
of 

and camels largely constitute the livestock population. Regular
 

paddocks are not .maintained'in this country and livestock is per-

The grazinglands .


mitted to graze indiscriminately on open lands. 


are low in botlicarrying capacity and' nutritive value. Over

has'notionly decreased their productivity, but is con~~iexploitation Large,fertility and soil erosion,
tinuously bringing about loss, of 	 mm su er 
scale migration of livestock takes place' every year, during 

of the~ total desert area is utilized' for crop culture;' 17.7 million 
put

Il'ha of land is lying as barren, uncultLivable degraded land which is 


to open gra About 60% 
of such land is private land and is in
 

possession of farmers.'
 
is the preservation of
An important need in 	 the desert areas 

Thus to support increasing livestock popuorganic matter for soil. 

and to. improve the degraded lands, development of rangelandslation 

Mini
on large areas including private lands needs to be promoted. 


' mum size of the plot to be developed into pasture on private land
 

an economically viable
should be so decided 	that it can serve as 

unit.
 
Pasture development operations include protection of the plot
 

through fencing, adoption of soil-and water-conservation measures,
 

land preparation, fertilization, rodent-control measures, intro

duction of nutritive and palatable grasses liko Oenchrus ciliaris
 

:,and.Lasiurus sindicus, and the selection of a proper grazing system.
 

'' 
In this region it has beenobserved that the berbaga production of
 

0.4 m ton/ha per year in degraded lands can be increqsed to 3.0 to
 
Gen3.5 m ton/ha/year its full development into rargeland. 2 to3 a


erally the development of rangeland on degraded soils takes 	
'a 


area of rangeland is
 years time-period. Carrying capacity of 2 ha 

two adult cows oi buffaloes
two adult animal units equivalent to 


or 16 adult sheep. Economic analysis has shown that the develop
an economically viable
 ment of pasture on 2 ha land would serve as 


two cow or with
unit, Benefit-cost ratios for such a plot with 


sixteen sheep have been estimated to be 1.992 and 1,953, respec
come out


tively. Respective values of internal rate of returns have 

to be 104% and 53%. Therefore, development of pastures on degraded' 

serve in the economic upliftment of the " 
private lands will not only 


farmers but the 'process of desertification can also be controlled.
 

a
 
Key words: rangeland, arid, semi-arid, livestock, carrying capacity, 


benefit-cost ratio, internal rate of return, desertification.
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-L-2 Brush Rhing' 
North (oast 

'lnai,,mlt 
oi CLiiof

on the 
rnia 

University of 

i,I I i m 
('aI itorn i 

11. hrook!;, 
c s perittL iV 

III 
fxtension, U .S.A. 

INTRODUCTION: A brushland management program to transfer grassland 
research findings to ranch and range practices and reverse a 25-year 
trend toward decadent brushfields was initiated seven years ago. It 
involved the cooperation and coordination of many private land owners 
and 10 different government organiz-itions. 

The Brushland Improvement Program is based upon long-range multi
use researchldone by the University of California on effects of brush 
management on soil , water, ground cover, livestock, and wildlife. It 
involved research using remote sensing techniques and its application 
in developing brushiand vegetation management plans. 
OBJECTIVI:S: This project to manage brushlands involves fuel modi
fication to improve the quality ;nd qiantity of forage and habitat 
for domestic animals and wildl ife. It will decrease the hazard of 
disastrous; wildfires and can protect fora ;t products by reduction of 
fuel and brush. This program will reduce erosion by converting to 
gra;s and increasing grass cover on brushlands. The reduction of 
brush and lhardwood cover Increases water production, improving con
ditions for wildlife and fish. The program improves the economic 
status of the ranich units Involved. It provides for maximum public 
benefits from the land and its resources including recreation. 
PROCt)I'RES: ;;1."iss ;is this range resource program iqirjed th, 

active supprt of the Mendocino County Board of Supervisors and the 
Califcrnia State legislature. Legislatinn was passed to establish 
this program as one of two pilot areas in California to demonstrate 
brush management. It also involves coordinated resource plans be
tween private land;, pub Ic lands, and land managers to provide for 
comprehensive mult iple land uses of range resources to benefit all 
resource users. 

on the initial 200,000-bee tare pilot area a fuel break system was 
developd us, grasslands, cover, and topography.ing natural vegetation 
Ful nodification plans were developed. An atlas of maps and map 
overlay; were provided private and public land owners including maps 
of geology, s;lls, vegetatlon, species composition, property lines, 
Slope and aspect. This atlas was the basis for helping each land
o-ner or manager develop Individual vegetation management plans. 
RESULTS: This program ha;s resulted In developing intensive long-term 
range and vegetation management plans. Where soil and slope permit, 
brushland has been converted to grassland. Decadent brushlands have 
ieen treated to develop uneven age stands of brush and increase the 
annual grass component. l!ardwood stands ilave been thinned to release 
the gras;, and the brush piles provided wildlife cover. Major fuel 
breaks are being developed clearing brush and seeding grass. 

This program brought together all resource users In regular meet
ings which helped to resolve many land use problelas and allowed 
programs to develop without the harrier of property lines. 
CON:CLUSIONS: This project Is a demonstration of t' best management 
practices for brusldand management. It will provit . leadership 
for regional and large scale brush management for tue future in 
Cali fornia. 
K-', w i,-h;:!ri;hl.iid im:prov,. s , rm ,i ,t ; ;ng , flo break 

;uii/;t,:,I pl,' ]an,!' t(is , 

a!, 



1l3-1-3 4v Usng Fire to Improve Miied Prair~ie--

SNew Mexico State University, U.S .A.
 

~Use of prescribed burning strictly for tilepurpose of improving'
~thequality of forage for~grazing purposes has been, limited on 

-' 

then
Smixed prairie of% north central 'Texas. ,An.,important 'reasons for~thi's 
:%is,'the lack of- understanding of thle Idynamics of mixed Iprairie and~ 

isinteraction with~fire. -The objective~of this study was to evalu
~ate plant successional changes and animal responses following a<
 

controlled burn:,near~ Vernon, Texas. ~~ The burn was conducted in mid March.1976, on approximately 100ha 
fof mixed,'prairie raneland. Sideoats grama CBouteloua curiedula), 

a w1arm season grass,,and.Texas wintergrass (Stip leucothrica), aY 
col es~-r -eeiprtntm gra sses,-whereas6 buffalo-gra s----q] s 
(Buchloce dac'tvloides) ws the domin-ant short grass, Annual broom
wdeed,(Xanthocepau ___________,, a periodic invader on the mixed 
pr re Wspriual dense, ranging%from 80 to 90 percent canopy 

'cve.%n 195', Drn h winter of 1975-76- the 45 to 63 cm tally
dedstndn brow ,salswr oe to cause eye irritation in 
catie-ndhm ,r'rzn.Mtr 
 rowe a ess in an area, 
~ing litter-. The fire ws started at about 9:30 a. m after first,
providing a 50m backfire. buffer-strip along the margin of~the pasture 
away from the prevailing winds. The fuel load was about 1130 kg/ha.


Air' temperature was about 22 degrees, relative humidity 35 percent,

and winds ~abrisk 15-20 km/hr from tile south. Soil moisture readings

taken prior to and after the burn showed little difference, indicating

the fire was relatively "fast" 'and <"cool." 

Two months after burning the~ yield 'of grasses and forbs was
 
slightly higher on a site not burned'(1774 kg/ha), compared to the
 

Sadjacent burned area (1504 kg/ia).. However, production of perennial 
grasses most preferred for grazing purposes' was higher on the area 
burned. The composition and-frequency of major grass species was 
comparable on the two areas indicating that the fire did not eliminate 

i' ,any key species. Production of desirable perennial grasses one and 
two years, after burning was 59 and 80 .percent greater on the burned
 
versus the nonburned area. Japanese brome (IBromus Japonicus) and
 
other cool season annual grasses were virtually eliminated for 3,

years'after thle-burn. total yield
The third year after the fire was
 
significantby higher on tile burned area (2103 kg/ha) compared to 
the nonburned -area (1555. kg/ha).' Observations taken on cattle 

-grazing patterns indica'ted .a strong preference for grasses in the 
burned are'a.' Three times more forage was removed and twice as many

~7 plants' were grazed '2 and 3 -years asfter the fire. 

~The controlled fire in this experiment showed-3 major benefits,
(1)-improved production and -composition of 'desirable 'forage species;

(2) removal of mature annual broomweed and control of th'eundesirable
 
annual grass, Japanese brome; and- (3) improved palatability and
 
quality of forage for grazing purposes. The major drawback to burn
ing was the loss in fora6e supply for at least one growing season.
 
However, this study indicated thle loss was regained after one year.
 

Key words: fire, mixed prairie, production, grazing patterns.
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13-i-4 Aoward Operational lllior_, Sensing Information

for Tw )ilffri'un l"',o;rUser 

'-!. 1:. :111', .1. (!. I r~a d 

'e:xas,; A ,I niv,,r> ty, PI.S.A. 

The ObaJeCt 1',:of tjlJS pr'oiject ,s to itdLch d riumiber of potentialSatell ite based 
reoul.e sensing resource i'latedU data products to theappropriate user c ,sses aevelup the specific products for that. userclass ard then furnish Lre product to the user fur evaluat ion and 
further product retinumenrt-

A group cf putLunLia users Of satellite based data, includingtechnical groups (S0iI torserva L i O Service, etc. ), ranchers, andfarm news a, were deli f iedlidlid )y the proje(ct sta ff. A representa-Livl rutop of each user class was sasIp 1ed hy i di 1rest iorlirra r11sJersonlr I uiry i's L preseIt data 
Or" 

soturces, methods of rira i riguCiSios ald utility of present data. The resporldenlts were asked toral lililu itmLenuil infurrrnton types. bemugrdphic data were
JMtuiled to idellitify the jriup. ResulIts from responses corrcernilny
the iieiru of poteirtiaI new data were used to select the information 
prodctjts to be uxiperilrierntal ly p"duced, adn for Wh1i11.
 

lhe exper'ifiienal data 
 users selected for the product test,
Several l iCille si (irOIe 

were 
i di0il exire
ftllitrit s ,AJriculturd'u l Xtelslosi n:,erv (:e ( Ai:x) a l 1 Stale dlnd( 1ii StrdLt jon ae(r:y WhiCh i 

' 

CIIdrq l wLh tle wise dillistraL il of 2. 1 it liii acres of SAtM 
property ]2iSelseto ],_'(leoo 

"lre rancher questionlaire results indica;ted iLt new sate]]itewi1sed d(t-i are es ireid O1 LW relaLiVe scAles. One scale is regionaland de ls twith ;iurket inid-type ini iLiorn.ri, rhe other scale is ranch 
rrietLed and deels With
tOr-ra'acIh decisiorlns.
 

For tIre initial teSt 
 olefrt Only regioial Scale ddLd were yerreraILeir. (i2v!ralI dad rodiicLs were produced and sent tio selected
ralIcher' for eva i rlt ion, i I iIin i j1l i(j irH reeri ve get dL i o over aYi 1e n 


i el jeriod ini the yrorwirig 
 sea s o , arnd rainfaldI(Ii t tirrb for
the s'rloperioud. 1a richers 
 were asked to iiAke cuu aserits to detail 
, foi r; at, and underst,idau iIiLy of the idata products. Approx iiraly ;I,' of Lfe respondenits indicited Lhaftthe 
data liroiducts wol d


be uefUl wii Vdiidble On an operatiUndl iJeis.
i 

Fire iflivioUiii ranch ;nodiicL 
 Lest is presently urderway with tiheIhelp of i;,,. iLta prodicts to be furnished these rrnches are green

veueLti U dlIolit arid distribut iorr withir ald be,tweeri managelmrelt
uUn1L reriod Icl y trrourhot te growirig season. 

SaLelie asoo resource itfrlmatiuoito is useful to two differentus0" clsses l tiLeStale of Fexa s. It has been successfully tested 
iiy oulb Lr technical and lay co uini ties. 

[Iis project outlIired an inlteractive method of evaluating iewd fur the resource. an.ager. Nut a! I remute sens irig products areUSUI to Lrch Mairager, threfure, his neeris ard wdits rust be retr111d iflCriorpiator into te prucess. With only linror local rle(difica-
Lion, ti MI.eractive dipuroach is al)licable anywhere in the world.

Tie resunt project is Lie first "near real time" Lest of opera
tionoal 
resoLe seliSiflj data for lsour"ce managers.r 

Key Woruds: reInuct s1ens ir g, r'ou1)1lrce malnalgenen L 
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Grazed Dryland Pasture 
13-1-5 Optimiiziig the Use of 

in Western Oregon 

T. E . Bodell 

Oregon State University, U.S.A. 

When properly fertilized, western Oregon 
dryland pastures of
 

perennial ryegrass, tall
 
subterranean clover with grasses such as 


fescue, and resident annuals produce total 
annual dry matter yields
 

Some sites are capable of over 9000 kg/ha.
averaging 6500 kg/ha. 
 highly seasonal
forage is complicated by its 

Optimum use of this 


the total growth occurs from late April

availabllity. Over 50 of 


takes place during autumn-early winter
 to mid-June. Only about 10, 

livestock
Research shows 


and virtually none occurs during summer. 

to over 700 kg/ha can be expected depending
weight gains from 300 


use. Yearling cattle make
 
upon pasture mixture and kind of grazing 


season
 
use of rapid spring growth. As grazing


the most efficient 

total animal production declines both because nutritive
 lengthens, 
 the


forage must be present for use during

value declines and old 


summer dry and fall-winter wet periods.
 
(1) sheep


Four major livestock production programs exist: 


cows calved in autumn, (3) 
cows calved in
 
(winter lambing), (2) beef 


Hay cut from excess
 (4) purchased calves/yearlings.
spring, and 
 in some coastal
 
-Dring growth is usually fed during winter except 


sit.,ations where appreciable winter plant 
growth occurs.
 

By utilizing known characteristics of forage production and
 

were developed. Yearlings

animal requirements, forage demand curves 


late June make nighest weight
6-7.5/ha from mid-March to
stocked at 

per unit area as compared to cows/calves and ewes/lambs.

gains 
or 730 kg/ha is possible on
100 kg/head
Animal performance of about 


Shorter duration of
 fescue in the Willamette Valley.
subclover-tall 

forage quality with clover-ryegrass yields aboit 560 kg/ha.

adequate 
10 ewes/ha but few operators
capable of sustaining
Pastures are 

lamb per hectare on clover-ryegrass


stock that heavily. Production of 

on clover

similar to that by yearling steers; but 

pastures can be 


it will be less.
 
or clover and other coarse grass,
tall fescue 
 as
tall fescue as well 


Sheep do not consume coarse grasses such 
as 


Cattle.
 
from cows calved in spring is the modal 

form
 
Calf production 


of beef operation. But, autumn-born calves and their dams make
 

more use of spring forage than spring cow-calf pairs. From 27 to
 

kg more weaning weight can be expected. Wintering costs for this
 
45 

estimated $1O-35/head more. From a
 
autumn cow-calf pair are an 


and lambs with either
 
comprehensive management standpoint, ewes 
 to yield
autumn-calved cows appear 
some purchased yearling cattle or 


the most product from dryland clover/grass 
pastures.
 

Key words: grazing, dryland pasture, Oregon.
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S13-2-1 
 Pasture Demonstrations for Beef:

Agronomic Considerations 

Neal P. Martin, Paul R. flasbargen, Raymond L.Arthaud 
, and Gerald J. Sullivan 
University of Minnesota, U.S.A.. 

Beef cattle supplyya major portion of the income for northern 
Minnesota, but the major resource supporting this enterprise, forage,

.> was vastly under utilized. A Five-year on-the-form demonstration 
uas conducted by the Agricultural Extension Service, University 
or Minnesota and the Upper Great Lake Regional Commission to improve 
incomein northern Minnesota by improving operations of the befa 
enterprise. 

permanent grass pasture comprised predominandly of Kentucky bluegrass 
(Poa Pratensis L.), "system A," on each-of six ranches. Improved 2 

sysatems included use of a cool-season grass Fertilized with 138 
kg N/ha for spring and fall grazing and either birdafoot trefoil 
(Lotus corniculatus L.) orCa legume-grass mixture alfalFa, (Medicago
 
sativa L.), red clover (Trifolium pratensis L.), smooth bromegrass
 

(rmsinermis Leyss.)77 6rardgra..s7acvlis qlornerata L.)] 
for summer grazing. Both grass and improved legume or legume
grass pastures. were rotationally grazed, and excess forage was liar-< 
vested for hay. "System B"1involved use of,6 ho of birdsfoot tre
foil and 8 ha of Fertilized grass. "System C"I.contained 9.6 ha 
of legume-grass and 6.0 ha of fertilized grass. A fourth system, 
"AA," had Kentucky bluegrass Fertilized once a year with 55 kg N/ha. 
All pasture systems carried 25 to 30 animal units (AU) and we used 

cows and calves, except in one case, lightweight yearlings, to measuire 
productivity. 

The introduced cool-season grass species, smooth bromegrass, 
yielded more AUM/ha than did the native Kentucky bluegrass when 
both received the same amount of N fertilizer. Legumes provided
 
pasture during 70 to 90 days of the grazing seasons (100 to 132 

V. 	 days). Harvesting of excess forage improved its utilization, but 
if the excess was not harvested early, sufficient fall pasture was 
limited.
 

Animal liveweight gains/)~a increased from the use of improved 
pasture management systems on a!.' six ranches. Gain increases
 
ranged from 182 to 480% from the best system compared to system
 
A. 	When extra harvested forage was converted to extra calf gain,
 
at least two ranches produced more calf gain/ha (96 to 236 kg) than 
shown at an agricultural experiment station.
 

Key words: Kentucky bluegrass (Poa pratensis L.), smooth bromegrass 
(Bromus inermis Leyss.), orchardgrass (Dactylis 

SLomr)aalfalfa (1edicago sativa L.), red clover, 
rfoumpratense L.), birdsfoot trefoil (Lotus 

- corniculatui L.), cow-calf, yearlings and pasture systems. 
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13-2-2 Grassland Societies in Manitoba 

George Bonnefoy 
,lanitoba Agricultura 

The purpose was to ilmprov,., by lemons tration, the traditional 

management practices used by lives;tock producers for pastures and 

forage production for bee-f and dairy cattle herds. Cooperating 

farmers were organized into Grass land Societies, which enlisted the 

support of specialized persons supplied by Manitoba Agriculture. 

over fiv yars were clearly positive, and significant im-ReIsIults 
in both field and animal husbandry practices.provelneuts were not ed 

The experience conf i rmed the princ iples of the diffusion-adoption 

proce!s antd 	 i t:; application to adul1t exten:S ion education. 

Key words: 	 information diffusion and adoption, beef and dairy 

producers. 
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13-2-3 
 An lntractLion 
 prastur,./i'iz-)'uctlon
 

G.11. Sull ivan, M.j.. }luck, ?.o. Ilv land, and R.J.. Haland 
Auburn n iV"T'S ity, U.S.A. 

Climate 
favors pasture production in the southeastern United
States so that cattle can be raised year-round on forages. Carrying
stocker steers 
to heavier weights on cool-season forages is becoming
a profitable enterprise in 
the region. 
 A computer simulation model
which accurately reflects performance of this pasture/cattle production system offers the possibility for comparing economic benefits of
alternative management strategies.

A FORTRAN-based mcdel was developed and verified for 
a tall
fescue (Festuca arundinacea Schreb. cv Kentucky 31) pasture usinghistorical weather data for central Alabama. The forage portion of
the integrated model was based on a model by 3mith and Williams
Range (J.M1gt. 26, 1973), and the cattle portion by Sanders and Cartwright(Agric. Systems 4, 1979). 
 Response surfaces representing forage
growth to variations in solar radiation, temperature, and 
soil fertility were generated by regression analy.;is of small plot data. 
 Daily
observations of mean air temperature, rainfall, pan evaporation, and
solar radiation were 
driving variables influencing forage growth,
drying, an(: decay. Available standing biomass, crude protein, anddigestible dry matter were estimated each day for the forage. Outputvariables from the forage portion of the model were inputs for thecattle portion of the model. Parameters in the 
livestock section
were initialized for stocking rate and genetic potential of theanimals. Stocking rate influenced the rate of forage removal by thecattle, and the genetic weight of the dam determined the shape of theanimal's growth curve used for model predictions. Crazing pressurerepresented a feedback mechanism affecting forage growth and quality

in the next daily time step.

Model predications indicated that the 
 forage/cattle model trackedobservations for six separate experimental periods from 1975 to 1978for sets of steers grazing fescue. The level of maximum standing biomass 
varied between tall and spring periods. In the fall periods with
cattle grazing, maximum standing biomass 
reached 1161 kg/ha, while for
spring periods standing biomass was 
greater, averaging 3458 kg/ha.
Pasture fertilizition rates were 
300 kg/ha. In only 
one of the experimental periods was the pasture stocked too heavy to support the setof steers for the entire grazing period, resulting in decreasing rates 

of daily weight gain.
For an estimated da's weight of 480 kg, the model predictedanimal's measured weights for the 
six periods on the average within
+ I0 kg/animal. The widest deviation between predicted and measured
was -21.45 kg/animal, and 
the closest was 
+ .37 kg/animal. The sensitivity of the model to variations 
in forage and cattle parameters indicated that certain parameters have more influence on model's predicting capabilities. 
The model demonstrated the capability to 
estimate
benefits for alternative animal sizes and fertilization rates for a
pasture/cattle system in Alabama.
 

Key words: 
 Alabama, fescue, steers, stocking rate, economics.
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for Cattle Grazing
The Adoption of Leucaena 

in Australia
 

J. 	 it. Wildin 
of Primary IndustriesQuaenaland Department 


The tree legume LaUcaena leucoceoh_2la is a high quality
 

cattle forage in many tropical countries. For the past thirty years)
 

cattlemen have not planted -leucaena despite conclusive evidence 
from
 

and is
 
small 	grazing experiments that it improved beef 

production 


suited to alarge area of northern Australia. Seed of four cultivars
 
In 196B8cultivar Peru, an excellent forage
was available Inthe 1960s. 


4' p~'iai

tyte, was planted in a 24-ha.block pecificlly 

for seed production.rl :"
"' 	 th-waiY-be ia.---There- were s~v-usd-n ,Ausra 

Adverse publicity on
 
likely reasonsfor the non-adoption of leucaena. 


the extreme effects of- mimosin toxicity, limited ecological adaptation
 
Most
 

and problems with establishment created barriers to 
adoption. 


for leucaena
 
important, rotational grazing in short cycles: advocated 


hedgerows by researchers was in direct conflict with 
traditional
 

continuous grazing management of native and improved 
pastures.
 

Extension officers lacked confidence in leucaena and refrained from
 

recommending it.
 

A management system, where leucaena maintained a canopy
 

penanently out of reach of -cattle, allowed continuous 
grazing of
 

on the lucaena plants
accessible forage without detrimental effects 

Since 	1974 this management system has
 

and cattle feeding on them. 

been effectively used by the producer with the 24-ha 

Peru cultivar.
 

InNovember 1979 a promotional program on-leucaena for cattle forage
 

commenced incentral Queensland. There was an immnediate response from 

'~ cattle producers. In18 months 450 ha were planted and the area could 
-

? 
be expected 	to increase rapidly inthe next few years.


KN 
There may be several reasons for the recent commercial 

It was concluded that the main reasons were acceptance of leucaena. 


that the positive promotional program clearly 
defined the role and
 

.:
 
adaptation of leucaena, and emphasized that its management 

could be 

establishment
 

simple and not in conflict wlth traditional practices; 
.
 
was inexpensive and uncom.ilicated and that the inaccessible 

canopy
 
a valuable drought


ensured longevity, reliable seed production and 
was 


The 24-ha
 reserve. Fears on undesirable-features were dispelled. 


commercial block instilled further confidence in leucaena.
 
The reasons for adoption of leucaena inAustralia may be of. 


The transfer
 
benefit to other countries experiencing adoption 

problems. 


of grassland research findings to ranch-practice 
is nearly always beset
 

with difficulties. This is more pronounced in extensive ranches with
 

Research and subsequent promotion
traditional practices entrenched. 


of a new ranch innovation should recognise features 
which lead to
 

ones being its benefits, simplicity,

rapid adoption, important 


compatibility with existing management and being 
observable on a
 

new crops, seed must be readily available when
 commercial scale. -For 


promoted.....
 

Key words: 	 leucaena, Leucaena leucocephala, grazing, cattle,
 

extension, adoption,
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13-3-1 Sward Height: An Indhx of Grazing Severity to
 
Aid in the Management of Pc'tuturen for Cattle
 

Y. L. P. Le Dlo and R. I. Baker 
Grassland Research Institute, U. K. 

The herbage intake of the grazing animal determines its prod
uction. A major factor controlling the level of intake is the 
severity of grazing imposed by the grazier. This work was undertaken 
to define relationships between grazing severity and both herbage 
intake and animal production, from which objective guidelines for tile 
management of rotational and continuous systems of grazing could be 
developed. Trials on perennial ryegrass (Lolium perenne) swards 

have included work with spring-calving dairy cows, suckled cows and 
their calves and beef cattle. 

Sward height, which can be easily measured with a ruler, has 

been used as the simple index of grazing severity, after grazing in 
rotational systems or throughout grazing in continuous systems. 

It has been found that once cows ire forced to graze the sward 
below a height of 8-10 cm in rotational systems herbage intake is 
increasingly depressed; milk production is similarly depressed. 

lowever, these reductions are dependent upon the duration and 
severity of restriction since tie cow is, to a limited extent, able 
to buffer short-term intake limitations by drawing on body reserves. 
The relatively lax severity of grazing necessary for individual 

animal intake and milk output to ibe maximized results ii inefficient 

utilization of the total herbage grown and an output of milk per unit 
area welt below maximum. For milk production per ha to be maximized 

[in increased grazing severity must be applied and it reduction in 
individual animal performance of up to 20% accepted. With continuous 

grazing significant depressions in herbage intake occur with cows 
grazing swards cf less than 6-7 cm iin fieight. Again the reductions 

in milk prohuction depended oil tiie duration and severity of 

rest ri ct ion 

rhe major di fferecnce between grazing systems has been ill the 
contrasting growth habits of the swards produced. We have not found 
differences in either the imount of herhage grown or utilized. 

Ilowever, there have been marked differences between tile two systems 
in tiller populations and in their seasonal changes. 

The choice of grazing system has not been important in deter
mining output in our trials on heavily fertilized swards but th
major influence has been tie way in which tire system is managed to 
match grass supply with animal requirements. We have shown that it 

is possible to assess the effects of grazing severity on herbage 
intake from a simple measurement of sward height. This can give an 
early warning of the likely effect on milk production. It has also 
been found that similar guidelines can be applied to grazing beef 

cattle and suckled cows and their calves. 

Key words : grazing, management, cattle, sward height.
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13-3-2 Dry 	 aLttr Yi ed (if Al fi Ifa Uindier Varolti s
 
sotn IConi it 1k , on
Env ri al iim ; i i t Ii l i I i,gg 

Y. {Ooharii, N. Ywdlil a n We'...:.%,din 

Obihiro itnivir. ;Ivi if" Aricul t ui-. and V,i,-rinary Medi ci ne
 
Jlpln, ailld Iowa St-iLt ,i I 'llvr ity, 1 . S A.
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13-3-3 Vegetative Response to Grazing Systems
 
Management in Wyoming's Red Desert
 

. E. Rodgers and 1. G. Fisser 
 e

University of Wyoming, U.S.A.
 

Over the past 60 years livestock grazing system 
have been studied
S to aid development of range management techniques that will provide

higher sustained forage yields of native perennial'grasses. Onmany

rangelandsrestrotation and deferred systems haveproven superior to
continuous grazing for management purposes,while on others this hasnot been true. The objective of this'particular study was to deter

:mine of different grazing systemsthe influences onearid shrub-steppe,-- 7-7-vegetation-of -Wyomin'g-.---- ---
77The study.'site locatedwas on the Red 'Desert'in south-central 

Wyoming. In 1e966 three grazing units 
were designated: a four-pasture

rest-rotation unit, a two-pasture deferred unit, 
and a continuous
 
seasonal-use area. Cattlestocking rates were adjusted 
to reduce
grazing presure on a depleted range, and to equalize forage use over
the three units. Vegetation cover and utilization 
were measured on
43 permanent cluster transects located incrgebrush-grass types onthe various pastures. 'The transects, consisting of twenty 30cm x 30cmquadrats each, randomly withinwere placed areas of moderate grazingintensity. Vegetation cover data 
was recorded in 1967, 1971, 
1975
and 1979, while utilization data was collected annually from 1967 1971.
Changes in vegetation c'over between 1967 and 1979 expressed 
an
upward trend in range condition on all three grazing units. 
Perennial

decreaser grasses such as' Indian ricegrass (bzopsis hymenoides) andneedleandthread (Stipa camata) *made. significant. gains (a .05), while
big sagebrush (Aresia tridentata) and plains pricklypear (Opuntiapolyacantha),. both invaders,eeither declined or remained unchanged.Perennial increaser 'grasses' such a's'
western wheatgrass (Agropyron

smithii) and Sandberg bluegrass (Po secunda) made gains on most
pasture units. 
 Changes in amounts of cover for decreasers,' increasers,

and invaders were' compared among the three units. 
 All changes were
equivalent, indicating~that upward trend 'of range condition has' been
occurring at a'uniform rate on" all units. 
 Utilization of desirable
perennial grasses 'ranged from 27-57%, with approximately equal use
 among pastures on individual'species.
 

Because decreaser plants exhibited cover, gains and invaders de
 
lined, it is apparent that 
range condition has, been improving. Gains
by increaser plants indicate range improvement has not yet progressed
to 
the stage where their populations stabilize prior 
to the decline
associated with trend movement toward the excellent condition class.
 

Utilization data substantiates the original premise of equal grazing
pressure onall sampling sites, 
and reveals that intensity was In the
light-to-moderate range. 
 A rainfall-related bias 
can be eliminated
because long-term precipitation over the area was 
r~elatively uniform.
This study shows that, 'after 13 years, continuous grazing was as effective in range management as deferred and rest-rotation grazing, under
the following conditions: 
 (1)the range type was northern arid shrubsteppe; (2)' the condition .class'was In the lower range of condition
classification; and (3) the stocking ratQ was light 
to moderate.
 

Key Words: 
 grazing systems, arid lands, range condition, range trend.
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13- 41 Legume Rrova t ion of Grass-Dominant Swads: t 
A Data-Based Educational Program Which Resulted in Practice
 

Adoption by Kentucky Farmers 
J Kenneth Evans, Carry D. Lacefieldand Warren C Thompson 

University of Kentucky, U.S.A. 
K k ht. of forage crops, most 

.. )oofwhich a re o ad on lad wi t mderat e to severe er...... hazards.
Byteary90(Kentucky-31) 
 of tall fescue
(Festuca arundinacea, Schreb.) 
had been planted on a proportionatel
large area. Legumes growntwith grasses had 
been 	shown to greati
improve, quality of forage.: 

Legues were.lost from many_.etucky gass eldsdurng ......r~l~i~ydi~ -summers o 93and Legume--- 1954. establishmnut 
research was expanded at the University of Kentucky in 1955. By 1959sufficient data had been accumulated to formulate recommendationsbegin educational programs for farmers.	 and 

Counties to receive intensive educational program emphasis wereselected in 1959 and in each 	year thereafter through 1965. Countyagents, county leaders, and the extension forage specialistseach county and concluded that pasture production and quality 
met in 

werethe major livestock problems which needed attention. 
-Numerous demonstration plantings were 	made at easily accessibleand highly visible locations in each of-the participating counties.

Information campaigns conductedwere in the selected counties throughradio, television, newspapers, farm magazines, and direct mailcreate an awareness of: --. (1) the need- for 	
to 

(2) the 	 legumes in grass fields;fact that legumes could be established without plowing;(3) locations-.of renovation demonstrations, and (4) where additionalinformation could -be obtained. Educational activities includedcounty and neighborhood classes, field days, and tours.Estimated hectares renovated statewide increased from about7,000 ha. toin 1960 243,000 ha. in 1967. The number of total cattleand calves in one of the early high educational emphasis counties wasincreasing during the 1949-69 period at about- the same rate theasdistrict in which it is located. -From 1969-75 the high emphasiscounty increased at a 	 rate much faster than- the district. A compari-son between eight selected high emphasis (HE) 	 and eight low emphasis(LE) 	 counties shows the HE counties to have increased cattle numbersmore 	 slowly than- the LE 
59. 	

counties during the pre-program. period, 1949-
After 1959 the HE counties increased cattle numbers faster than
LE counties. noAlthough cause-effect relationships between renovation 	and increased cattle numbers can be proven, it is probable thatthere was an effect as result ofa increased feed production.
Prior to 1960,' "renovation" was a word never used with referencetoagrass field. In 1980 a survey was conducted in 30 randomlysected Kentucky counties. Of those livestock farmers responding tosurvey quest~.nns, 72% said that renovation is a 	 common practice ontheir farms and 73% said extension had either "much" or "very much"influence on their decision to renovate. Thus it would-appear thatextension education programs-have been influential in the renovationof grass fields becoming a routine practice on about 3/4 ofKentucky's livestock farms.- --

-renovation,Key words: legumes, extension education, practice adoption. 

-
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13-4-2 Rise and Fa 11 anti Rjise of the oroc can Range 
Sc inece Empi ro 

James 'r Ol)Rourko, Roger E. Baner, and Jonathan Sloper
 

Utali State Univirsit,' and I1SAlI), Morocco
 

tle 	cars' history of tle- establishnent of range
By foll.owing e 

as a ;cieact' ili Morocco, this paper evaliat s tie impact 
management tile 	 variousweighS 	 the merits of 
of assiStance erforts. TIe paper then 

initial setbacks are unavoidable and 	how call we 
projects,asking what 

these assistance effort.better 	 coordinate and conduct 
Agency for 

'The Ministry of Agriculture of Morocco and the U.S. 

(11SAIi)), in 1966, recognized the magnitude
International IDeveloplnln t 

lack of qualified
of tile 	 rangeland problniz ill Morocco. However, the 

, tile failure to identify appropri-
Moroccan range mpeanaent personnel 


inabil ity of available specia.l.ists to involve
 
ate tecliloliogy , tie 


on ranI perimeters, and a lack of
 
pastoralists Ill deci! ion-laking; 

aid 	 pa;toral traditionis ide 
knowledge of lherder;' ,oc ial ;ti rctiure 

beilit4 itS of Lte resultingdeimoin stratte tilte'c tedit impossible to 
Thle 	 Ulited Nationi; Food ;iill Agricultural

projeoct to the pa;tora li;t:. 
/e xtells ion effort, but

;i na el,

Organi 'at ien 

lai htd to acconli list it; goal; ,ecatUSe of a
(FAO) also cotitlictoid 

OIce again',i the project 

ilith or tihe above proeticts, however, did
 

lick of Lraillkd tnliower . 
pruvidedeiteiw to tit, couit ry and 

iltroduce tile COnCept ; tOf rige !cL 

aiud h , l rocc itris ior Ititill- act ioll. 
physi[cal fci lit ito; 

pro 	 eci tt; begat,
duginu ill ill 19J id, a pteriod of tducati o Ial type 


of th,,:1 L 5-year FAo iroject which t oto
tia td Mitrolccan.
tile f ir t 


TI Li rU;t Jart ic itait ; under 3AID//liv r
ag 	 11 ;i'ty of Miillesota Project 

a Moroccitli lhird Cycle Degree . Since 
returntoi o Morocco itt 1974 wit i 

tiVs taken cou seit work at15 L;L,oiutkLi;!;that tine a total of range 
liVe Ph.D. it iuletitsIn adli tioi, 

inl it itt ioln;. 
nine lifterentU1.!;. univer;itiA,-. 

i o tie pool
 
ar- tuldyii 
 " it five d iff r'ellt U.S;. 


.; utit t ;, the [;SAIl 
 Tit l XII S; l I Ruminants 
of- trained railgo 

Farming liroject
Col laborit iV,' R.';earih 'ror'anl ird Ila nAlI) l)rylaid 


i O
 
begall ill 19) .
 

ltto l' uitrate ill t';tt lanidn; ovor teL last
 
Buillling till the 

I BRD) Itelanl a COImIInItILlty doe Iopmtint effort 
14 years, the World Bank 	

thatI now cottmvict(ofI Agr l cultre ise 
cIIl turalill 1981. Tle Moroccan Mii 1st r 

the t ime is r igilt- for allottir c;:teLn!; on effort. At thi i i es 

oi- .-orOt''atl p itOl'al i .t..s ippoar ;dtlIt/able to a chanlge
characteri ;tic 	 li tihl t equtltions.frOnt trilitil itI l a Il ninlltol':;/wi sta oaway 

14 yeais
i lii i ' 1ir Lfoothold in Moro- cci after 

Rallio Sci11uct 
qIto ions it li in iddr'i,ted ill th is pallr, wi ti rele

as!silll t, '. pl;t 
i liCan eolr - slhortetied? Areof 

tO0 litIrte it[ ivities, r t(,all thi be
valte' 

art necessary
what we view 1u:; illitiil lailur ; 17 illy failures Or they 


net'de;' Ii itp ipossible to coordinate the
 
steps itt i-l:n1u ttratiltg the 


within a stubect matter within
 
, .ill 	world orgaii/attioi; 

we 'tilti11t tO repeat MiStlsal ';'? Slould fore igll aid
act ivities; 

a Couinttry or tlist 
type tc-forts o, tli0titid thi~s be tile 

be invalved ill itol-etducat.L[ital 
Can 	 we modify the training we

of the 	 he;L govitrulnit?respontibility 
At what level shouldMitre toOcialiV S;tull tiw'? 

we ,'vr provide o-ffectivle extell iollare 	 providil'g to b, 

our 	 traininl be ii'toil. Call 
by host 

tra ilig or must this pliait It developed aind CoiuliiiL 

governmient personel ? 

ritng, !c i once, dtioat iOn, USAI1), research.Key woirs: Mor'icco , 

eXtent ijOil,dolrtlollSt rat ion.
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13-4-3 West Virgini:i University Allegheny Hlighl1ands 
Project: A etn-Year IExperiment in lechno logy 'Transfor 

iarton S. lker,I 'aul E. lewis, E. K. I[nskeep, 
and Robert IIt. Mlaxwell 

We1st Virginia Univ rsiLty, U.S.A. 

West Virginia's Livestock industry is character[zed by relatively
small units Loc<ted predi[antl1 y on rough terrain suited to neitlher
highly mechanized nor inteensive agriculture. As a result of changes
in agriculture during ihe last 40 years, there has been a reductlion in 
support from agribusiness, in marketing alternatives, and in profita
bility. Some contend tIh;it, if present technology were adopted,
and sheep farms lin molt-itinou. regions 

beef 
would be profitable and would 

collect ively contribute to the local economy.
 
The objecti[e of 
 the Al leo.heny Highlands Project was to test the

effectiveness of a Imethod of deliveriug technsological information to
farmers as a means of' proImotilg rural development. A multidisc][plinary

teali composed of spec inlists 
 It agronomy, animal science, farm manage
ment, anod veterinary medic ine worked together toi provide to producers 
a package of recomimeniidaL ions designed to increase production and/or

profitability of 
 their farm operations.
 

Compreinsive production, 
 inventory, and financial data were col.-Jected on 65 farms I room lJI throuigh 1979. Linear regression analyses
were used to a!; ;vs; tile ilt)rillace of u mboiler of venrs 1 project par
tici pi l , year o1 eitUv ini to tlie p'ri ect-, tmI- s, onto Ieifarm rise, 

-allft! i-e la , trtn;. i-, ti:-,, tid v to lIr:n pt,-ral. in oili-hlml"'ii o-'c~imi-- i '! i :11+'-ma I+'mltI i' , iilveimtot'ir , ane. r/ Years of 
ti ii ~ii in tli pIrJ 11ht ; nia -i n t influence on hay yields/'05-dlv 'eii ifht )I ' calvlit, imarket - ,f calves, value of calfOiht 


ier Ci)lrke;i'o. njtn moici-[i n-c, 
 I, l imnh crop entage, we[gdltof lib :; - f tnll ki - 4 I l tl ric-tied 'or i-Wi, andlllva ie of market
lbl Iiiimb pe,r Wt.4', ilI of wfhi(h lh'rent-l . llrg e fa ris W-ithout loll

mirm imom h id hfi h,:r h;rv Y el;/ici tiaM olher I'rins. 'lh( ? 
0 

5-day

t-cii-l -i ; iII 
 11-'L Weii,,ht: Of cailv -.; .- tr1 I-L' ;!; tili f;ril ; byilliv 
p;rLt-t ine iriluter ; Who) Ii aced miinor emmpliah is oil tarli i,. L;arge farms

hld Ill(I iab t incm;, tee ili;, 0:-penn en, 


nto ] i 
 ll liet [lij e than sinal ler

Ia rmas. No)o;t t)ro rhli ion oail ; tl
o l lhed im a farm lar is were 

,achie l , t -i 
1 ; piriom ilitimi goals for fill P'oji ct area Idere liit 

'lII prl'c 1-li:c ';l ipr ih ,n;,dI in the Al I iheny lii Iarati; wisai P'rojec l: 
;Ilc -! fliti . Fa i-i r!t'; h,nc, 1it ted froI 
i ii F; i i lt- r -s ;i 1( ' c i~ . im nll i Ly a 2 t 

i mci -iseld ) roidltmi ll allind iticreased-o m el t . t I t lud e s ; h e r e(!l l t llo r e p O !; 1 L, i V e ;ln d 

mummmhm-tiisl nicrei;ed. l c 'i liivet -;i tv t-itn fi t t-id fromI ncreased coin
tlct! i it; clientle , which reiul to'd in so to 
 meanngiin fl resenarci and
i -chlil;. Elmlln,!; fillld 
 iice; lirv for ai ;ucit-i e:lU Jlf I project were: 

la ;11 : n' -o llrt-, 'i:npt-totit ;tmff, ippropiinto d i;cipl In ; :o oleetf,.ii-r i m ,i-, !lilt -if Co ffimitIct- Itn-i-ll fat-rner and fio ld stff, comn
7n11l ii I e''als-nt, mil-qlitm- mlil l;
+ d I 'itii lv,, t , m ~lt hiii L tvi,! :t~ll 1, ti[d ldl['Ultc, ifit,, !; l ilt lit,l. ..',+n+ '-hd ;1inch of I t,
 
n,--;-i'i i lmrin ,l --i apl I 
 ,.. i,- --n hi-1- ll ,- ,i ivii t i of 

!,,,.t tIit , , , Ih <, i".' I , t, . p.-,p I far-n for di fft- ro t ri-a on;;, and, 
iii eneri al , nin0gi o-ciir :; low Iy 

1,s :I paCl,:'e app ri I ich, nmi I farms, 1,climmIoloc y transfer, 
,l I -giieny t [gihl uds , irur;i] developlnit. 
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13-4-4 Strppos itions ant itit'titflt i, l'a.,iturilug of 

in the birm n Ihlmmcratic RepublicCattle 

an H lon;'. Wj:in1, C . il el' of F.o ra) ,- Piroductions;,hnll~itot 

;Ind t,-i fo'rs i ; clarlic t or ized not onl y 
'rI'{. p stUini,, oft da iry cows 

llln tof s' , work'', , and 
I y imal I I expense o f machi i 

by a ci)nplraL i v 
ty t: pl(lt:1 yield, 	 colcert':2ltioil

Iti ',h .tapttlb iicostS!, but aIiso by 	 a l1ismid e.conomical conditiun;. 
of uIn tiai ; , inten.;ity of 	 p1 duction, 

(GDR,),th ( lian Deiocrlt it 	 iblic 
adaptability i; importnlt for 

eVtell ith_
frsexhibit i consideir lble divei'ity

bofC;llIi Lii! tltiid facto 
ill this' limited jre'::.
 

in the CDIRoccupy abt- 25 percent

T 53),l ha of pa;turs 

heep. Thv pitico-itconotlltcfor catt 14 and
of Lhit,-L ii l 7ora'' 	 of ,, 

h t yi elds;, forlgtti utilization without losses, 
pr, si)r to o i 

c e asi 	 o for tlite pti.turesi.i pe r antti il applies 
the a head-co suij . ld irh ill rfrmi t n 

(ily .'57in i , ti
Per ihabitani Wet h I e iitihand 

9 o formeat, 15 kg,
cts'i V try higLh: treit tihan 

tion of anitii l pIrod t 	 s 

, a" t k"o i d,-inkin m i ilr.
 

of hut, , 7 ikgo 	 ch i 
t,00 places;hose; with f I 	 ol than50 p1lace.';.are kepi in 18-,000J( or 1,'.'.' thalnDairy cow:; ill hiouses' withhet.fers ;t. rais;ed 

(i(ze tes re of 
a r ZI s , 1)o: l ' I :1L it rI th 

plant pr duction VlryThe s tizeof II.h ,ra;sl i( 

il t l o in eu terpris e of 
pasturet -cir. 	 to more than 1,000) ha.
hetwocn onily, few 	

.la ptW d to t~he' Vuly 
;<l i .fn, pali:;[ll-t, i11ii' i 1[is 

T]he' ' , 	 nd
lIt r-') i o 1u w.ith c'onnel(cted( lrl'j' j,,rasla;;

dlifferent condlitions. 
to '100 dairy rows' 

,. ith two herdh:, each of :100 
I,ml''l; pas;tore combines; , ; 


orl 4()0 toI 600)( volIi; C/I lt 
 ', hi IV, IIr-OV,'11 Ai >u c' CsII'S TMll (di SpJ 1- d 

40( yo)lill;1. cattlie
Are', Used mos:tly With hei'ds; of only

pal!,tlro ar,'.iA; 
the pas;tures; are

50( coiws dire*ct friomt the' sh-i, , it-
or aihout '() t,, 

d a;ir .ls are s;itllal. .d far 	;I
hel, vill,'l e. Where'-, lth . r;l.cl,,:' t 

C ll f fllor dairy cows; have 
'mly' fr:om ih:llt, shed,] s1:1 i~l;Ty pas ;ture 


of '200( to 
 300 dai ry cows 
''c d Ili tho,- comh!in,':; two hoids;

tolI,he 


pr (t of miIk).
t. I lahor hourit i, itltilach it"I-. iitu folLr , (c 
;hd. hrdI,,- kept inl old to 3(00in w ntr h v, to two herds< ot- 200Icows;, which on p.-s:ture inAlso,) daliry ,i I' tlloIrto) me(cham-i;.o', ar d 

this; wa'y during
.'i1r, not~ : fe"w cas;es ill wh ichl 

anllima'l '. ,'Iach. ']ht'l'c 
l r i 	 for hy. i~ t +,II. ivcs olf 

arc- c.ire.d
the pasr e pe'''d o 	 5010 co ws 

NoD shift-collective,agrziculturatl ,-.vqwlrativ,'.it Nwl'lln,:rs vvich of'" all 

ot-her in Iitos'<hift 
 (7 daiys),

woriks; inl mor)illiilw ;hill (7/ iT ) the 
f anld !i ,days/). W~hereasl for 500( cowsl 

hasl it',' t. ilmi (Vatlyinl}'Hol,' third 
lin ihe pa-stJ ure

1:! :i',' necessa;;ry'
;lit-- ne'eded inl winte'r, oly)

2.4/ woirkers': 
isi poss;:ible thati the' wor'kers' in cattl~e 

per'iod. lIn this wxiy, it 	
pro

1neC.-;sores of
holidl~lys in :;umnvir -ind thatl 

duc'Liol Calli tike' their 
d .
 

' d h e lpt r f o l -jji,
 rn t i )n .' l i z i t i on oil t h e sh oles c a nl 

C;DR, organl ization, 	 producti.vi~y.
Key' words;: t~itrn,,cattle, 
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12-5-1 Effectiveness of International Students 'Is 
Profess iona Is in 'I1iei r Ilom Count rios 

( er:i , 1 . I h mis 
New M 'xic0 tt' 0 111ivr.; ity I.S.A. 

The observations made in this paper are based upon contactswith international students, both 
in the 	United States and in many
countries of the world. 
 The author has supplemented observations
 over a 30-year period 
in higher education with interviews anu
contacts 
during a three-month intensive study period in the

Sahelian-Sudanian 
Zone of Africa.
 

Two of the most serious problems in increasing world food
production in the developing world are: 
 (a) lack of trained people,
and (b) technology transfer. 
 A third constraint, inadequate research,
is also critical but not of the magnitude of the other two, 
since
there is 
a great amount of research information available that is not

being adequately utilized.
 

Training needs fall 
into two general categories where
deficiencies are obvious: (a) graduate level 
programs, particularly
in the 	applied fields relating to 
range ecology and grassland

management, and 
(b) "technician" level training, which may be below

the 	B.S. equivalent level.
 

Most international students, after their return 
to their home
countries, expressed enthusiasm about their training in the U.S.
They were less enthusiastic about training in other countries because
it 'as 
"more basic" and "not as practical" or useful for their jobs
at home. Also, there appeared to be more effective training at
institutions within "similar ecologic zones" whereas 
training-particularly in the agricultural 
sciences--in "dissimilar" 
zones was
not as 	effective for their purposes. 
 Careful 
selection of universities
 
abroad is very important.


There 
was almost a unanimous 
feeling among foreign-trained

studeTnts,, as 
well as agencies invulved in development assistance,
that the research required for a Ph.D. be conducted in the country ofthe student ; origin. This requirement may not be 	as critical if theresearch is more applied than basic and if the research is carriedout in Jillar ecological tevironments. Evei though "in-countryresearch" poses somefmanagerial and financial problems to foreign
liversi ties, th is 
 point cannot be nver-emphasized.
 

.!hilo most of the less-Developed Countries 
 require someservice (iually 5 years) in the home country after the degree isconferred abroad, there is evidence of substantial out-migration oftrined personnel in many of these LIC's. As one professional in anLHC sLted, "e are training our people for jobs in taudi Arabiawhere th( siltjries ire much higher than we can afford."
The work ing 1 livi rn oent in 'many I_[C' s is, depressing for the,,t.u-ning profe''.,J, i t. ,ome cannott q -t fore ign exchang(' to maintainir ',m~nir'm';smii,il ties to .tich organizations as the Animal Science';oci' y, the Agronomy 'or iot y 'Al
or the ociety for Range MIanagement.o fiowt t v irtl I 1/ impo i h'l to comillirn icat e ;i t.hotherrriit;si~miiii in t.heir field, no library, and no intellectual
i1lrti On. It i rodbed uirmntr tuiato i observe the traiied mindn i ''riv ir)r1mint that will not permit growth and development. 

,, wir 	;: intorn i ti nal, pr)il'.uio ai;, trainii , technology, 
tI,I1!;I . r . 
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Academic Curricula for13-5-2 	 Innovations in 
International Educa tion 

Don 1). Dwyer 

Utah State University, U.S.A. 

USAI U has madte to developing countries has 
A major contribution 

been to supporL the odiicat ion of host country nationals. This form 

has not been without its problems;, as both All) ind 
of assistance 

been Less than totally effective inhave 
an education that best

the 	 universtivi's themselvon 
serves the 

mecting the challenge of providing 

student and 	 the home country. 
s the W15degree 	 serve'; '; adequate

in most developing cotitri, 
This isagricultural program;. 

not to argue againist higher levels of education but to state faster 

spreading oducati.onal , f forts among more 

Scientific fotuidation for staffing 

progress can be made by the 

level l tter suited to thet needs of the 
individuals at ; training 

tioulS have been 	 guilty
country. There 	 is evidence that U.S. instit 

personnel
of prolonging the educational experi.ence of third-wnrld 

beyond the need. 
graduate

Wh~l !;t'studellt; from lesser developed couilt rie; pursue 
and the 

delgrees, the U.S. institutions providing the education 
for the restodent should find a way 

country.
org,,anization sponsoring th 

thes is or dis.,l'rt otion res,!;rlch ti i' dolt' ill thw hls 
qu ired 

uni-
At ti BS ltv,, forei gn nationals wiitn o ducated il U.S. 

versit:ios should not be ;ubj,,cte'i ,;oltlly to cirricuih developed for 

tw' tre lominant 	 cas(.
U.S. 	 n;ttidt s and ii.S5. con diit 0,; a i flow 

to ri iat' the, P.S. uc hnology, principtles, and con-
It is tocessary 

manag mo;'lit to titi' l tlc Ira 

cp it agr i cut Lr 
 ;I I natorcal I n;o rc'of I 

iv; 	of tI w lIDC, Thins eamns npc i al cot r'es tilt st 

and [I.!;. f-acility most hav, the experience antd
and 	 poI it ica I rta lit 

be dlveloped to to thi:; 

wi lingons to properly I v' 	 lap :illd teach tho courses. 

pon; it) i I it its for unihergra tit(ate ;tnd
iis paper propo -;;'; sovit 

to ttrni;h more eln ningful etducation 
graciattat' cirriciila in th' P.S. 


lor ilnt 'r at ion:;l 1 ;tuitolts.
 

curricula , education.
Key 	 worth;: inttrnat ional education , scademic 
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13-5-3 Rol ,' I ff,c' ii,;; ul .;. t t,aIndworfi 
'lra in i ng Profos, i ounaIs for ;Work in t natit IonAgr 

in 
iCLIIture 

lIMrre I . F.i ,li p

.S c it .t 1 t 0 1 1 iv r it 1.! A
 

Problems of hunger, malnutrition and world food security becamea major world concern in the 1970's. Two U.S. Presidential reports
have emphasized the seriousness of the situation and 
 the need to expand food production and distribution, particularly in the lessdeveloped countries (LDCs) where 
 hunger is most severe. 
The LDCs need to strengthen agricultural teaching, research, andextension in order to develop and disseminate the appropriate technology farmers need to increase food production. The wost limitingfactor is often the lack of trained scientists to provide the localleadership and expertise. Here the U.S. and other developed countryuniversities are needed to train LDC professionals as well as provide

technical assistance overseas. 
U.S. universities have been encouraged to expand their international activities through Title XII 
leqislation passed in 1975.
While the Act has not been fully funded or implemented, it has been
 a major step toward the long term 
 support U.S. universities need toseriously take on the job of international agriculture. Demand forU.S. training from LDC students and the need for U.S. expertise overseas has continued to increase during the 1970's while support forU.S. university-based work has substantial1y declined. Younger U.S.

professionals in narticular seem to be deserting their interests indevelopment.

These circumstances led 
 the American Aqricultural Economics Association (AAEA) to sponsor a major study on the training of foreign students in U.S. universities. Principal objectives were to obtain anevaluation from LDC alumni on the strength, and weaknesses of theirU.S. training; determine what the U.S. can dio to assist in strengtheningindigenous training and research capabilities in the LDCs; and assessthe future capacity of Ii.S. universities to meet LDC research and 

tra ining needis.
 
Results indicate that LDC agricultural economists 
 value their U.S.traininq highly; it has given them the confidence, analytical tools,and prohlem solving skills they need to work ini their own countries.


They wiould like gIreator aplication of economic tools to their own
situatfinns. ,ore 
 U.S. professors need real knowledge and experiencein developing countries ard students should be able to do their thesisresearch on a home country problem. It is also important to maintaincollaboration with their U.S. professors and departments after returning home. Cooperative research, short courses and seminars, and postdoctoral programs were suqqested as means for continuing support.
Over ulg percent of young U.S. agricultural economists have deserted their interests in development. U.S international capabilities in this discipline appear to be declining. Probably the mostcritical factor is the instahility and low level of funding for university participation in international development activities. Increasingly stringent univt-sity hudgets; and little public support forassistance to [Ds have 1ade it extremely difficult for U.S. universities to recruit and maintain faculty in international development. 
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content of thi, curricultim dictated by the 
; job.she gets

do in the ii.. environment once he or 
is expected to 

and research experience of the author 
Pot.h persfonal observation into whichthe environment
that in the developinq countriessuggest upon return from or herself immersed 

the young ,scientist finds hirsel f 
one.

in the i.S. is quito different from the U.S. 
graduate tudies 

finds himsel f or herselfthe young scientistIn such in environment, 
the necessary condi

using most o r i-is/her time in trying to create 
hisandhe(gin effective work, ends up failing because 

tion's to abilities to complement
eventunl col lahorator, lack the necessary

them these abilities becausehe canno t teachhis/her skills. Worse, 
bothered to teach hin 

lie, himself, has never acquired them. No one 
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these 

as seen in thone societies. The frequent 
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the young scientists 
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lie was trained, because 
to the ;c(iontifi:ally advanced country where 
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Income, Costs, and:Profits Associated
 
With Feeding SelectedForages to Dairy Cows
 

i Drnfieldnwasyne A. Rohweder and W. Terry Howard 
'University of Wisconsin, U.S.A. 

Over the pa'st 10 years, dairy farm enterprises have grown in 1'
size with an apparent increase intile use f scientific feeding and
omanagement There.!. techniques. is growing emphasis on automated feed
ing and milking 'and management strategies 
inan attempt to reduce
 
labor needs and allow more cows 
per worker, It is apparent from data
 
collected in this study that herd growth, use of automation, and a
 
scientific managemen approach will continue. The average herd size,

from the sample population was 76.8fcows. There was difficulty 



finding over 100 and under 40 head herd sizes. It appears the trendt en
'innc rae W1 cont n 
 mren
pfrtanagement: ability, and dtservce capacity exist to allow the growth to occur,
dFoage also has changed over the past 10 years withmanagement 

more emphasis on alfalfa (Medicago sativa L.) as a of reducingmeans 

purchased protein needs and controlling feed costs. This change has

led to increased, use of soil testing, forage testing and forage
fertilization by Wisconsin Dairymen. Low moisture silage (LMS) as
 
a means 
of reducing labor and preserving forage quality has increased
 
and has resulted in growing dairy farm investments. Producers re- . . 
late LS forage systems to tileuse of high quality feed, reduced 
feed costs, and automated feeding. 

Current forage trends will continue to decrease the importance 
-'- of corn silage and dry hay on dairy farms as younger operators move,


into the dairy industry and engineering results in new developments

to benefit forage harvest and handling systems.


A result of such trends is increased capital need, as has been
 
witnessed in the recent past and will be 
more critical in the next
 
several years. Machinery, storage, ar 
handling facilities are major

factors dictating present-day investment needs and have resulted in
the producer's need to increase cow numbers to offset the overhead 
costs and generate sufficient profit margins.


Objectives of the study were to:> 
1) gather and analyze rele
vant production and economic data; 2) determine 
theinterrelation- .
ships between production and economics; 3) identify tle effectsthat identified-changes have had on production and economics;

4) determine how forage systems and herd size 
are related; 5) determine if there are 
economies to scale in size of operation; and'
 
6) identify what dairy farmers arIC:
Lurrently experi2ncing.
 

Key words: 
 dairy trends, herd size, forage systems, management
methods, economic relations. ...
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Ii-12 Socia Economic Limitations to Extensive Forage 


Livestock Production Systems
 

D F, Pendleton and G. M. Van Dyne
 

Gene Resource Conservation Program, California, and
 

Colorado State University, U.S.A,
 

" . Cheap pr Ices for energy and fertlIzer and tho relatively favorable climate of
 

the 1950s and 1960s contributod to the habitual -expectation of surplus grain
 

lowprices, largo reserves, and consoquent abundance of grain for

production, 


of livestock increased In many developed countrieslivestock food. Grain foedilg 
livestock"grain-crientodproductionand Itwas frequently suggested that Intensiv 

Improving productivity In less-developed countries. Thissystems might be a key to 	 o
There w re substantial shortsituation changed dramatically in the early 1970s. 


same time there

(I orldra 1974. At about the 

Between 1972-and 1974, -'; 
were phenomenal Increases Inenergy and fertilizer costs. 

bagged urea and phosphate, for
petroleum prices increased' by morothan 500% and 

example, increased In cost by more than 675% and 700%, respectively. Grain has not "
 

inmuch of the world Inany case. Over 90%

boen a primary source of livestock feed 

of livestock fod on a worldwide basis comes from forages. Yet even whore grain 

has boon an Important source of livestock feed (e.g., Western Europe and the US), 

In the US, grain feeding of livestock reached Itsemphasis on It Isdecreasing. 

peak In1972. It seems virtually certain that on0ogy and fertilizer costs will
 

livestock production systems which
 

rely on grassland forage become Increasingly important. Thn ratio of digestible
 

Is as much as 40 times higher for
 

continue to Increase. Consequently, extensive 


energy output par unit of fossil energy Input 

for example. There Isa continual need to
 

pasture forage than for corn grain feod, 


increase food production duo to continued rapid growth of world population. There
 

While It Is true that pressing

Ismuch talk of the Impending world 	food "crisis," 


livestock

food needs result Inan emphasis on production of human food crops not 


(and there Is little meat Inthe diet of many people of the world currently), there
 

cannot be grown because of climatic, edaphIc,

are many areas where food crops 


Many such areas are grasslands, where extensive

topographic, or other limitations. 


land for

production of ruminant livestock Is	the only possible moans of using the 


As the need for food Increases, production In
producing food for a hungry world. 


those grasslands becomes Increasingly Important. Yet productivity In these areas4.
 

There are obvious environmentallmitations In,lands which

Is typicaly very low. 

are "Inadequate" for crop production, but soclo-economic factors may be 
even more
 

Inadequate marketing structure, transporta

tion systoms, and adverse public policy are major obstacles to Improving extensive
 

areas. Moreover, these obstacles
 

important constraints to production. 


livestock production systems Inmany grassland 


often result In growth of herds, albeit of low quality, beyond the carrying
,. 1 
capacity of the range, resulting Inenvironmental dogradation which further reduces
 

Such was the case Inthe Sahellan region of Africa, for

potential productlvlty. 


and 1974 resulted in largo mortality of
example, when a drought between 1968 


crisis for the human population of the region. These socio-economlc
animals ani a 

in central
constraints are not limited to less-developed countries, however, 


Australia, such constraints are partly responsible for an increase In cattle to a
 

could be feasibly removed annually

level five times greater than the number whilch 


Examples from developed and developing
with the existing transportation system. 

Inthis paper to support the contention that socio-oconomic
countries are offered 


factors are even moro Important than environmental factors Inlilmiting
productivity
 

in some cases the situation may be

of extensive livestock production systems. 


Improved only through a change in public policy. 

Key words: 	 world grazinglands, world grain production, livestock
 

production, grain feeding, forage
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14-1-3 Estimation of Digestibility of Legume Forage
 
by Means of Morphological Parameters
 

W. Ktihlrallch 
University of Kassel, West Germany 

Forage quality usually is Pval nIated through tiIlle-consuming and 
costly laboratory analy;iy-s. Sys;tems would be desirable to estimate 
forage qual ity the With ;ingle crop itin fie ld. forages seems
 
promising to use orpl lo,1cal paramieters for forage quality eval
tiat ion. )uring progressiv, growth of white clover, red clover and
 
alfal fa the leaf and stemn portion was separated to determine the 
fiber fract ion accOr.dillg to %'allSont-; and digestibi ii ty through the 
procedura of 'Ti I Iy and Terry . SteIr'rrleaf ratio and stand height 
to replr-esent ; ter length we-re uisedl as morphological paraimeters. 

lT-, leaves of tl, tlree, leulles show very Ii ttle variat ion itt 
tie concent rat ion of col I wal I iTrteia I and inl igest ii hi lity wi thin 
cuts. 'ITe leaf-supportin, :terms of white clover in spite of ill
creasing cell wall concentrat ion kcep up yory high digestibility 
valties. As a result for thi; S 11pecit.no relations;hip of any prac
tical use turns out betweenii uorpiol y and food qtali ty. InI contrast 
to that in the- stem of trlI1-g,,rowir',-.;stLids of alfalf:a and red clover 
tire cell wall conlcentrnrt iml illc oas!; 0lont),with a decrease in di
;es t i lit v . S i ti Ii ca t In,,t iv, r I I i0H;h i pS wet, foundl )tweet 

Nt OnTrI Cn-nthtofo ;lud hwinjht and dig-st i bi it",,of both alfalfa and;r 

red lovr, Ill, r-v luws; b,-in 0.)95 and 0.80, respectively. lhose 
corr,-lat ion. ; w'r, !ii c lar too orbt; i ed betweenthose digestibility and 

etibo frrctioll'; Iccord ln' it, '., Sro t. 
lrtir, .n-rsr; ;siln le r111al ity of 

strsimy , tr I I-',row i rn, ,n;,'nrw ; ot Iknown; vr-i nt i n; I)ys i;rl;I,h IIoil-

Ill i it In to nat imrrt, the 
, 

clhr ical parisrtrn Sirnc w laf portioni .shows v.ry little vari. tih 

sitionl oi- Ii, cstibj lity it ,il I In- Srtftici,.r t tr COMIrltn the stemtn 
Iole ;thI as r I r d to (t ii Iit',, arid tine cor .-;r;ndri i. .t-m/I leaf rat io 
witl corrstrl I erf to evalurte totalt lu lity foond q iulity. Such a 
SYStnu~r IsrIilrt Ire Of i rrI( t~ i1 - tnt- f;Irrc St . 

ri,,r l eim 

Irr Ii rtr1 Jr ;,tI . I ll ifafM,,nd i Cargr x v.rit; artyn 
growth rnnn- m Inn;7, I i gn t i I i 1it y. 

K wit II;: wh it C r F olj i rejrerr:; L., red clover, Tri
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16- 1-4 Pennsylvania's,'Alfalfa.Growers Program: 

Four Years of Success
 

J. E. Baylor, L. E. Lanyon and W. K. Waters 
SPennsylvania State University, U.S.A. 

Alfalfa (Medicago sativa L.),is thle most important perennial 
forage legume grown in tilestate of Pennsylvania. However, yields 

~ currently reported by farmers are considerably below what might be 
-.expected when all production inputs are, utilized. Therefore, a
 

program was developed to (1) measure howimuch alfalfa hay, protein
 

and energy can be produced ion a ha of Pennsylvania land under non
and :uptake
irrigated conditions, (2) determine tie mineral content 

by high-yielding alfalfa crops, and (3) obtain more realistic on

--.the~farm- es Lim Les-,of- alfaIfaproic t o-csToaheetep
ra. ... hay.production for each harvest.l, from 2.02' ha farm fields
 

was estimated using a method developed specifically for this program,
 

Forage samples were taken at the same times and analyzed for quality
 

and mineral content. Cost of production estimates were compiled
 

from enterprise budgets prepared by each grower.
 

The average estimated yields for each of the four years of the " i21j 
t/ha (10% moisture) with the highprogram ranged from 12.3 to 13.0 


est yield approximately 2 times the lowest yield each year. The
 

highest estimated production-during the four years was-hay, 20.4
 

t/ha; crude protein, 3,898 kg/ha; and total digestible nutrients,
 

11,648 kg/ha.
 
Mineral analysis of the 
forage samples indicated significant
 

farm-to-farm and year-to-year variations in mineral content.
 
in the normally ex-
Nevertheless for the most part the values were 


pected range and virtually no relationship was found between mineral
 

Annual mineral uptake also showed considerable
content and yield. 

variation. For example, .Pand K uptake ranged from 22 to 72 and-
from 162 to 624 kg/ha, respectively. The average annual mineral
 

and 27 kg/ha,
uptake for P, K, Ca, Mg, and S was 41, 355, 147, 25, 


respectively,
 
Avernge estimated annual production costs compiled for the four 
 - -i 

years of the program increased from $429 to $656 per ha while tihe
 

average net return decreased from $401 to $302 per ha. The break

even yield during this period jumped from 6.3 to 8.3 t/ha, approx

imately 14% per year, emphasizing the need for optimum yields to
 

assure satisfactory returns. The major factors in the annual costs
 

of production were: machinery, 39%,; fertilizer and lime, 20%,;
 

labor, 17%; and land, 17%, Other production costs including seed,
 

spray materials, etc., totaled only 7%.
 

The Pennsylvania Alfalfa Growers Program has clearly shown the .
 

pote',tial for higher production and greater profitability for alfal

fa growers in the state through the application of proven production 
 -

practicca and the control of unnecessary production costs. 

Key words: 	 Alfalfa Growers Program, measuring yields, quality,
 

mineral uptake, annual production costs, profitability.
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14-2-1 Pasture 	Demonstration P'rogram for Beef:
 
Economiic Considerat ions
 

P. R. Ilasbargen, R. I1. Craven and N. 1P. Martin
 
University of Minnesota, U.S.A.
 

This study make S in economic evaluation of several alIternative 
pasture improvement programs on beef farms in northern Minnesota. 

Three queICStiOnS1 are addressed relative to several pasture improve
senit systems. These are (1) will it pay? (2) is; there a cheaper way? 
and (3) is ter a u:,ore profitable sy;temtl for a particular farm 
resource i tua t ion'! 'art-LaI budgoteiig and computer ized Iinear pro
graiminll(; techlifile s arC used to ailalv,'L pus tcre COst and return data 
obta ied from :;evera I rancies inl northern Mil[esOta . 

Stud'' rcstl Ls Show thaL reciteItd pastur-es, whell ava i Iable, hatve 
provided tLie UIeCIeLat so, re of feed; alld Ieg,UIm0addit-10ona;lSlliler 

pastus cliso provide, chial)Ur sour cus of StIllletr fed thlan fcrtilized 
blueg,rass iil Ort hero ?inlLea;ota. Ilowever, it" cropland is skiiLtahl 
tor growicig wheat that will zlvera'eL' over 21.5 quintal s/hectare or 
sunflowers that will yield over 1 IV, kg/hectare, bluegrass pasture 
should bD rtil, ized so to reI ease acreage for cash crop production.i aLs 
Also, ii ha. is ,ot available for purchse, or if hay prices juimp 
.. i~nif icacitilliver tic. pricc; tLhat lrevailed iil recent years (as they 
did Ifte r droiichti ; of 19-16 and 1980) , g.rass forti'ization becomes 

profitabIc. (.At t relat ivcly low ha/ prices usuallIy ireva i.iing 
iii n oc'tilt tt'in I'icicat i it, i; 1;re icI'Ofitable tio luy it aid feed 
aiip}ilti~l, cit c l t ur" c, :;hort )iasic ir'CeriOds 
blc rg:c t icit'. 

cc, i h i 	 tLhll to Lert i lize the 
lte ; ii 

If iid ifoot tlioil ca tlie ;iicc Issiilly c;ilcl islicd it cai 
1; rp witl c 	 Us ing 

average feeder iI it c it lL iccish i 11!;,L11 'IeLt ecc L'1) gllra 
was coIns iL;t cit I c co,,-ycar I icc1 with hclefr feeders o Id ic 
the spriii.,, IidCl I-I i;, steers s';old ic) tle fall . (How ver, when tLcc 
feeder price lrei'r: colt, thicrce uciciU IU arc ci couple yeiars when the 
cow-calf ir c :;cc irior.) 

comipete ' ci 1cr o al IfaI ilc nortliecII 'lhIcnrsOt. 

lIi :;ll [i ,'' ii Ip elel"; tlILt i ,'0; il ic 'CoiOIlTIC stiilidpoi t l iasture 
, 'iOI icit blliegracss'eniOliOlI i SilIt t i ageci I-I'Li~i;ic titOn Of 

plsitLrI'tC ill ar11t[[lIIc I'cin i HOWLJ e "lla );,;ttrC laintd tlcc cziI lie 
ls.td flr c ropliilcd mli ItIc Ic';t IW c'0 'CtttItL to otli21 crops iIld tilt' 

rc ciicii ; lcctii ci; 'litt tillcI 1w f'rtiI- iiet ill ordtl tic carry miore 

bcef caLttlIt--at Ica:t dini ' this ;ta t 0i th' ittl Ic c'cI . when 
rLtlII 0tict ' COn 1l1-1' ii'cL I i l Iy to c e alcove' iverat, . 

Key wo I'ds : cI KicC y lk';1 . r.;.; ( I'_ jcitL-(!is I . ) , ;m(otli broVICt rass 
(liriuc ; inscerci!; I,':s;.), citrog n, a, If'lf/i (Med jicjj9O 
sitivi I..), birdsfoot trefoil (l.oti cor-11nicilatIcs I..) 
beef paStlre systems. 
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~ 14-2-2 Economics of Renovating Mountain Hlay Meadows 

James J. Jacobs
 
University of Wyoming, U.S.A.
 

There are approximately .5 million hectares (ha) of irrigated 
'naLtVe grass hay in Lhe mountain and intermountain regions of' Cali

fornia, Oregon, Idaho, Utah, Nevada, Montana, Wyoming and Colorado, 
Much of these lands are not producing at their full physical or eco
nomic potential. There are management activities which land owners 
may use to increase hay yields on these meadows. Thle objectives of 
to increase 	hay production and to determine the economic feasibility
 

those al ternatives.
Tje-p rinc ipa - mens-of- -identifying- alternative-mountain-hay

imeadow improvement practices and their costs was personal interviews
 
with ranchers. The ranchers interviewed were owners and/or operators
 

Sof mountain ranches in Wyoming who were using or had used some meadow 
improvement practices. 'Another source of information was previous 
research on mountain hay meadow improvements and hay production. 

The interviews revealed different intensities of hay meadow
 
improvements. These intensities were: 1) farming, 2) farming and
 
structures, 3) farming, structure and leveling and 4) farming and
 
sprinklers, The primary difference between farming and other levels
 
of improvement was the expenditure on capital improvements.
 

To determine the economic feasibility of these alternative meadow 
improvement programs, the returns and costs associated with each level 
of meadow improvement were computed. By deducting the annual produc-
Lion and harvest costs from gross returns the net return per hectare 
wasobtained foreach of the intensities of meadow improvement. The 
annual net returns per hectare ranged from a low of $-140.05 to a 
high of $167.13. 

Using the net return per hectare and the initial capital invest
ment the economic feasibilIty and relatLve merit of each level of
 
meadow improvement was determined by discounting the stream of net re
turns to a common base year. The largest net present value was for
 
the farming 	 option, which was $580 per hectare using a 10 percent 
discount rate and 20 year time horizon. The lowest net return was for
 
the farming and sprinkler option with a negative $747 per hectare
 
using the same discount rate and time period." :
 

The ranch interviews revealed that farming and structures and
 
farming, structures and leveling were the most common levels of
 

meadow ifaprovement. The economic analysis indicated that these levels
 
of meadow improvements were economically feasible and provide inter
nal rates of return of just over 13 percent up to 28 percent.
 

Key words: 	 mountain hay meadows, meadow improvements, economics,
 
Western United States.
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14- 23 An Evaluation of the Black WalnutI/Tall Fescue' 
Pasture Management System 

11 E, Garr.tt and W. B. Kurtz 
U In U S.A.versty of Missouri 


The economic and biological feasibility of a tall fescue/black 
,~' ? walnut multicropping management regime has been evaluated for co-n 

parison with a similar livestock management regime conducted in the~ 
open. Research objectives were to evaluate the influence of walnut
 
trees on tall fescue forage production and to determine if the added 
revenues from 'black walnut productouwihheaddcssfmin 

clusono tres 	i th management system., _______ Pure. tall .fescue plots were etbihdundeo pe dbkc a. 

~nutshaaconitins. Forage yields on a dry weight basis were 
estimated for a three-year period. A concurrentgrazing trial was 
conducted on similar sites using 1.2 ha plots. Black walnut seedlings" 
were planted within the plots on a 3 by 12 m spacing and protected
from grazing animals by electric fencing. Under "he multicropping 
system, returns would be received over the rotation from the sale of 
nuts, sawtimber and finally veneer quality wood, in addition to annual 
livestock receipts. Tile economic analyses of the' alternate grazing
systems were based on their respective present net worths and internal 
rates of return over a 60-year. rotation. 

The livestock grazing system on tall fescue pasture planted under 
widely spaced black walnut trees yielded over sixfold greater present 

net worth than the comparable system in the open. It was found that
tall fescue production under thle canopy provided by black walnut trees 
was somewhat greater than in tne open. Increased yield was alsoac 
companied by increased percentage digestibility. 

The growth of tall fescue pasture and black walnut under managed
conditions is both biologically feasible and economically sound. This. 

management has important implications relative to economic gains from 
improvement of permanent pastures by dampening the effects of fluctu
ating livestock prices through the stability of a long-term investment 
such as the timber resource. 

Key words: 	 black walnut, Juln nigra L. tall fescue, Festuca arundinacea 
Schreb., multicropping. 
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14-2-4 Contribution of White Clove r to the Economics and
 

Energy Requi rmentl:; of Crass-Ba;ed tBeef
 

Production SysLem:; in the United Kingdom 

Thomtats Andrew Stewart
 

Greenmount Agricultt;ral and lortlicultural Collelge, Northern Ireland
 

Approxilately one quarter of ti., total 'nerly consumed by UK 

,griculture if; used in 	 plrodcnicog iIirganic fort. ilisors, particularly 

of enehrgy c lnt i ilue; to rise, alternativ e tystetis,nitrogen. AS tihe cost 
based on low"r ilop t:; ;t11anthe of' c tive iti Li;ation of Ietguines , mtay 

betcoielt incr,-a;i;ly important. 
The fir11 sciale project reported her-, was designod to eVa[llate 

the 1o7le of whiit' clover ill g',rass swards for bee-f product ion and to 

cotar' th,' physic:a anid ',collonic onItlit of silich :i bee'f sySteln with 

that from ai s;imi lar systems receiving,, Ili ih inputs of N firt il iser. TIIe 

cIl , r y ;i Of two Wis j iSO Compared .It i I ;:t i o the ;y;tens 

A 15 1l ar,-a wa.; sei; ,dei to an 52i pirii iaI ryegr:s /ll I ca wIi te 

clve r mi:xt i 1970 two s with cont.rasting ;o i I types . Theire Ii at s;i t 

area at ,ach location was then subdivided into two 7.5 lii blocks which 

mr in s imilar mnner except for tle level of N input. Onemanagcd a 

blockIr!c,,iv 5i0 I/I/ha in teiL,-spring only and re lid on whiit clover 

for i t; N rqu i r-mnt s fr " thor roo;t of tlet;,s;-mn (low N !;ystemn). The 

other block rceivd M () k, /ha spreal over thte growing .;t,;!;on (i igh 

': i L). er"Itae1 froms hoth block:; was ; utiliSed by ;iltillill born 

l'ii,;i in s;te',l-s wlich werI- it lredticd to tlh ytems; in April we i gh i ng 

aIpproxi tm.'ly 2( kg . EaIclh unit ,raze.d thb' animals from April to end 

of OcLbo and alsoiri prodluced tinotlih si ig', t ) fatten the animl Is at 

Ois of St OCki i. chosen lie likely-OI IS age, mit;':; w i' to Iiatch 

outLpOt Irot; y:;tI I. ) all i'aIs/ha low N 

al ma I/hi IThlil N r:ir il. heasUt-,, ulit,; L;11,1i ovet the past 3 pro

,hiict ion cycler; couf iiri I that both groups hav, ;itil r atounts of 

Iic-i"ip' on of fr during; III,- gra/ ugsn ;n. 

-lit~' .; i t f tb-ht clovr jillill;jllt !;W 1-(l; proved to be 1o0 Mnre 

s'acl --	 Oi area and 4.5 

(it ficilIt tian slin:ateisent of th hil h 1 swards and no disorders, such 

,a h;loot, w . ct-i- c IulLoiri-hd oVell though the clev i colitel t at tilnes 

reichd 0' Of the total li~rl. dry matl . I,Iividul aninal per

formmoe wo; cot; i:; t'itIy inproved by itpproximttately 01.I kg/iIay on the 

clover !,wards, r,-slltitiIg in heavier carcass!; at s laughter. Ilowve r 

bt.-calv;i I-i' low 1 sy:;tem c::t-ried f,-wr stock it produced less heef 

p1 r Ii,cl ia-, that tilto hii-'h N !;%;t,'II (:I I-year aiercig' of 530 kg live

wiilht ahli from th, low N o: ctopired with 9 90( kg/h from the 

higi rl In currint IT ,,coit ic tirms the t..r output from the 

low c oe r f.,'t. tt can t- i:trt- re rof it al tI;l the inore in to liv 

hig,hl N s;st-ti ill c'rtoiin cireuvvi;lanc,',;. In tins of the ratio of 

etirg',' i ITpiI Lo o-'m'r;y output , the low N systtim w:x; 5(C moreetfficient 

thli thel h N :;y;teml I'to . ; 1tuit'I';Lt legitie,;, s uch asi . r ;it I ttat 


whiiteo clover, culd Ii ivt a1 pousitiv, l' .: to play iii future UK beef
 

production 	 sys; t,:tm. 

Key words : ie. f product ion, igl.o's, ni trogen fertil ization 

,n.-rgy roqtilreto:mltet . 
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14-3-1 Efficiency of Dairying Under Contrasting Feeding
 
and Mlanagement Systems in North America,
 

Israel, Europe and New Zeal and 

J. 1). J. Scott
 
Ruakura Agricultural i Res ,rch Cuntir,, New Zealand
 

Fouir different systems of feeding and managing dairy cattle are 
seen in major milk producing countries. These are : feeding purchased 
roughages and concentrates to zero-grazed intensi vely-penned cows 
(FI'ZG); home growing of roughages and most concentrates for zero 
grazed animals (1tt;ZG); feeding concentrates with con:;erved pasture and 
other rolghaes illwinter and reduced concentrates to grazed cattle in 
spri ng/summer (' .C); feeding cattle on grazed pasture and conserved 
pasture throughout the y(ar (1). The following data on the 1PiG,
tG", P + C and 11were obtained from the systems as practised in 
southern C( 	i',fon'ia, Wisconsin, nliland/Wales and N.-. 

Average F(U/cow is approximately 71,10, 5300, 4670 and 3,175 kg;
output/ha -1700-10000, .1-100-5300, 5200-5800 and 7000 C FCM; and hours/ 
cow 00, 70, .18 and 30 for the FeZ(;, 11(7, I' + C and P systems res
pect i ve ly. In energy output/input, tile P system is probably 3-4 times 
as efficient as any of the others. 

Milk production costs in N..-.e only about 10% of those in the 
U.S. and U.K. and it was calculated that dairy products from N.Z. 
could be landed in the U.S. at about two-thi rds the cost of locally 
manufactured products. Much higher costs are incurred by countries 
such as Israel and Japan which have to import feed and foe]. 

le protection of local dairy industries from competitive imports 
is leading to the need for subsidies, quotas on production and a 
reduction in milk consumption, and to a decline ir the production of 
dairy products from temperate grasslands. 

Key words: 	 efficiency, feeds, dairy, North America, Israel, 
Europe, New Zealand. 
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Impact on Energy Budgets in Grassland Production
14-3-2 

and Conservation of the Possible Production
 

of Energy from Biomass Crops
 

R. J. Wilkins
 

The Grassland Research Institute, U.K.
 

There is commonly a conflict between output per unit area of 

land and output per unit of support energy (SE) input. The possibi

lity of using a proportion of the total land area for biomass energy 

production suggests an approach for calculating grassland outputs 

per ha unconfounded with differences in SE input. Output can be 

calculated for an area of land which is devoted to grassland and 

biomass energy crops in proportions that result in a net demand for 

SE of zero. 

Outputs of utilized metabolizable energy (UME) are related to 

inputs of SE for (i) grazed grass with high applications of nitrogen 

(N) fortilizer in comparison with grass-white clover without N
 

fertilizer and (ii) the conservation of grass by different methods.
 

SE inputs in fuel, fertilizers, technical chemicals and in the
 

manufacture and maintenance of machinery and buildings are calculated.
 

The biomass crop considered is a short-rotation forest (SRF) giving
 

a yield of 12.5 t D/ha and a net SE output of 195.3 GJ/ha.
 

For grass with N and grass-clover, the annual SE inputs are 

calculated as 33 and 2 GJ/ha respectively giving UME outputs of 102 

and 78 GJ per ha and UNE output:SE input ratios of 3.1 and 37.1 

respectively. The area of SRF required would be 0.17 and 0.01 ha 

per ha grassland respectively. The UME outputs per ha total land 

area (grassland + SRi) then become 87 and 77 for grass with high N 

and grass-clover respectively. 

A single cut of grass of 5 t DN per ha is considered to be 

conserved as silage, field-cured hay or barn-dried hay. The energy 

inputs for prodtiction and conservation are 17, 12 and 25 GJ/ha 

respectively to give UJNE outputs of 40, 30 and 39 GJ/ha and UME 

output to SE input ratios of 2.3, 2.6 and 1.6 respectively. lowever, 

when adjusted for the required area of SRF, the UME outputs become 

37, 28 and 35 .I/ha for silage, field-cured hay and barn-dried hay 

respect ively. 

These calculations sijlest that the adoption of grassland 

systems with a high ratio for INE output:SE input may not improve 

land use when the requirements both for animal feed and SE are 

considered. If levels of UE output per ha are low, then the area 

of land required for animal feed Production will be high. More 

intensiye production systems using a smaller land area coupled with 

biomass energy production on the remaining area, may be the most 

appropriate strategy. 

Key words: 	 grasslanu production, grass, legume, grazing, silage, 

hay, support energy, biomass, short-rotation forestry. 
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14-3-3 Economic Analysis of the Impact of 
Management Decisions on the Production and 

Use of Silage for a Dairy Enterprise 

A. J. Corrall, Heather 1). St. C. Neal, and J. II. Wilkinson 
The Grassland Institute, U.K. 

The aim of this work was to examine the influence of variations
in grass management and methods of ensiling on 
the economics of milk

production from autumn-calving cows.
 

A simulation model 
was developed to combine knowledge of plant
and animal responses and their interactions in order to calculatethe effects of management options on economic balances. 
 Input data
 were compiled for herbage production from cutting strategies which
gave herbage at four digestibilities, at 
two levels of applied

nitrogen and in 
three climates. Experimental evidence was also
collated to construct matrices of 
loss of dry matter and changes in
digestibility and intake when herbage of different qualities is
ensiled using any combination of 
the following options at harvest:
flail or precision-chop harvester, wilting in the field or not, and
using additive or not. 
 The model 
combines the .herbage production
data with the matrices for ensiling method to give values for 
the
yield and quality of silage produced by each management option (192
combinations in all). 
 A feeding programme establishes for each
silage the total requirements for silage and supplements of barley
and soya bean meal for cows achieving potential yield, maximising
silage use and minimising the cost 
of supplements. Margins are
calculated for the 
value of milk minus the 
cost of supplements and
silage in each option. Costs cover any 
items which vary between
 
options.
 

When herbage yields appropriate to conditions in the U.K. wereused in the model with costs and values current in the 1979/80season, significantly greater margins resulted from 350 kg of N perha than from 150 kg. In comparing cutting strategies the highestmargins per cow were often associated with 
the use of herbage cut
at 66.5 D value (Digestible organic matter as 
a percentage of the
dry matter) while 
on 
the other hand the highest margin per ha of
 grass came 
from 61.5 D value. When 
these margins were expressed
per ha of grass plu" land for 
the barley used as 
supplement, the
optimum value for digestibility again 
rose to 66.5 or 
64 D. The
effect of digestibility at cutting was less at 
the high level of
applied nitrogen than at the low level. 
The modcl 
enabled factors with critical financial impact 
to be
identified for 
a particular economic environment. 
 It is of value
In considering national 
strategies, in influencing the direction offuture research and in the analysis of problems on a particular
 

farm.
 

Key words: 
simulation model, economic balances, herbage production,

ensilage, digestibility, manuring, dairy cows, perennial
 
ryegrass, Loliumperenne.
 

471
 



14-3-4 Machinery Select ion and Management
 
for Forage larvesting Systems
 

R. C. Brook and 11. Savoie 

Michigan State University, U.S.A. 

Dairy and beef nerdsmen must remain competitiv' in times of in

their Il, d for grain and
creasing grain demand. They could reduce 

producing high gnul ity ford-irs. Good har
oil-cake supplements by 

play an important r( it: in maintaining
vesting and 	 storage practices 

forage quality.
 
Pet artment of Michigan

Research at the Agricultural Engineerinq 
years focutsed en computer

State University over the last two has; 

modeling of forage harvesting operations and on field studies re

lo:;ses of hty under various machinery
lated to drying 	 and dry matter 

management sequelces. 
farm .izcc and forage crop rotation, the computer

For a given 
the lumler aind sie of Machine!-e fc. forage zarvesting,model selects 

The nodel hr been helpful
and handling on 	 the farmstead.transport 


technologies available for forage

in ascessing the large number of 


a].so pointed the where
out areas
harvesting and handling. It has 


weather analysi; to locate periods of
 
further knowledge is required: 

time for machines 
consecutive dry 	days and improve field drying cycle 

harvest treatment 
ouch a; bale and forage unloaders; the offect of 

and Ltiragefeedingand losses. 
we re done in the Upperof harvustinq 

1 )U. relatively 
Field experiments alfalfa 

summer of Under a 
Peninsula of Michigan during th 

n c ,
 

coo1 and wet climate, various machineri equel ,r
' compared as 

dry hayrate and dry matter l0: ;e, Making
they aiffected dryiog 


first cut s.eeLe(d very difficult be can ;e of Slow
during the June 
t tLhe end of July,

and a risk rain. The second cut,drying high of 


appeared is mar, favorable for hay making although th' re still re

maimed !;coU ris;k of goual ity deteriorlt ion due to rainfill.
 
swath

Leaving freshly 	mowe-d, well-conditiomied alfalfa in a wide 

two dlays later all eared as the best machinery
and rakinig it one or 

climate. Such a trt-attment had till fastest drying
Se(i1,Oce it 	 a humid 

and could i;ave one or more day; ,ff field curing compared with
 
rate 

dry matter o55;. due to
 
alfalfa wirdrowed at mowing time. Extra 


to 3 or ,'1 of total dry

severe conditioiinq ind rak ing imounte-d UjI 


matter yield. Reducing fiehtixposiire time and the risk of having
 

iul 1ity hay might wtl compensate these
weaathlr-bieat!n , les;e-r 


reolativelyP 
 small yied 	 los;es. 

selection,Key words: 	 harvesting, machlinery managem,'nt , machinery 


hay making.
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