
TAXONOMY AND MANAGEMENT OF VERTISOLS AND ARIDISOLS 

PROCEEDINGS OF 

FIFTH INTERNATIONAL
 
SOIL CLASSIFICATION
 

WORKSHOP 

SUDAN 
2 to 11 November 1982 

PART I: PAPERS 

SOIL SURVEY ADMINISTRATION
 
KHARTOUM, SUDAN
 

1985 



Copies of this publication may be obtained from:
 

Director Program Leader
 
Soil Survey Administration Soil Management Support Services
 
Ministry of Agriculture and USDA-Soil Conservation Service
 

Irrigation P.O. Box 2890
 
P.O. Box 388 Washington, D.C. 20013
 
Wad Medani, SUDAN USA
 



CONTENTS
 

Preface 


PERSPECTIVES
 

Constraints t3 agricultural development 

arid regions of the world 

L.D. Swindale
 

vii
 

in the tropical arid and semi
1
 

Soil classification, soil survey and agricultural development 15
 

W.M. Johison
 

Combatting desertification in the Arab countries 23
 

A. Osman 

SOIL CLIMATIC REGIMES
 

Calculated soil climAte regimes of the Yemen Arab Republic 27
 

R. Stuart, J. King and A. Ian Wambeke
 

37
Refinement of taxa based on soil moisture regimes 

R.L. Guthrie
 

A quest for an alternative to the use of soil moisture regimes at
 

high cqtcgoric levels in Soil Taxonomy 39
 

W.G. Som:,roek
 

GENERAL ASPECTS OF VERTISOLS
 

47
Genesis of Vertisols 

L.P. Wilding
 

Vertisols in the collection of the International Soil Museum and
 

some suggestions on classification 63
 

J.11.V. van Baron and W.G. Sombroek 

Relationships between Vertisols and lengths of cgrowing period in the
 
69
developing countries 


M.F. Purnell 

Application of geostatistics for soil survey and land evaluation 77 

B.B. Trangmar, U. Singh, R.S. Yost, and C. Uehara 

Application of pedology to plant response prediction fol tropical 
97
Vertisols 


R.B. Grossman, W.D. NettLeton and B.R. Brasher 

III
 



VERTISOLS OF THE AMERICAS, AUSTRALIA AND ASIA
 
Distribution and classification of the Vertisolh of the U.S. 
 117


R.L. Guthrie and J.D. Nichols
 

The Vertisols of Hawaii 

125
 

U. Ikawa
 

Acid Vertisols of Trinidad 

141
 

N. Ahmed
 

Vertisols of Venezuela 

153
 

J.A. Comerma
 

The Vertisols of Chile 

163
 

W. Luzio L.
 

Vertisols of Australia 

173
 

J.W. McGarity
 

The Vertisols of Thailand 

191 

P. Vijarnsorn
 

Vertisols and associated soils of India 
- Distribution, morphology,chemistry, and taxonomy 

205
 

R.S. Murthy, J.C. Bhattacnarjee and R.J. Landey
 

SPECIAL PROPERTIES OF ARIDISOLS AND VERTISOLS
 
Mineralogy of Aridisols and Vertisols 
 221
 

B.F. Hajek
 

Relationships between morphological properties and drainage in

Vertisols 


231
 
W.A. Blokhuis
 

The water/air regime of swelling/shrinking soils 
 243
 
E. Schlichting
 

Assessment of soil salinity and alkalinity 
 253
 
I. Szabolcs
 

Ustollic, xerollic and borollic subgroups of Aridisols 263
 
K.W. Flach, W.D. Nettleton and J.D. Nichols
 

The hypercalciz horizon 

265
 

R. Tavernjlr and M. Ilaiwi
 

Diagnostic horizons of carbonate and gypsum accumulations 
 269
 
J.E. Witty
 

Iv 



MANAGEMENT OF VERTISOLS
 

Improved management system for Vertisols in India 275
 

J.R. Burford and K.L. Sahrawat
 

Soil fertility management in relation to agricultural producuivity
 
in Vertisols of India 
 285
 

A.S.P. Murthy, D.P. Viswanath and M.N. Sheelavantar
 

Mangement of Vertisols for rain'ed crop production in the Sudan 317
 

M.A. Mahmoud
 

Groundnut production in irrigated Vertisols of the Gezira - Achieve
ments and problems 323
 

H.M. Ishag and M.B. Said
 

MANAGEMENT OF ARIDISOLS
 

Properties and management of Aridisols - A general appraisal 331
 
H. Lueken and F. Grueneberg
 

Management of Aridisols in the Sudan 367
 
M.O.H. Elkarouri
 

The management of the soils of the Nile Valley 369
 

H. )amndi, R. Tinsley and A. Taher
 

The relationship between soil classification and native plant
 

producticn and composition on Aridisols and related soils 383
 
D.T. Pendleton and T.N. Shiftlet
 

INTERNATIONAL ACTIVITIES
 

The International Benchmark Sites Network for Agrotechnology Transfer 397
 

F.H. Beinroth, C.A. Jones and G. Uehara
 

Laboratory methods and data exchange program for soil characterization
 

(LABEX) 
 407
 

L.P. van Reeuwijk and W.G. Sombroek
 

Proposed procedure-; for updating Soil Taxonomy 423
 
K.W. Flach
 

427
RESOLUTIONS AND RECOMMENDATIONS 


APPENDIX
 

431
Workshop program 


List of participants 441 

V 



COMMITTEES
 

STEERING COMMITTEE
 

H.H. Abdulla 


M.A. Ali 


F.H. Beinroth, chairman 


H. Eswaran 


A. Osman 


HOST ORGANIZING COMMITTEE
 

H.H. Abdulla, chairman 


I.M. Buraymah 


H.A Dawoud 


A.K. El Obeid 


H.M. Fadul 


A.I. El Fadul 


A.M. El Obeid 


O.A.A. Fadul 


G.S. Gumma 


N.M. Mousa 


N.O. Mukhtar 


M.A. Mustafa 


SSA
 

Eastern Region/SG
 

UPR
 

SMSS/SCS/USDA
 

ACSAD
 

SSA
 

SSA
 

SSA
 

SSA
 

SSA
 

SC
 

USAID/Khartoum
 

UG
 

NRC
 

SSSS
 

ARC
 

UK
 

V1
 



PREFACE
 

Since 1975 the Soil Conservation Service of the U.S. Department of 
Agriculture has established five international committees to critically 
evaluate and redefine the taxa and definitions of the U.S. system of soil 
classification, Soil Taxonomy, for soils of the lower latitudes. 

in order to provide a forum for discussion of the issues under study
 
by the various committees and to allow the examination of key examples 
of the soils under consideration in the field, the university of Puerto 
Rico initiated and helped to organize a series of international soil classifi
cation workshops. In close collaboration with host country institutions, 
previous workshops were held in Brazil in 1977, Malaysia and Thailand in 
197P, Syria and Lebanon in 1980, and in Rwanda in 1981. These workshops
de.it with the classification of Alfisols and Ultisols with low activity 
clays, Oxisols, Ardisols, and high-altitude soils of the tropics,
 
respectively. A sixth workshop was subsequently held in Chile and Ecuador 
in 1984 and focused on the taxonomy and management of Andisols.
 

The first three workshops were largely funded by the U.S. Agency for 
International )evelopment (All)) through grants to the University of Puerto 
Rico. Beginning with lhe Rwanda workshop, a new AI)-sponsored program
of the U.S. Depart ment of Agriculttare Soil Conservation Service, the Soil 
Management Support. Services (SMSS ), provided most of the funds, in part 
through grants to tlie University of Puerco Rico. 

The Fi fth Internat ional Soil CIassi ficat ion Workshop held in the Sudan 
from 2 to I I Novembe r 1982 thus Io rmed part of a comp rhns i ve t ransna t iona I 
effort L bet tfv.r adapt Sol1 Taxonomy i o t he edaphic condi Lions of the tropics 
and subtropics. It addressed tHie classification and management of Vertisols 
and Aridisols in general and the mandates of the international committees 
on the c lassit icaL ion of Vvrr i sol s (ICOMERT) and Aridisols (ICOMII)) in 
part iiu ar. 

The Sudan w%'rkshop was a joint. endeavor of tLhe Soil Survey Administration 
of the M1ini stry of Agriculture and Irrigaftion of tlie Sudan, thIto Soil Manage
ment Support .erviccs, the Arab Center for Ihe Studies of Arid Zones and 
Dry Lands (ACSAIt), the inivvrsit y of Puerto Rico, and "v It .S. Agency ior 
International lvt Iopmront . 
by AID through SMHS , ACSAD, 

Major funding Ito" 
aid the governme'nt 

the 
of 

workshop was 
iHie lh'moc rat it: 

provided 
Republ ic 

of the Sudan. 

Ti'he Stidiits ;,il scient ists comtprisod in tH Iocal organizing commilttee 
under the able si t, l r. lI,, san Itag Abdul a, I)i rector of lit Soi l 
Survey AdminiSt rat , (SSA), must bt highl y commended for It'h txci'I l ent 
logistic and technH, p of thi' workshop. Appreciation is exr[arat ion 
pressed to Mr. Molinmd A. Ali, former Director of SSA, or lis early support 
of the workshop aitt Lh,' wi lingiiess "I SSA t o assume the responsibilit ies 
of the host inst i tt iii. IN' t t lct iv assist.anci provided by the USAID 
Mission in Khartoum, cspc ially by its Agricultural ")evelopmet Officer, 
Mr. Eric N. Witt, is gratefully acknowlidged. 
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The compilation of the proceedings was a joint effort 
of the Univk'rsity

of Puerto Rico and SMSS. Mrs. 
Sheila A. Oltz, the managing editor, performed
the compLex task of editing the technical papers with diligence and compe
tence. USAID/Khartoum 
kindly provided complete financial support for the
 
printing of the proceedings.
 

Part 1 of the proceedings contains the 
papers presented at the workshop;part 11 provides reference backgrout.d on the field excursions and includescomplete descriptive and analytical data for 
 the study pedons supplied
by the Natioual Soil Survey Laboratory of the USDA Soil Conservation Service.
The proceedings thus constitute an 
 up-to-date reference publication on
the classification 
 and characteristics of some important Vertisols 
 and
 
Aridisols of the tropics.
 

F. H. Beinroth 
 H. Eswaran

Department of Agronomy and Soils 
 Soil Management Support Services

College of Agricultural Sciences 
 Soil Conservation Service

University of Puerto Rico 
 U.S. Department of Agriculture
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CONSTRAINTS TO AGRICULTURAL DEVELOPMENT IN THE TROPICAL ARID AND
 

SEMI-ARID REGIONS OF THE WORLD
 

L.D. Swindaie
 

ABSTRACT
 

The arid and semi-arid tropical regions cover more than one-third of 
the earth's surface; more than 60 countries have significant arid or semi
arid areas. Southern Asia and Africa immediately south of the Sahara are 
tropical arid and semi-arid areas comprising low income countries which col
lectively illustrate all the constraints to agricultural development.
 

Climate is the ultimate constraint and determines the potential for 
agriculture. Arid climates are only suited to crop production wit.h irriga
tion. Poor soils can retard or constrain agricultural development. Physical 
characteristics of soils are more likely to be constraints than chemical 

characteristics. 

The nature of exisrt ing agriculture in Southern Asia and Africa immedi
at ely south of the Sahara and prospects for progress in agricultural develop
ment are described. In bot:h areas, small and poorly endowed farmers predomi
nate and are the key to progress. Structural and institutional const:raints 
are severe in the African area considered; sociocultural conditions and 
absolute poverty are severe constraints in Southern Asia. Increased irr iga
t ion is possinle in Southern Asia, and bt_ter use of land is needed in both 
areas. Improved agricultural I chnology, meaning input-responsive varieties 
and improved soil and wateor management, are essential to development in both 
areas. Agrictlt-ural research and services must be expanded. Only improved 
technology can force rates of growt-h sufficient to pay for improved services, 
ensure increased returns on labor , allow improved soil conservation, and 
sustain growth in ot her dependent, economic sectors. 

INTROI)UCTION 

The semi-arid and arid regions of the world cover more than one-third 
of the earth's surface; more than 60 countries have significant semi-arid 
and arid areas within their boundaries. The United States, according to 
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less constant from year to year. Small 
negative deviations in precipitation,

either from monthly or annual 
norms, are all that are required to initiate

drought 
 in these regions. For the semi-arid regions, moderate 
or worse
 
droughts mniy occur 
one year in four; for the arid regions, they are normally

more frequent. In almost 
every year in the rainy season there is a period
 
of several weeks without rain.
 

In most years, the rainy season in the semi-arid regions is long enough

for annual crops to grow. 
 The cropping season usually exceeds 90 days.

Indeed there is usually excess water 
in the rainy season, some of which can

be stored in the 
soil, but most of which runs 
off and causes erosion. In

the arid regions, the rainy 
season is generally too short for annual crops,

but even here, intense rainfall and erosion occur. Management of land, crops,

and livestock is intimately associated with 
the inflow and outflow of water.
 

DISTRIBUTION OF SOILS
 

The distribut-ion of arable soils in semi-arid tropical regions has been
reviewed recently by 
Swindale (1982). Virtually all the soils in this region
have ustic soil moisture regimes and hypor"hermic. or isohyperthermic soil
temporatures. Relief is generally subdued. Alfisols, somelitrnes quite sandy,
Oxisols and Vertisols are threetile most important soil orders. Entisols 
occur in ie floodplains oif current and fossil riv:rs. Inceptisols occur
in association witi t-he riverrine soils moreoin stable terraces and where
soil depth has been insufficient to allow full profile development of more
 
mature soils. llydromorphic soils are 
 abundant. throughout. Salt-affected
Soils OCCur in assoc iation wit h ot her soi Is and in large area.1s il depressions,

floodplains, and swampy areas.
 

Aridisols and Entiso ls, andl somie Alfisols, Vert.isols, and Oxisols occur
in arid tropical regions. Salt-afecied, calcareous , and gypsiferous soils
 
are common. Text ures os I 
 :'i ils other than Vert isols are general ly .andy. 

In Southern Asia and Ihe Saht I there are few Oxisols. The soils of
Southern Asia generally have finer lexturts, miore silt, more 2:1 clays and
higher exchange capacit i1,.sthin those of Salie I .tie Riverine plains withl

associated tiI'-texturd Incept isols 
 arv more commotn in Southern Asia. tliIs

and mounta ins ire, aliso mort, commo,, port.ictlarly o1 .he northern at-id fringe

of tile subcont inent .
 l(- arid region of the Sahel , with its associated
Aridisols and sindy i'titis( l s is much more extensive than in Asia. Slopes 
are moore go'titI e 

Pa illncho ro ser ito 

Th(, red ;ilii] bllck soil s oh ICRISAT are reasotnably rvpresentat ive bench
marks of sotmi-irid zone soi Is it) Sootulieri Asia ((A. Mutlly it al., 1982).
Patancheru series is i temntber of the clayey-skiletal, mixed, isohypertlhermic
family of (lidc RhodustAlfs. Patinclieru soils hive slighltly acid loamy sand 
to sandy looim A hurizo01;, (iv(1r nvuttral Ito mildly alkaline sandy clay loam 
to sandy II l B I h ir zons, over Wot.lhered grani to u ;,lt . Mean atnnual rIin
fillI is 760 tttn. I nd capibility class is Ills and irrigation sub-class 3s. 

4
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Dior soils are associated with sandy Alfisols occurring generally in
 
areas with somewhat higher rainfall and with Torripsamments and Aridisols
 
to the north. Crop yields decrease from south to north. Although lack of
 
water is a major constraint, Penning de Vries and his colleagues (cf Penning
 
de Vries and Djiteye, 1982) believe that during thr. rainy season nutrients
 
rather than water arL the major constraints to the production of adapted
 
and well-suited vegetation.
 

SOCIO-ECONOMIC CONSTRAINTIF IN SOUTHERN ASIA
 

Poverty
 

The farmers of Southern Asia generally live in caste-dominate6 villages
 
in families that usually include dependent parents, brothers, and sisters.
 
Standards of living are low and literacy rates are generally below national
 
averages. Malnutrition and poor health are widespread, but life expectancy
 
has risen substantially in recent years.
 

Povery is endemic. Most of the rural populations anu more than half
 
the total populations of India and Pakistan live in absolute poverty (World
 
Bank, 1q78). Similar proportions of people in poverty occur in the neigh
boring countries of Bangladesh, a humid subtropical country, and Indonesia,
 
a humid tropical country. Thus, the phenomenon of absolute poverty cannot
 
be equated with arid and semi-arid climates. The reasons are partly historic
 
and partly the result of very slow growth in agriculture.
 

Farm size 

Virtually all farmers are small farmers. The resource base and endow
ments of these farmers have been described by lyan (1974), Judha et al. (1977) 
and Jodha (1980). More than 90% of the holdings they surveyed were less
 
than 12 ha in size and 70% were less than 8 ha. The land was usually held
 
in four to five separate fields. The size of holdings tended to be inversely
 
related o rainfall or access to irrigation.
 

Investments were low. Fertilizers, agricultural chemicals, and improved
 
seeds were used only on land that could be irrigated. There was usually
 
one draft bullock per farm and a total investment of less than $150 on farm
 
implements and machinery. Although only 4% of the arable land was irrigated,
 
50% of the farmers had access to a source of water for minor or supplemental
 
irrigation.
 

Crops
 

Sorghum and pearl millet are the major rainfed cereal crops in Southern
 
Asia. All arable land in the semi-arid region is cropped at least once per
 
year, i.e. the cropping intensity is at least 100%. Even arid-zone soils
 
with only 250 mm annual rainfall may be cropped five years in ten. Where
 
there is access to irrigation, the cropping intensity is greater, but nowhere
 
seems to exceed 120%. Nearly 18 million ha, or 24% of the net sown area
 

*1
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Growth rates
 

Annual growth rates in agricultural production of 3-4% sustained over
 

several decades are needed to bring about substantial reductions in poverty,
 

and significant agricultural development. The growth rates required may
 

appear modest until it is realized that historical growth rates in both India
 

and Pakistan, and indeed in the United States, average out to less than 2%
 

per year. Substantial improvements in technology and removal of many of
 

the constraints will be needed to bring about required increases in annual
 

growth rates. Marginal increases through minor modifications of existing 

technologies and systems of agriculture are not enough (Schultz, 1963). 

They cannot pay for the increased services required to support the small 

farmer, cannot force increased returns to labor or increased employment and 

will not allow improved conservation measures to be installed. They cannot 

sustain development of agricultural or of other, dependent economic sectors.
 

SOCIO-ECONOMIC CONSTRAINTS IN TIE SAHEL
 

Community structure
 

Traditional "vil lages in semi-arid West Africa have a strong sense of 

community and often a hierarchical system of control. Family units are large 

and often contain several related adult males and 10-20 people, but nuclear 

family units comprising a single adult male and his dependents are in

creasing. Standards of living are low and lood production is declining. 

Because populat ion groWth is high, thi pressures oil land are increasing. 

suh sistence farming is much more common here than in Sout:hern Asia. 
Much of the land is owned communally, but. worked by family units which have 

usufrucroary rilits to is many as 1(0 ceparate, small fields of soils of vary

ing qualily arol nd t-he village. The range in size of holdings is similar 

to that in India, ;and t-he mait, cereal crops are, again, sorghum and pearl 

millet (Ncwman el il., 1080). 

Technology 

Fertilizers and improved seeds ire hardly known and seldom used, but 

animal manure is used on the fields nearest the village. The use of animal 

traction is not common but is increasing. Donkeys are the usual source of 

animal power when it- is used, except in Mal i where oxen are fairly common. 

Because the power avnilable is low, sol Is are seldom ploughed; al I agricul

tural operit ions ate t.ime consuming. Virtlially all farm operations are labor 
intensive -- and labor i:; ill sho-t sIpIly. 

Fal lowing and i used to 1'e LUrn fort. i I i t. y to the 

Cropping int ensit.ies oin commonly used land seldom exceed 75/. except: for the 

land closest to the village which is used to grow the most important staple 

cereals. Land far Itrm the village may be cropped only one year in four. 

lntercropping is common, ii:;iil IIy of cereals with cereals or cereals with 

cowpea. Cash crops such as groundnut, bambara nut, and sorre I are grown 

burning are some soil. 

on small fields as sole crops.
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The countries immediately south of the Sahara are 80% or more arid and 
semi-arid. They are poor countries 
of a predominantly rural character with
 
more than one-third of their total population living in absolute poverty

and with a critical shortage of well-trained people at every level. 
 Rates
 
of population growth are high, and 
good production per capita is declining
 
(World Bank, 1978).
 

These are young countries which have not yet outgrown their colonial 
past. There is little industry. Exports are mainly of primary commodities 
in low world demand. The contrast between Africa and Southern Asia is shown 
in Table 1. Policy formacion and planning for development are not yet well
 
developed. Currencies are overvalued and art:ificially supported. The wage
and salary structure is still designed to fill the governmental and service 
jobs required by a colonial administration.
 

Table 1. Developing countries: 
 Product composition of non-fuel exports, 1975.
 

Food & Non-food Metals & Manu-
 Total
 
Beverages Agriculture Minerals factures
 

- - - - - - - - - - - - - - - - - - - - - - - - - - -.. % - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --..
 

Sub-Saharan
 
Africa 52 13 
 26 9 1.00 

Low Income
 

Asia 32 
 17 
 9 42 100
 

All
 
Developing
 
Countries 36 9 
 12 
 43 100
 

Taken from World Development Report, 1978.
 

It is essential that agricultural production be increased. The primary
needs are for improved agricultural technology, incentives farmers,to better 
services of extension, credit and regulated markets (UISDA, 1980). 

Improved technology i3 oily just becoming available. Agricultural
research mu:; t be increas ed and its direct-ion changed towards small farmer 
needs. Government s are increasing their allocation; to research, hut. lack 
the persontnel and funds to provide idequate support. The ex-,olonial powers
still provide some support . The !nternat ional Agricultural Research Centers 
are trying to increl se thi-ir input; in the region i n a ttmr( of severe finain
cial consorraintss to their operat iot;. ICRISAT ;ow has approximately oat,
third ol iis total program l(ated in ihe:; count ries. 

The abundance of land encoulage; he use if h I tirg C1u t i vatt ion and 
spatially dispersed land holdings. Although this may be a relatively
efficient use of the droughty, nutri ent-deficient soils under (ondit ions of 
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low inputs, it encourages inefficient use of what inputs are available, of
 

the very short supply of labor, and of management skills.
 

Moderate increases in cropping intensity or land productivity are pos

sible under existing conditions, particularly through more efficient cropping
 

systems and better use of intercropping. Integrated improved animal/crop
 

systems hold considerable promise for better use of land and for raising labor
 

productivity through the increased use of animal-drawn equipment.
 

There are only modest opportunities for increased irrigation (OECD, 

1976). In the west, the Senegal and Niger are mighty rivers but have narrow 

command areas. In the east, the Nile is already well-utilized. 

Disincentives to agriculture
 

Present disincentives to agriculture are many. Food aid is one of the 

worst. Imported wheat, rice, and maize are sold to the urban population by 

government parastatal organizations at prices substantially below those of 

locally produced sorghum and millet. Farmers travel to town to buy the 

cheaper food. 

Many other problems are blamed on the parastatals (Berg, 1980; larris, 

1980). Set up as marketing organizations for exportable agricultural commodi

ties, they low serve as marketing and distribution agencies for both inLots 

and produ! s while maintaining the dualistic nature of agriculture, to the 

farmer's -lisadvantage. The inefficiencies of these organizat.ions have widened 

the transp,riation and marketing margins on crops at the expense of the 

farmer. 

With so many problems, effective strategies for development are hard 

to find. "Agricultural development in Africa has been extremely elusive." 

(llogan and Johnson, 1981.) Carefully defined projects have not achieved suc

cess, probably because not enough attention has been paid to Lhe problems 

at. the small-farmer level. "The development of a new and reliable high

yielding millet can contribute as much to raising the living standards of 

millions of poor people as the changes in structure and policy that are also 

necessary." (World Bank, 1978, pg. 52).
 

CONCLUSIONS
 

Many things are needed for the development of agriculture. Growth can 

be retarded if any are lacikirig. But not all can be considered constraints 

in the proper meaning of the word, that: is, a force preventing change. Looked 

at from that point of view, few things, indeed, are real constraints becao ;c 

man's ingenuity has a habit of finding t.he way around and over all sorts of 

barriers.
 

We have to allow the basic resource constraints of climate and soil 

that limit ultimate possibilities. Plants cannot grow without water. The 
on water supply;
basic di'ctinction between arid and seni-arid climates depends 

soiff icient. water to allow regular productionarid ClimatrU!; do not supply 
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of the common crops. Semi-arid climates limit the range of crops that willgrow, being often too dry 
for maize and usually too dry for sugarcane. Within
this climatic region 
the erratic nature 
of water tupply is limiting; too much
at one 
time and not enough at another.
 

Soil constraints we understand well. 
 They have been summarized recently
in two conference proceedings (Swindale, 
1978; IRRI, '1980). The real 
constraints 
 are the permanent characteristics 
such as texture, eodibility,
mineralogy, and exchange capacity. Other things c:'n be changed. Soilshigh water-holding with

capacity, particularly 
the Vertisols, 
are the best soils
of the semi-arid regions because they integrate rainfall over time sufficiently well to ameliorate or even prevent the effects of short-term drought. 

Socioeconomic constraints are very different in Southern Asia and inthe Sahel. In the former, structural and institutional constraintssignificant. Deficient are lesspolicies and inefficient institutions retard develop
ment but do not prevent it as they do in Africa.
 

Poverty is a great constraint. The word connotes a multitude of deficiencies 
 in the human condition that prevent the 
 realization
capacity. In South Asia, vast 
of human

numbers of people will still be living
absolute poverty under all growt h 

in 
scenarios.
 

Deve lopment must be 
 a patient procOss. Bit by bit the pieces must beassembled. Wha t is gained from one project. must not be lost in the next.Prospects f or more rapid development now exist in Southern Asia because the 
process has been mastered.
 

Traditional technologies 
 are constraints to agricultural development
in arid and semi-arid regions. Changes at Lhe marginImproved technology, input-responsive 
will not su fice. 

crop varieties and improvel soil andwater management are essential 
thus Call the rate 

to force much higher rates of growth. Onlyof populat ion increase be overcome and development be proroted in other sectors of the economy. 

LITERATURE CITED 

Berg, E. 1980. Relnrmir grain markeA ing systems in West. Africa: A casest.udy of Mali. p. 147-172. In Proceedings of the International Workshop
on socio-econmic coast raint s t development of semi-arid tropical agri.culture, 1)-23 February, 1970 Iyderabad, India. ICRISAT. 

Central Arid Zone Research Institute (CAZRI ). 1978. Annual Report. Jodhpur, 
India. 

Fauck, R. 1978. Soils in dry climates, their specific suitability for foodproduc:ion and basic climit ic restrict ions. (In French.) Transact ionsof the llth lt. Congr. of Soil Sci. 2:21-269. 

Government of India (GOI). 1981. Sixth Five Year Plan 1980-85. Government
of India, Planning Commission, New Delhi. 

12 



eg a - 0 C -~ . H bd 1 a 0 

age~ ~ ae~ ---- ----- c~O onsan. gohsnf 

rm
odh .. 18. S od esoaof tradi o a1Asamr- sM; i
a ria. na. p. -2ocd n 6 e anaor 

trop opaa n.Hyaabd mda I S 2 

d~ .50 a sokanda d'J.G Ryn-51.V4agO. tuy ohd L 
e e ~StudE cogra ne . - Ptecoas. omic caapa 


roc 1A
 
Koa *ca ai;I i u~gr ap sse -4ae.~ mn o
 

Be- Bo trg4, T7Mr
 
ohad 'St ) es
 

t~~~~" SeR-A r 

ldtirt~~77.R.M 1euSB .. ge,VneaRo 
a Gf nd.82. shm oilad? a NaprIahasta9d aT'o 

an So 1. an ln IuI~gadUe 

grd k~l p- 1.-26 * ISAT.,o f Wet e"s61 eca 

-Anhr,',, Paa fol wo 5'O on soclo-econornic corSs raL ltst u 4p 

Hieraeimar iTopcs CR ST 

0opn o~m Coprt o f-an 96'OED
8 c clmac.'-omot 
e~ i c _i~g"m - j ~ as o hIe 

W a .' G Pe rs 6c' !- -rlma 

natra dy ofm ss'~ -1~tp ao-L 
pCD tla'db 

I nn'' G e 82-r' d -ao -- rogau r .mas L~1 it C n 

oi .4.-n,a 17 , 

Ntioh l
ircawcm atil-Sun c adO'.La -;ote".Pla - 

('ST'a ps o, ~ h~ i r tq~ jgdcltu'ral 
~ 

.Oc 0. lo '-- -41d saand I 

io' *roppi, - - 24--64 g 
ann'jM D Evo oman t 

4' of."c' ricam n Prot 

rm i nt n,o th n I wo' s-op on so i-4coomc'c ai s to p
.0 osDpx

f Mf. ar 
Mont-'o o~ -ar trpiaIi)agiu ue 1-2 T bur,. 



Shultz, T.W. 1963. An efficient approach to modernizing traditional 
agri
culture. Office of Agricultural Economics, University of Chicago,
 
Chicago.
 

SwinoaLe, L.D. (ed.) 1978. Soil-resource data for agricultural develop
ment. Hawaii Agricultural Experiment 
 Station, Honolulu, Hawaii.
 

Swindale, L.D. 
 1982. Distribution 
and use of arable soils in the semi
arid tropics. Trans. 12th Int. Congr. of Soil Sci. 
 1:67-100.
 

Toynbee, A.J. A
1946. study of history (abridgement of volumes 1-7 by

D.C. Somerwell). Oxford University Press, New York.
 

Troll, C. 1966. Seasonal climates of the earth. p. 19-25. In World maps

of climatology (3rd ed.) E. Rodenwaldt and 
H.J. Jusatz (eds.) Berlin:
 
Springer-Verlag.
 

USDA. 1980. Food problems and prospects in sub-Saharan Africa. US Depart
ment of Agriculture /ESS/lED Africa and Middle East 
Branch, Washington,
 
D.C.
 

Van Wambeke, 
A. 1981. Calculated soil moisture and temperature regimes
of South Amer'ca. United States Department of Agriculture, Soil Con
servation Servi,'e, Soil Management Support Service. Washington, D.C. 

Van Wambeke, A. 1982. 
 Calculated soil moisture and temperature regimes
of Africa. United States Department of Agriculture, Soil Conservation 
Service, Soil Management Support Service. Washington, I).C. 

World Bank. 1978. World Development Report 1978.
 

World Bank. 1982. World Development Report 1982. Oxford University Press,
 
New York.
 

14
 



D1CUJUTG EV LOHE T 

haM.o soo 

d y.Ma c oes111PrUCCvr 5 u c too a-go pa d t rcu is .a~{Vr d veotgc 

od fa P_ oodis acr f" 06profIa 

t rcesaurces o e Vlpd fr fo, aIa C 
a~* g r c a fo t w st t resources" a o a e ,
 

npowqrt-- A~ lop ing'coun ris, Least" otaIl. -t
 

gcIcL. ra produc Lion on6 so6 c1-' 6-de6pcnds li , LantF protectio
a d i ,manae o ~t,,- k l's of , the -c'u'lt'vator, ) Soil ".condi'onsA he ciA s
od y ienco i mat ad lant',proeat-ion,.: rioblei aiid the 

n .test~s -of thLe ci-iao a 'ii,oni 

snq of th -worid's farmands' wre 2convertod. "ro foret s0arii a CS t outdose p og me.'aga wit gu dac o so 5 a ita 
ra ~ bn 4aa d ~esucaQf;innoy Macinyemp! p oforo1tg-f f-!on e Lby.Fevr guaccompan
to neso acnd w itho tirq thog4ayt klaL a df qnror-- noauycabou',- rm wa 
cia ie c
og,1dfr I en fr e, d~sis 

0. bg mas hons thyers arn a nfiIr 
ns 
as emchyed. d I rn 

an _frmnng oanhe 4gre scrops ~ 'i oeri rnipe en oo'l t a . r~d ri ~n ~ o i se to managmn- praC, 43O"'355 OI 

Idf egg1 h .cuesury
o -i'i-op 

ce A.D os v~I.de ct Le11S -of '" a oish"cLiar,
begn an aiousad ear ~ T'heLm f.alr, andit< s,~' o 'ag-"a rt yo~j it P . essear fn So 1'' s leo ccurdbfr r~g ura' gf&cu LU~atoc 

Aios f~armin exp6rIon f~o o a Ic s wasp eathe 0. mreof st e Woi Xb 

a n -nuly do,. i-wer rc rs stCop icmnr ag Xenophoan c~ ~n 

C.-;C -

r rt
A.D).thDfl tt h' ur'ooInL o:U en, issh 



The function of development planning based on soil 
surveys "is to
 
substitute for trial and error 
to the fullest extent possible and to eliminate
 
predictable failures in production 
and in resource conservation." (Knox,

1977). In most countries of 
the world at least some information can be
 
had about soil capabilities.
 

There is a substantial literature dealing with 
the subject of soil
 
survey in agricultural development planning (see Literature 
Cited). This
 
paper does not attempt to digest 
and condense all of this literature, but
 
to review briefly some of the more important points.
 

AGRICULTURAL DEVELOPMENT PLANNING
 

Agricultural development includes a whole 
spectrum of processes aimed
 
at achieving certain 
social goals. The processes may Le industrial, economic,
 
or social. They 
may be designed ro increase the production of food or
 
fiber, reclaim unproductive lands, improvc municipal and 
industrial water
 
supplies, generate new 
markets for farm products, or even increase educa
tional opportunities for farm children. 
 Of course, not all of these processes

depend, even 
in part, on the quantity and quality of soil "esources in 
the area. In this paper attention is focused on those processes and projects
that are so il-dependent . In central country planning, four sequential

stages of the process are recognized, each with different 
 requirements
 
for soil information.
 

First, the area or areas with potentiial for more intensive agriculturai 
use may be selected. Commonly the choice of areas for dewlopment is a 
political decision. Alternativly, it may be dictated by the existing
infrastructure (proximity to transportat.ion, conmmunicat ion, and marketing
facilities). Ideally, the quality of the soil resource will be a major
considerar ion in lie selection process. A sinai 1-scale soil map of the 
country 
or the region, with soil descriptions and interprtat ions, will

enable decision-makers 
 to compare the various available areas and to make 
pru(lent_ chices among them. 

Second, areas potentially suitable for specific crops or groups of crops may be selected. The same small-scale, general soi I map and interpre
tations used in the first development stage will ordinarily s,,rve for this 
second stage.
 

Next in priority i& the selection of land and water development strate
gies for the kinds of enterprises selected in the second stage. Tree
clearing, land levelling, irrigation canal coo.;truction, and the development
of irrigation water supply are operations who;e initial investment and

maintenance costs may well determine the economic feasibility of the whole 
project. Both investment and maintenance costs are af fe: ed in significant 
parr by soil conditions, including slope gradient, drainage, and soid moisture. A detailed soil survey of appropriate scale and degroo i detail 
is necessary to make firm and accurate appriisals l p,ti. development: 
projects. 
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The final stage is to devise management systems for each kind of agri
cultural enterprise in Lhe development project. Obviously, a detailed
 
soil survey will provide information critically needed to make sound manage
ment judgments.
 

SOIL CLASSIFICATION AND SOIL SURVEYS
 

Soil surveys provide information about the soils of an area and pre
dictions of their behavior for different uses under specified management
 
practices. Soil maps delineate different kinds of soil areas that are
 
defined and described in the soil survey text. The different kinds of
 
soils are referenced to taxa in some kind of classification system.
 

In a country as large as the Sudan there are thousands, perhaps tens 
of thousands of different kinds of soils. Each of these kinds of soil 
can be recognized, identified, and defined, but to conduct agricultural 
research on the behavior of each kind would require a very large number 
of scient isis, a great many years, and a huge monetary investment. The 
amount of research needed for agricultural development can be substantially 
reduced' by using soil classit icat ion ,o transfer appropriate ag~otechnology 
from one areal to antoher, from one countryto another, even from one eontinent 
to another (Beinroth, 1982; Jlonson, 1980). 

To be useful for scll survey purposes, and particularly for agrotech
nology trnaistertncu , A soi c laits iho Jon scheme must embrace all of the 
kinds ot soil that are known, hot Irh.'i rgin and cult ivated. 

Many ;cien ist s with widely dill,.ring training, background, and exper
ienc- Ive need o class ify soils. At:iray ind consistency of classifica
tion can resuilt ry if the system used is scientifically objective and 
quant iat ive. 

I', be i,,oi useful, the classifitat ion should hav t a heirarchy of cate
gories, with i rn', I asse s in the KuI. c:atgor ie s and few classes in the 
higher rat egri,. Such a s;tr'cI ur permiLs Itheorganizat ion and under

i inform atstanding of iI tion iy (lasses dit ,.rent levels of generalization 

and ensurps ,rdhrly , for what knows aboutt soilsIn i hime rorrrerrbhrinig ti t 
without Untiuly hurdening his memory. Such A struct:!re al so is convnient 
for dosigirin- isp ppins ug it , for smia of dif !erent saltes and dilerent 

degrees ol di ai. 

The c lidsi fitt! , iruld prr.'ide a tionctpl tor relaling to the crncep
tual taxi lo hf systr, real reing lied the soilIhe the ',,i Is clarsif And real 

bodies di lineated on maipls. 

lI
Finally, it is h lp ul iI h nomer I at ore of tih c lass ii cat ion is 
phonetic, distinct ive, s;ystemat ic, and easily remembered, with names that 
indicate something about tile propertits tit the soils and their positions 
in the system.
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In spite of 
certain deficiencies 
and difficulties, 
Soil Taxonomy
Survey Staff, 1975) (Soil
comes nearer to meeting the above 
requirements than
any 
other soil classification 
in use today. With the 
help of many of
experts participating thein this workshop, and others in other parts of theworld, further improvements will be 
made, and these 
will lead to a closer
approximation 
to an ideal classification.
 

USES OF SOIL SURVEYS
 

As previously mentioned, planning 
for agricultural development
soil requires
surveys of different 
scales and degrees of detail. 
 Many years ago,
the Soil Geogriphy Staff of the U.S. Department of Agriculture developed1:1 million soil maps 
and interpretations

These maps 

for many parts of the world.and reports have been used in "sector studies" of several developing countries to estimate agricultural deve lopment poteet ial1s. Thsector studies can De followed by detailed development planning in selectedareas, More recent ly, the U.S. Soil Survey completed a broad reconnaissincesoil survey of the Stato of Alaska at a scale of 1:500,000. Phases ofassociations of soil subgroups were used as the "btilding blocks" for thesoil-mapping units. This survey provides an overview of the importantsoil resource regions of Alaska and ident i Iies areas that have potent iaIfor different kinds of development: farming, grazing, forestry, wildlife,and recreation (Kellogg, 1975). These kinds of small-scale soil surveysdo not, of course, provide soil information thai is sufficiently detailedfor either feasibility studies or design and const ruction of development 
projects.
 

After an area has been selected for development , based on afarming specificsystem, a more detailed soil survey is needed to provide additionalinformation for designing the project and for operational guidance afterthe project has been completed. In most rainfed farming zones, a detailedsurvey at a scale of 1:25,000 is suitable, with 
mapping unit, designed
with phases of soil series or soil families. This provides :he detailand refinement to support precise interpretations
and for alternal ive croppingsoil management systems. For planning and guiding irrigated larming,more detailed soil surveys, of scale about 1:10,000, are suitable.surveys of even larger Soilscale may be needed in places where horticulturalcrops are grown, or other high-intensit y land-use patterns prevai I and
individual land holdings are small. 

Soil surveys gene rit e ,ICceprlance and . rust. t oi thie egrFv tBaI theyare .aeen to be accurate, consistent, and reliable. Ciine (177) has proposeda format: for apprai;ing tihe ut i I ity of soi l mapt;. 1he Soil Survey Manual(Soil Survey St.aff , 1951) describes procedures tr control Iing theof qualit ysoil survey field ope rations nd reports. Forbes (1977) presents atentarive checkliL for evaluat:ing soil survey report s. The organizationand supervision of field, laboratory, anu office work must be performedin ways tihat will assure adequate quality c:ont.rol without. xcssive costs. 
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SOIL SURVEYS AND AGRICULTURAL DEVELOPMENT
 

Cline (1949, 1963) has written benchmark papers on the principles
 

of classification as they relate to soil classification. In his "Lectures
 
on Soil Classification" at Ghent (Smith, 1965), the late Guy Smith discussed 
the logic of soil classification and the relations between soil survey 
and soil classification. Beinroth (1978) and Johnson (1978) have discussed 
soil classification as it relates to soil survey and have reviewed the 
structure of Soil Taxonomy as compared with other schemes. 

The late Charles E. Kellogg (personal communication) often said that, 
just as the art of sailing governs the design of sailboats, so the making 
of soil interpretations governs the design of soil surveys. Another way 
of stating the same principle is to say that tie design of a soil survey 
depends on the kinds and refinement of the soil predict ions that must be 
made from it:. By design of soil survcy, we refer to Lhe scale of mapping 
and the minimum size of delineations that will be shown; and to the precision 
of location oi soil bordaries and geographic points. 

Some have suggested that ti me and money can be saved by foregoing 
rigorous bas.it :oil surves, and instead mppirg direct:ly the suitability 
cla -;rses; for ce ior,n,, or wh l. , or rrai ze. This cant be Cloe, arid it: does 
take le.ss ti me and mney Ifhan the basic soii survey. lie diii iculty is 
that. ,uicl i lity of the diiferent kinds of soils for, say, coLion, can 

be dcite i , ( oI ocr thlie basis of pre.sent -day SOLI arid crop nanagement 

pract ic. Ad prl'i' n -day cot tion varieie. Hs. As soon as irprovements are 

miade i r , : c,nvarriet ies and inr cotten rrattagetnen- practices, then the cotton 

suit :hii it) 'ap is useless and all tire field work most. be done over. if 

ore .,, art s with a basic so il survey, thn predict ion; of Cotton yields 

can hoe inmia rlv present -day concditiotts. When cottona iMdial for improved 

vaript ie ,Appc it" itd/ ccc age enccrpract ices improved, basict';'hI are the soil 
map can hr reit' erprete.d cco show cot t on suit abilit ies for the improved 

variety arnd mrca 2icgp.c t. 

ROLE OF TIlE SOIL SCIENTIST
 

Th, key f. igure in the making and using of soil surveys for agricultural 
developmntt planting is t he livid soil sciei iest in charge ol the -urvey 
(Soil Survey hStaff , 1951). lie develops t he survey design after becoming 

familiar wi h tie", object ives of ti, survey dii wii thre pedologic condit:ions 

in the ,urvoy ,jreat. BHe pro'vi.de, le.adership in the cla:ssii ication of t:he 

soil , t ice' pre I'ir,; rt i leh , 'cc, Iii-cci- it,, Ii gtodtI, tir t itrining of statfI, 

the field ,pera in., thIhe. WI It , . i nc Q, s ill samples, the synthesis of 
soil inct e'pJr't at Icn5,:, ici wi tth tr e survt'y rteport . tih play; a 

doinnant reI e it t' ira ilt ,tcc' oitualivycl crtt rol (if the survey. Thi s 

iS 11cr t (I sry t ,t he IlTtU!;t per f (r :,cr I I I tit- detailedI. asks Itccrl I.f; iI 

Ire d i d , mTI t c V' . w ult I I Ike d,( tatIlt, r or-t'I s h l.iru m nrl.his years I o 
complete.r PI i he mt. pr-o.v i tie t I leaIdership arid matragetetrn Lh rt insiure. 

the rscient iic itlogrity arnd prac:tic: al utility oft his soil survey. 
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Soil scientists 
of the provincial and national 
staffs of the soil
survey organization play 
 a particularly important 
 role in achieving consistency and accuracy in 
 soil classification, 
in maintaining high-quality
mapping and 
 soil interpretations, 
 and in efficient personnel management
at the field level. They are 
also concerned with the 
dissemination 
use and
of soil survey information 
where it is needed, It is usually 
these
soil scientists who interface 
most directly 
with national and provincial

development planning staffs.
 

ROLE OF TIlE DEVELOPMENT PLANNER
 

Planners and soil scientists need to maintain close and regular communication before, during, and after completion out
of soil surveys carried

in support of agricultural development planning.
 

The planner knows 
 what kinds of decisions he will be cal led on to
make concerning suitability of various areas 
of a cnuntrry for more intensivefarming use. lie can iden! ity the kinds of soil informat ion, 
and the refinement
of that- informat i on, required Ito assist him in .1teaching planning decisions.In other words, he can provide essent iiol guidel iies [or t.he desig:i ol tihesoil survey. Working with the 
 so il sc itnt is l during preliminary I ieldact i i t ies, he can hoI p to as sure hat te so li- survey des ign w i I I he adequte, but not excess i vol V det ailed and expens iye, for planning needs. 

As to1 survey progre,,ses, the planner :ain provide villuablle assisLancein tBte testin ug atnd evalutt lion of the survey. lH I ), I'0view ptel itilarysoi I predict oni nd sl hemo ,t 
 in his planing process. 1 i a survey isLoo gonera or t to it taile.d, h, should recnotmt d changes in tIhe l gend
and mapping pro edure. I I the, qual it y of lthe survey i s det ic int in aspict scrit.ica] E" his use Ior de ve opnent leeaino i h s littl1 roc otlmm nid moerigorous contrels on Ito Ithe o classil ical ion ind nlttppitig. W rking toget her,planne r nid so i l s'i t ist. can avoid surveys thit fail to n,{I( .h pl;annt 'srequi retmet s as wel I slrveysu; hIlt ire to) re[ ined tal thus, i o costly
for the specifieid piurpose. 

Whet I ile stirstey 5 cttMl I(t (Ii, 
1 

aI1t1I li te r tal ass s tI ttli so i I so it itI sI swho prepare dteriva Ivi map11s, chrt' s, butil lit ins, brochure;, anid books explaining the soil survey and its 
uselulness in dvlopment 
planning.
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COMBATING DESERTIFICATION IN THE ARAB COUNTRIES
 

A. Osman
 

INTRODUCTION
 

Desertiflcatioq process 
has been defined as an environmental disequi
librium leading to a decrease of agricultural production or to a loss of
 
productive land.
 

The problem of desertification was identified a long time in many

places in the world. Only recently, 

ago 

in 1977, the United Nations Environment
 

Program 
(UNEP) convened an International Conference on 
Desertificatlon to

discuss problems 
related to the forms, causes, consequences, and measures 
to be taken for combating desertification. A great number of specialists
and decision-makers were involved in this Conference. At the same period
and immediately before this Conference, the Arab Center for the Studies of
Arid Zones and Dry Lands (ACSAD), with the cooperation of other Arab League
Organizations, e.g. the Arab Organization for Agriculture Development (AOAD)
convened a Regional Conference on Desertification in the Arab countries. 
All the Arab countries have participated in this Conference to express their
interest and to coordinate efforts for combating desertification in) the Arab 
countries. 

This particular interest from tileemanates specific climatic conditions 
in the Arab countries.
 

ENVIRONMENTAl. CONDITIONS
 

More than 907 of the total area of the Arab countries is arid. The
400 mm rainfall isobyete shows that more than 94% cf the total area receives

less than this amount of rainfall. This fact has led to more or 
 less tile 
same figures at: the country level for the calculation of the soil moisture

regime according t.o the Newha I I 
 formula applied b Prof. R. Tavernier in
Ghent and Prof. Van Wambeke at Cornell to the Arab countries. Although Sudan
has the largest area among the 21 Arab countries, its cultivated lands do 
not exceed 15%. This country has tile largest pastural area and the best 
possibility for agricultural development. 
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FORMS OF DESERTIFICATION
 

Several forms of desertification could be identified. 
 Whatever the
 
form of desertification might be, 
the result is the same--decrease of the
 
cultivated land and decrease of 
the productivity. One or more of the 
fol
lowing factors could be presented.
 

Climatological
 

The drought in the Sahel 
and other parts of the Arab countries has 
led to many aspects of desertification. The decrease of vegetation, over
grazing, wind erosion, and the deterioration of the natural vegetation
 
cover are responsible 
 for the decrease of the animal production and the
 
development of shifting sand dunes in this 
area.
 

Technical
 

The misuse of land and water in the irrigated area under arid conditions 
has led to the 
 increase of salinity and alkalinity. A signiricant part
of the Euphrates River basin in Syria and Iraq, as well as in the Nile 
Valley in Sudan and Egypt, hai been disgarded from the agricultural land. 

Soc io-Economi cal
 

rhe unbalanced econom ical hassituation decreased the net agricultural 
income. Inflation has the same impact on the agricultural production.

As new forms of desertification arose, they were accompanied by the abandon
ment of agricultural lands and/or increase of the labor cost. 

MEASURES FOR COMBATING DESERTIFICATION
 

National level
 

SeveralI mea.surs for combat ing desertification could be considered.
 
Some of them are relted to old legislation and inherited rules with regards 
to woodcutt inq, and grazing right,.
 

art lan, 
period , c Otrlotn It r ice in trtany Arab countries of the Middle East and 

The lemo 1;rorc rlid are reserved from grazing for a certain 

North A! riua for a lug t im,. 

Many Arib cutI ii ties hA v, established specialized administration for 
sand dune f ixa1 ion. Import ant el fort s lave been done in Iraq, Egypt,
Sudan, and Ihe North Alrican countries. Tie project of sand dune fixation 
" Irig thc greit divisiln between the Tigris and te Euphrates in Iraq is 
a good exampl' ihat could be mentiored in this field. Other projects are 
located in Liyha and Saudi Arabia. Important irrigation and drainage schemes 
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have been executed in the Euphrates River basin in Syria and Iraq and in
 
the Nile Valley in Egypt to reclaim salt-affected soils.
 

The Forestry Administration in many 
 Arab cottries is encouraging

afforestation wherever that is possible. A lot of work has been done in 
Morocco, Algeria, Tunisia, Syria, and Jordan.
 

Regional
 

Combating desertification 
 is work carried out at the regional level
 
in many places. A good example is the Green Belt Project in the North 
African countries through an intergovernmental agreement between 
 five

countries covering an area of several thousand sq km where programs on 
afforestation, drought-resistant varieties of crops and fruit trees, culti
vation, and range management have been established. Besides the concerned
 
governments in this Project, regional and 
international organizations are
 
also involved. ACSAD, ALESC, and UNEP are 
participating in this project.

Training programs and workshops are also organized to study and to monitor 
the desertification hazard in this 
area.
 

Another project is carried out ACSAD and
by four Middle East countries:
 
Iraq, Syria, Jordan, 
and Saudi Arabia. In this project, studies on the
 
natural resources and 
the environmental and socio-economic conditions 
are

carried out in the Hamad area covering approximately 20 million ha. The 
government of the Federal Republic of Germany has also contributed to these
 
studies.
 

International
 

International organizations Lre involved in
also desertification control
 
and soil conservation: the Internationial 
 Union for the Conservation of 
Nature (IUCN), tho United National Environment Programme (UNEP), the Food 
and Agriculture Organization (FAO), and UNESCO are making a good effort 
for the conservation of the natural resources of the world.
 

The World Soil Map prepared by FAO, the World Soil Policy established
by the UNEP, and the Man and Biosphere Programs of UNESCO are good examples 
of these efforts. 

The Fifth International Soil Classification Workshop is requested
to draw the attention of all decision-makers to conserve our soils for 
the future generation. 
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of the eastern thermic/hyperthermic boundary are iso-, while the area to
 
the east of this boundary is not.
 

Using Table 2, the elevation of Kitab suggests that Kitab should be 
isothermic. However, Kitab is known for its unusually cold temperatures, 
and the results for the year for which data are available show Kitab as iso
mesic. This is probably a result of the immediate topography around Kitab. 
This case points out the care with which these estimates should be used. 
The generalizations made here need to be interpreted in the light of indivi
dual situations.
 

Table 2. 	Elevation ranges for iso-temperature regimes (Soil Taxonomy, 1975)
 
appropriate for the classification of soils in Yemen.
 

Temperature Range of mean annual Estimated range
 
regime soil temperature of elevations
 

(0 C) 	 (m) 

lsomesic 	 8-15 
 3790-2725
 

Isothermic 
 15-22 	 2725-1660
 

Isohyperthermic 22-28 	 1660-745 

Isomegathermica 	 >28 745 and below 

aProposed new soil temperature regime 

ESTIMATION OF SOIL MOISTURE REGIMES
 

Monthly rainfall and elevation data were ava ilable for the stations 
listed in Table 4. The mean monthly air temperat.ures were attained by cal
culating linear regression equations for each of the 12 months in the manner 
decribed for annual soil tcmpcrat:ur . The calculated U~MF: uras wsrc 
then used in vst imating the soil iso1store and temperature regimes. 

A sunmary of the est imated Lemprature and nmoistore regimes are given 
in Tables 3 and 4. Table 3 gives results for stations for which observed 
temperature data are available, and Table 4 gives results or stat ions for 
which temperat-ure data were estimated on the basis of elevation. A iap of 
the estimated moisture regimes is given in Map 3. 

LIMITATIONS OF TIlE MODEL IN YEMEN 

The Newhall model used in making the soil climate estimations has several 
important limitations when applied to Yemen. It assumes that there are no 
significant gains or losses of rainfall due to runoff or inflow. This is 
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commonly not 
the case in Yemen, particularly along steep slopes in mountainous
 areas. 
 For example, much of the precipitation 
along the Tihama mountain
front flows 
onto the Tihama 
before it can infiltrate into the subsoil. Thus,
many soils on steep slopes with "calculated" ustic moisture regimes may
actually be drier .han predicted by the model, while wadi areas and 
concave
 
slopes in the mountains are probably moister.
 

some parts of the mountains, water
In runoff is significantly affected
by terracing. Water remains 
in the terraces longer than it 
would on an unterraced slope. The 
computer-estimated 
moisture regimes probably are more
accurate in terraced areas because the 
precipitation 
is made more effective

by the terraces. In these water-harvesting situations, 
terraced areas may
be moister than predicted by the computer model.
 

Table 3. Results for with
sites observed 
rainfall and temperLture data.
 

Estimated 
 Estimated
Site 
 temperature regime 
 moisture regime
 

Al ludaydah 
 Isohyperthermic 
 Aridic
 

Al Zuhra 
 Isohyperthermic 
 Aridic
 

Amran 
 Isothermic 
 Aridic
 

Kamaran 
 Isohyperthermic 
 Aridic
 

Kitab 
 Isomesic 
 Udic
 

Mabar 
 Isothermic 
 Ustic
 

Rabat 
 Isoinesic Lidi c 

Sana 
 Isothermic 
 Aridic
 

Taizz 
 Isohyperthermic 
 Aridic
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Table 4. Elevation and estimated soil moisture regimes for sites with only
 
monthly rainfall data in Yemen.
 

Calculated 
Elev- Number mean Estimated Estimated 
ation of years annual soil. temperature moisture 

Site (m) of dama temperature regime regime 

Ad-Darb 2750 4 15.0 Isomesic Ustic 

Al Mahabisha 1600 2 22.5 Isohyperth. Ustic 

Al Mahweet 2100 i 19.3 Isothermic Ustic 

Ash-Shagrab 2770 5 14.9 Isomesic Aridic 

At Tur 200 2 31.8 Isohyperth. Ustic 

Bani Uwair 2100 2 19.3 Isothermic Aridic 

Beit Al Fatami 2000 5 19.9 Isothermic Aridic 

Beit Al Fuleih 800 4 27.8 Isohyperth. Aridic 

Dawran 2900 2 14.0 Isomesic Udic 

Dhaf 2625 3 15.8 Isothermic Aridic 

Dhamar 2770 5 14.9 Isomesic Ustic 

llajjah 1650 2 22.2 Isohyperth. Ustic 

Huth 1850 2 20.9 Isothermic Aridic 

Ibb 1800 8 21.2 Isothermic Udic 

Khamir 2350 2 17.6 Isothermic Ustic 

Maram 2375 5 17.4 Isothermic Aridic 

Rhizwa 2400 5 17.3 Isothermic Aridic 

Rihab 1500 7 23.2 Isohyperth. Aridic 

Sakain 2230 . 18.4 Isothermic Ustic 

Samah-Al-Uya 2500 5 16.4 Isothermic Aridic 

Sanaban 2300 5 16.6 Isothermic Aridic 

Shibam 2650 2 15.6 Isothermic Ustic 

Shihara 1250 1 24.9 Isohyperth. Aridic 

Sumara 1800 7 21.1 Isothermic Ustic 

Surdud 250 2 31.5 Isohyperth. Aridic 

Udain 1500 6 23.2 Isohyperth. Aridic 

Wadi Al liar 2300 1 17.9 Isothermic Aridic 

Washa 500 1 29.8 Isohyperth. Aridic 

Yarim 2400 8 17.3 Isothermic Ustic 

Zabid 240 6 31.5 Isohyperth. Aridic 

Zabid Camp 240 to 31.5 Isohyperth. Aridic 
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REFINEMENT OF TAXA BASED ON SOIL MOISTURE REGIMES 

R. L. Guthrie 

The foreword of Soil Taxonomy mentions the need for more precise measure

ments to refine the definition of certain taxa. Guy Smith, former Director 

of Soil Survey Investigations in the Soil Conservation Service (SCS), recog

nized that many definitions of taxa that are extensive in the United States 

are not perfect, particularly regarding their soil moisture regimes. The 

weaknesses became apparent when soil moisture regime calculations were com

pared with the kinds and amounts of natural vegetation produced in major soil 

areat. Other more striking weaknesses became apparent when Soil Taxonomy 

was used to classify soils in tropical countries, especially those in monsoon

al climates. Soil moisture regime definitions applied to soils that have 

temperatures suitable for year-round plant growth do not have the same implica

tions for production that they have in temperate regions. Two studies, one 

for the tropics and one for the United States, are being conduct.d in an 

attempt to generate new soil moisture regime definitions.
 

The Int~ernational Committee on Moisture Regimes of the Tropics (ICOMMORT) 

has propo;ed subdivisions of moisture regimes for t:ropical areas (Van Wambeke, 

1982). rentative names and definitions of classes have been proposed, but 

the committ e nas not proposed new taxa based on the subdivisions. 

Several scientists of the Agricultural Research Service are conducting 

research on rhe effects of soil moisture on crop production. Saxton, et al. 

(1982) haw! developed . computer model called Soil, Plant, Air, Water (SPAW), 

which combines climatic data with soil and plant properties to calculate con

sumptive watfer use. The data used in the calculations can be extracted and 

summarized to provide prol*,bilities for a given moisture percentage for each 

soil. The calculations are similar to those of t-he Newhall model expliined 

in Soil l'axonory, hut the SPAW model is much more flexible. Dail-y or weekly 

climatic averages can be used instead of monthly averages, and available water 

capacities for individual soilIs can he used instead of the standard 200 mm 

used in the Newhall inodel. The i,.t ronduct ion of a plant factor adds another 

dimension. The SCS is testi ro, the SPAW model as a basis for modifying the 

Newha I 1 m de I . T'e; . itlig Will he conducted in the following stIeps: 

1. 	 The Newhal I model wi ll be un to t a number of ustic-aridic tansi lion 

zone weat her ;tar. ionsr; i new I rig- er ;iverages suppl ied b) the Na

t iinrl (1 iMrni ( oniter, A ;hevi l l , Nlort h Carol ina. Long-term iverages 

art ilcolal d iltt dii ribuit.ed ott tape every 10 years. Calc.)l t:io :; 

made wit I t.1re iupw ;aver,,, w4ill be used as the basis for comparing ot.her 

mode Is. 

2. 	 Est. imated u r ,me.'ti red av,, i i alI . wat e r capac icy values wi I I be used to 

ca l.:ulat e mi!tur,, rigimer; for selected soils near the chosen weather 

still ions. 
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3. The Newhall model will 
I": modified 
to calculate
from the 	 soil moisture regimes
surface of 
the !;oil to 
the base of the moisture control section.
The soils studied in 
step 2 will be used for this test.
 
4. 	 Calculations similar to those in step 3 will be made using the SPAWmodel. Many the
of problems associated with 
the applications
moisture 	 of soil
regime definitions 
in the 
United States 
have centered 
around
the transitions 
between ustic and 
aridic and between ustic and
Ustic suborders 	 udic.
of Alfisols 
and Mollisols, which are 
extiensive
Great Plains of 	 in the
the United States, imply the
for differentiae, but: 	

use of soil moisture regimes
only as a possible requiremenL. Th., fact that
Ustolls and 
Ustalfs 
may have udic, ustic, 
or aridic moisture
has led to some difficulties 	 regimes
in grouping soils thattial 	 have similar potennatural vegetation. 
 Compounding 
this situation 
is the fact that:
Udic subgroups of Ustalfs and Ustolls may or notregimes and Aridic 	 may have udic moisturesubgroups may have either aridic or ustic moisture 

regimes.
 

Before suborder and subgrcup definitions are modified, itbered that the criteria must 	 be rememused at higher categorical levelsgenesis or they 	 based on soilare features that influence genesis. Where 
are 

ment implications 	 possible, managewere considered in selecting differentiae for thelevels, but morphological properties were given preference. 
higher 

Definitions of moisture regimes

need t.o be reevaliat:ed, 

and of taxa based on moisture regimes
but they should be done independently.regimes are 	 If moistureto be used as the only criterion for certain taxa,the lower categorical levels would 	
it seems that 

cation o 	
be the most logical. The proposed modifithe Newhall model will 

regimes 	
help to calculate soil-specific moisturerather than a standard value for all soils
Until these calculations near a weather station.
are made, proposals to modify definitions of taxashould be deferred.
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A QUEST FOR AN ALTERNATIVE TO THE USE OF SOIL MOISTURE REGIMES 

AT IGH CATEGORIC LEVEL IN SOIL TAXONOMY
 

W.G. Sombrock
 

ABSTRACT
 

A tentative listing is given of associated features of soil moisture
 
regimes at the suborder level of Soil Taxonomy. These may be used for the
 
development of replacing definitions and naming at that level, relegating
 
soil moisture regimes per se, and their subdivisions as proposed by Van
 
Wambfke, to the management-oriented family level.
 

INTRODUCTION
 

In the ICOMMORT Circular Letter No. 2, Dr. Van Wambeke submits a proposal 
for subdivision of the present soil moisture regimes of the US Soil Taxonomy 
system of soil classification. The implied purpose of the proposal is to 
make the system more relevant for soil management and agrotechnolog" transfer. 
These application aspects of the system are supposed to be concentrated at 
the family level. Therefore, any adaptation and subdivision of soil moisture 
regimes should be employed at that level, in a way comparable to the use 
of soil temperature classes. Such a use of soil moisture regime may have 
a repetition of the naming of suborder level as a consequence; even a depar
ture from suborder naming may be required, viz. if one wants to put the main 
boundaries of the regimes somewhat differently at family level to make them 
more meaningful for management purposes. Omitting soil moisture regimes 
at suborder level would break up th.3 whole structure of the classification 
system, which should be avoided. ILt is implied in Soil Taxonomy, however,
 
that the criteria used at the higher categories are either the result of 
genesis or important for genesis.
 

The application of soil moisture (and temperature) regimes in this 
respect is meant to determine the conditions under which genetic processes 
take, or have taken, place in soils. In fact, in a number of cases this 
relationship has already been "translated" into measurable characteristics 
("the marks") other than moisture and temperature ("the causes"). Wherever 
such marks can be defined, they should, in the rationale of Soil Taxonomy,
 
have prevalence in the definition of the higher-category units over the soil 
moisture criteria themselves (cf. Guthrie's contribution at this Workshop). 
One may, therefore, try to do this systematically throughout the suborder 
level, at the same time coining new prefixes to avoid overlap or a confusion 
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with the detailed soil climate denominations at family level.
 

A tentative 
scheme for the associated features or marks of 
soil moisture
regimes at high categoric 
level is given below, based on 
the example profiles
in USDA Agricultural Handbook 
436. To elaborate the scheme, many more profiles would have to be checked. However, such a checking 
exercise can be
restricted to the 
USA soil situation, 
because any proposed changes should
fit with the US soils pattern to have any chance of becoming accepted.Elsewhere, 
and in the tropics and subtropics in particular, such changescan be accepted easier because 
the use of Soil Taxonomy in the countries
concerned is often 
still in an experimental stage, or complementary to a
 
national system.
 

The basic assumption is that a udic soil moisture legime (in mesicwarmer climate) implies a continuous downward 
or 

movement of ions; an usticmoisture regime, 
a seasonally interrupted downward movement; 
a xeric moisture
regime, a seasonally downward 
movement accompanied by a seasonally upwardmovement of ions; and an aridic moisture regime, a nearly continuous upwardmovement. This should be reflected not only in the clay mineralogy (which,unfortunately, figures only way down* in the system), but also in the p1I-BSsequences in the pedon and the depth of appearance of free carbonates; thelatter feature is sometimes already part of the definitions at suborder level. 

Notes: 

a) pHl stands for pll- 1 20; BS stands for base saturation by sum-of-cations
method; Ca stands for free carbonates presence of more than weak 
effervescence (>M%).
 

b) All "decrease" or 'increase" tendencies are taken to start belowthe plow layer, since management. practices may have modified thevirgin condition in that layer substantially; a decrease may beregular or irrgular, i.e. it may be interrupted by one or two 
minor incresvn. 

c) Only profiles recorded in Soil Taxonomy are taken into consideration; 
any apparent trends should he tested on a substaintial number ofother prof i les in the USA, and can only then be fully quantif led 
and made mutuall , excluc ,'. 

SOILS WITH IIDIC MOISTURE REGIME
 

Orthox suborder
 

In the Ortlhox suborder a udic moisture regime is only implied in thedl inif ion; the soi Is should be non-aquic, non-torric, non-humic, and non
tist ic. 

7'r'0vw:. The p1l sequence is often irregulir but. Li&, B- is dI. reas ingwith depth Lill at least 200 cm (four o L of five profi leq); the Ca is absent3,ill beyond 00 cm (?). 
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Udult suborder
 

At the Udults a udic moisture regime is specified in the definition.
 
They should moreover be non-aquic and non-humic.
 

Trends. The pH is decreasing or approximately equal with depth till 
at least 150 cm or till near (30 cm?) the parent rock (five out of six pro
files); the. BS is decreasing or equal till at least 100 cm (six out of six 
profiles); the Ca is absent till below 200 cm.
 

Udalf suborder
 

At the Udalfs a udic moisture regime is specified in the definition. 
They should moreover be non-aquic, non-boric, non-ustic, and non-xeric.
 

Trends. The p1l is decreasing or approximately equal with depth till
 
at 
 least 120 cm or till near (30 cm?) the parent rock (seven out of eight 
profiles); the BS is decreasing or equal till at least 80 cm (seven out of
 
eight profiles); the Ca occurs only below 150 cm; or at more than 50 cm below
 
the ba;e of the argillic horizon (see definition of Ustalf).
 

Udoll suborder
 

At the Udolls the udic moisture regime is only implied in the definition. 
They should be non-albic, non-aquic, non-rendic, non-xeric, non-boric, and 
non-ustic.
 

Trend.s. The pil is decreasing, equal, or slightly increasing (less than 
0.3 unit) LillI at least 65 cm (five out of five profiles); the BS is de
creasing or equal till 30 cm (four out of five profiles); the Ca occurs only 
below 90 cm, or a calcic/gypsic/cai horizon is found only below 150 cm or 
below 50 cfm beyond the base of an argillic or cambic horizon (see definition 
of Ustoll).
 

Udert suborder
 

At the Uderts a udic moisture regime is only implied in the definition. 
Their cracks should be less than 90 days open, and they should be non-xeric 
and non-torric.
 

Trends. The p1l and BS are not decreasing with depth or only over a 
short distance (40 cm?), but the Ca occurs only below 90 cm (two out of two 
profiles).
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SOILS WITH USTIC SOIL MOISTURE REGIME
 

Ustox suborder
 

At the Ustox an 
ustic moisture regime, combined with isothermic, thermic,
or warmer temperature, 
is specified in the definition. 
 They should moreover
 
be non-aquic, non-torric, and non-humic.
 

Trends. The pH is stable till more than 100 cm depth; the BS is stableor decreasing (?); the Ca is absent till below 200 cm (only one profile given
in ST; Oxisol order moreover provisional).
 

Ustult suborder
 

At the Ustults an ustic moisture regime 
is specified in the definition.
 
They should moreover be non-aquic, non-humic, and non-udic.
 

Trends. The pit is equal or only slightly increasing (less than 0.3unit) with depth till at least 100 cm; the BS 
is equal or slightly decreasing

(?) till at least 100 cm; the Ca is absent till ... cm (only one profile 
given in ST).
 

Ustalf suborder
 

At the Ustalts an ustic moisture regime is specified, but only as oneof the possible requirements in the definition. 
 The soils should be non
aquic and non-boric.
 

Trends. 
 The pi1 is equal or only slightly increasing (less than 0.3unit) till at least 50 cm depth; the BS tillis equal or slightly increasing

at least 50 cm depth; the Ca is found only below 60 cm, but within 150 cm 
c.q. 50 cm below the 
base of the argillic horizon (see definition).
 

Ustoll suborder
 

At the Ustolls an ustic moisture regime (or ustic--aridic) is specified,
but only as part of the definition; the soils should be non-albic, non-aquic,
non-rendic, non-xeric, and non-boric.
 

Trends. The pit increases by more than 0.3 unit within 65 cm depth (fourout of five profiles); the BS increases with depth (?); the Ca occurs within90 cm, or a gypsic/calcic/ca horizon is found within 150 cm depth cr.q. within 
50 cm of the base of an argillic or cambic 
horizon (see definition).
 

!Istert suborder
 

At the Ustert an ustic moisture regime is only implied in the definition. 
They should be non-xeric, non-torric, and non-udic.
 

Trenda. The pH and BS are increasing with depth; the Ca occurs only
below ... cm but within 90 cm. 
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SOILS WITH A XERIC SOIL MOISTURE REGIME
 

Xerox suborder
 

No Xerox foreseen in ST.
 

Xerult suborder
 

At the Xerults a xeric moisture regime is specified in the definition.
 

They should moreover be non-aquic, non-humic, non-udic, and non-ustic.
 

Trends. pH and Bs decreasing (?) with depth; no Ca Lill ... cm (only
 

one profile given in St; representative?).
 

Xeralf suborder
 

At the Xeralfs , xeric moisture regime is specified in the definition 

(or xeric-aridic wit: massive i hard). They should moreover be non-aquic, 

non-boric, and non-ustic. 

Trends. pit and BS increasing wiLh depth (three out of four profiles); 
the Ca may occur throughout, but its maximum is found below 50 cm (?).
 

Xeroll suborder
 

At the Xerolls a xeric moisture regime is specified in the definition 
(or aridic-xeric). They should be moreover non-cryic, non-aLbic, and non
rendic.
 

Trends. p!t and BS are increasing with depth (seven out of seven pro

files); the Ca may occur throughout, but its maximum is found below 50 cm. 

Xerert suborder
 

At the Xererts a xeric moisture regime is only implied in the definition. 

Their cracks should be open for more than 60 days, and the temperature should 
be thermic or mesic. 

Trends. pit and Bs are increasing with depth; the Ca, if present, 
has a (weak) Lop only below 50 cm. 

SOILS WITH A TORRIC OR ARIDIC MOISTURE REGIME
 

Torrox suborder
 

In the Torrox the torric moisture regime is specified in the definition.
 

They should be non-aquic. 
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Trends. pH and BS increasing with depth (?); the is
Ca absent till
 ... 
cm? (only one profile given in ST).
 

Torrert suborder
 

In the Torrerts the 
torric moisture regime 
is only implied in the definition. Their cracks should be opec 
for more than 
60 days, and the temperature

should be hotter than thermic or mesic.
 

TrendE. 
 The Ca occurs throughout but has 
a weak bulge? (one profile
only in ST).
 

Aridisols
 

In the Aridisols an 
aridic moisture regime 
is specified in 
the definition, in this 
case even at order level, but again with some 
qualifications.
The soils should be non-aquic, nonn-histic, non-spodic, non-oxic, 
non-mollic
or -ustic, and non-vertic. When they have 
an argillic or 
natric horizon
they should have an aridic moisture regime (and an epipedon that is not bothmassive and hard or very hard). If they do notthey have such an horizon thenshould have either a salic, petrocalcic, calcic, petrogypsic, gypsic,or cambic horizon or a duripan, combined with either an aridic moisture regimeor an ustic or xeric moisture regime with 
presence of 
 some free salts. 

The above demonstrates that the aridic moisture regime par sethe is notsingle criterion. On 
the other hand, the definition 
implies that normally
no Ultisols, Allisols, and Inceptisols, including Andepts,with aridic clmate. Examples, however, abound 
can occur in zones 

(Africa, Australia) of old,stable land sur faces in present -day aridic environment where the soi l s havewell-developed, 
 low-acrivity-clay 
argillic or cambic 
 horizon, dating
former, from
more humid periods. In other instances, soils 
may c'cucr in aridlcenvironment where a special parent material, like an acidvolcanic ash, aeolean deposit,or sulfuric material, exerts a major influence on the soilcharacteristics. 
 In both cases the resulting intrinsic propert iessoils are often of thenot masked by an engulfing or encrusting calcic horizon orthe like. In other words, the aridic environment has not, or notprint,d itself on the yet, imsoil in a predominating way. There is no overridingresult of genesis in an aridic environment, hence their inclusion with
 
Aridisols is unwarranted.
 

Trend c .q. hypothesi. Conceptually, "developed"
high p1l,Bs, desert soils have
and Ca throughout the 
profile, expressing itself 
often in (petro)calcic/gypsic/salic horizons at 
depths affect ing plant growth.
 

CONCLUSIONS
 

From this preliminary checking 
of trends 
per order of the various soil
moisture regimes, 
it.would appear that:
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- the soils with udic regimes have a dominantly decreasing base satura,
tion = alkalinity; 

- the soils with an ustic regime have a downwardly, approximately equal 
(iso) or slightly increasing alkalinity; 

- the soils with a xeric regime have dominantly distinctly increasing 
alkalinity; 

- the soils with a forric or aridic regime have dominantly a complete
 
alkalinity throughout: per-alkalinity.
 

If one wants to apply management-oriented subdivisions of soil moisture 
regimes at. family level and, therefore, replace "udic", "ustic ', and "xeric" 
at suborder level (and at- great group level for the Ent isols) by some other 
formative element, then the use of dec(a), is(a), in(a), and per (a) may be 
considered. 'he tel lowing partial scheme illustrates the proposal: 

Aqualf same Aquox + same ......
 

Udalf Decalf Orthox - l)ecox Udipsamment * Decapsamment 

Istalaf - 1salf Ustox * Isox lstipsamment * Isapsamment 

Xeralf -, Inalf --- --- Xeropsamment * Inapsamment 

-'torrox Torripsamment.. . - Perox 4 lerapsamment
 

The new d,0I:it t ions may comprise a cotmbinatiion of pH-B sequence and depth 
of occurret at f ree carbonate; , speci ic per order c.q. ;uhorder. 

he I s obain,,id features f rom 
act ion of a torcic or aridic mai ;ture regifne, an torder narrower thin t-he 
preselt Aridi si,} may be defind, with thelienLative nime ErmcjOoo (c 
Appendix). 

For t. so having heir predominantly the 

In all case;, the nece;sary mut.ually exClusiVe quant ifiCat,ion of limit.s 
would requ re very ample testin., on U.S. benchmark soils in first- inst-ance. 

APPENI)I X
 

Tentat ie definition of an Eremosol order
 
(proposal hoyadjev, Fl ich, Sgavleo, Wik, and Sombroek at IRB meet.ing,
 
Sofia, June, 198t; slight ly modified)
 

Ervwo,d-,l. ,rc, ,,i ! l i ,
 

- a ciluic, p.t I, ,; 0Ic, gyps;ic, or pet rugypsic: horizot with 125 cii 
or" ev mitcit rvd Sribul ion G oaC).gypsum, t,her ovidenceof st, of ( or atnd 
of a Iimbic Wrloizto,, 

or an ol,.ct riv tl >2 75 (or any approconduct ivi. y mmho within cm other 
priare depth), not connected With a high groundwater table, 
or pedogevet i: palygrskite (not applicable to "cold" deserts) 
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and lacking (withiu 75 cm or any other appropriate depth): 
- vertic characteristics 
- a mollic or umbric epipedon (or more than 0.5% C- or else, related
 

to the clay percentage)
 
- strongly saline 
(solonchak) characteristics
 
-
 sodic (solonetz) characteristics
 
- a gley (Go) horizon
 
- hydromorphic properties over a slowly permeable horizon (planosolic)
 
- arenic or fluventic properties
 
-
a spodic horizon or andic properties
 
- an oxic horizon
 
- an argillic horizon of CEC clay < 36 meq (ferralic or fersiallic),

unless overlain or engulfed/masked by calcic or gypsic materials.
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GENESIS OF VERTISOLS
 

L.P. WILDING
 

ABSTRACT
 

Three pedogenic models of Vertisols are presaented and evaluated. High
 
shrink-potentials of these clayey soils are attributed to moisture sorption
desorption at external surfaces of clay aggregates or individual clay domains 
rather than hydration-dehydration of interlayers. This process would account 
for physical instability, extensive cracking, an development of slickensides, 
gilgai microrelief and tilted wedge-shaped subsoi: structure aggregates in 
Vertisols. 

Pedoturbation is an active process but insufficien' to account for rapid 
format ion of the above physical properties or to obliterate long-term sys tema
tic pedogenic t ranslocatrions of orgonic matter, soluble sails, and carbonates. 
Cambic horizons shoiId he recognized in subsoils of many Vertisols ,rather 
tnan physically mixed AC horizons. For pedogenic purposes, gfIgai microlow 
and microhigh elements shmld be simpl,'d separateev over a constint area of 
1 i 

2 . Within a 1 m2 area saimpling tniit, CVs are abouts I0-20Z for soluble 
salts and 5-10: for exc hangeable properL ies, p, and calciumn caironaLte equiva
lent . Microfabrics of VerLisols rel lecL icroshoar f ai Ire i,, the form of 
vosepic, masepic, skelsepir, and ltl isepic plasmic fabrics. Vertisols devel
oped from mific-rich igneous or meramurphic rocks may develop argillic hori
zons as an early precursor pedogenic sLage to ext reme shrink-swell activity. 

INTRODUCTION 

Vertisols are a unique so il resource that comprise nearly 260 million 
hectares on the facce of the earlh (Alirod, 1983). The genesis of these soils 
is strongly influenced bh soil movement and turbat ion, hence the name. While 
turbation his been eunpr ii zed in lhe li .era ure, there is mount, ing evidence 
that the rit.e of churn ii g i ; not stif ic it Ito obl iterate long-term pedogenic 
losses;, I ranlI i . a, id 'icculIll at ins ()tof organic carbon, carbonates, and 
soluble s ilIt . Fur! ho r, pedot urbat i on has t d st royed f orm Lion of compound 
prism t ic-blorkv sL. r- ured cambic horizons (hlokhuis, C182; Ahinad, 1983). 
Content,ion:; Ohi Veirt is,ia should really be a subcalegory of Ent isols are 
unt ntifed. 

Space does iiot 1e rin i L dupli't i ,I, t vhelumi nous I it e ra ure on Vert i
sol pripert i,; and gerle;i . Riader ,ire referred to excel lent reviews of 
morphology, i lassifia iii ndl geniesis of Vert isols by Illokhuis (1982) and 
Ahimad (1983) and mninerlgy of Vert i ols by Dixon (1982). While the genesis 

iusof thes soils has beet, dered ;itnple ind singlI-processed, it is more 
probable tht t hey Io-, under Mill t ilp P genet ic pat hways cons iderably more 
complex than generally recognized (Blokuis, 1982). 
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The purpose of this 
paper is to review and evaluate currently hold pedogenic models of Vertisols. Special consideration is given to sampling of
Vertisols, cambic 
horizon development, shrink-swell 
phenomena, and microfabric
 
inferences of pedogenesis.
 

PEDOGENIC MODELS
 

Morphogenetic markers
 

The pedogenesis of VerLisols 
must consider those properties that are
 common to this 
soil order. These include: 
 minimal horizon differentialion,

high clay conLent., high specific surface 
area, high CEC, low organic matter
content in spir:e of usual dark pigmentation, high shrink-swell pot:ent ial,
extensive cracking upon drying, very plastic and sticky wet consistency, granular and angular blocky self-mulching surface horizons, wedge-shaped tilred
 
platy parallel-pipeds in the subsoil, slickensides, and gilgai relief.
 

At the order level, t.he morphogenetric differenl iae reflect soil insla
bility, soil movement, and cliiiat ic bias. These different, iae are: mineralsoil, with no lithic or paralithic contact within 50 cm, cracks that. are I cm widL and at- least. 50 cm deep, 30% or more clay in upper 50 cm, and one 
or more -)f the following: gilgai, slickensides tlhaloccur witlhin 25 to 0O cm of the surface, or wedge-shaped aggregates at 10 to 60 degrees from the
horizontal. Temperature regimes must- be frigid or warmer. At. the suborder
level, the period and durat ion of cracking is tIe major crit-erion, while at:the gre;,t: group level, soil color is t:he major diagnostic property (Soil Survey SLaff, 1975). Color bias of 1.5 chroma or greater for the Chrom great.
groups and <1.5 for t.he Pel great groups does not satisfactorily convey
soil moistut, revgimes because color is often confounded with parent mat:erial 
Iit:hology and geomorphic stability. 

PedoLurbaL ion model
 

Simply sLat ed, the self-swallowing concept of Vertisols argoes hat: when
 
a clayey soil with a high shrink-swell potent:ial dries, large cracks 
 developinto which surficial and sidewall material is sloughed (Fig. 1). Upon re
wetting, lie cracks I ill with water, swelling of entrained material and adja
cent subsoil ensues, and a sflue problem is generated. Swell ing pressures

are rel ieved by ohblique upward shi I t 
ing of the subsoil to accomnodate the 
space occufpied by he il i I led crack. This modl holds that pido urbal ion
is sufficiept to retard 
or obl iterate pedogenic horizonat ion. According to 
proponent s of this moel, th chuirninig act ivity and forces assoc iat ed witfi
it. result in sl ickenside [ormat ion, gi Igai micrf opography, and wodge-shaped
structural uni s commonliy observ,,, in ose :,ciIs (lilgard, I(00; VagelIr
and A l.vin, 1932; Beitt-ot h, I f; .w rth andh Hll 
 Beckm ual, 1%09; Vester (t 
al.,1973; Buol ei iW ., 1980). 

Whi le pedol urbtim ion in Vert isol s i: , 'yndik pr o ,:, il is aii itscom
plet1v genetic (,lnept and fiails to aufequat( ly account ort lhe f oIIowing rela
t ionships and features: 
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Ground Levoei 

c " 
30 

ngl4 "'Structur .' 

30 ""* '" I ' ..- : ". . 

*- . -.- -** ---- " • , -- -*:. . . . ; '- .k ~ . 

90 ~~C B (Bals - - 'or Richj-
l~ty easonWet Season 

Soils crack Surface soil Soil expands pushing 
fails Into the cracks up soil surface 

Pig. 1 - Pedoturbation or self-swallowlng' model of structure, lickensde 
and gilgai formation in Vertisols. (From Fig. 16.3, Buol, et a., 
198O, page 235). 
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1. Systematic depth functions 
of organic matter, carbonates, and soluble
 
salts (Wilding et al., 1980);
 

2. Systematic increasing depth 
functions for mean residence times of organic
matter with depth similar 
to other soils not subject to cracking (Yaalon

and Scharpenseel, 1972);
 

3. 
 Maximum slickenside development below the depth of maximum seasonal cracking and the zone of maximum cracking infilling (Yaalon and Kalmar, 1978;
El Aberdine et al., 1971);
 

4. Gilgai and structure formation more rapid (5 to < 200 years) than canbe accounted 
for by the rate or 
total amount of crack infilling (Bremer,
1965; Yaalon and Kalmar, 1978; Parsons et al., 
 1973; White, 1967; and
 
observations by the author).
 

The systematic depth functions of soil properties argue strongly thatthe rate of pedoturbation is not so rapid as to obliterate long-term translocation. If pedoturbation in the actively cracked zone were intense, onewould expect constant depth functions in the mixxed zone followed by markedincreases with depth. These relationships don't hold, but Yaalon and Scharpenseel (1972) did observe that the increa!;s in mean residence time of organicmatter with depth was slower for the VertisoIs -.ompared to l1dolls and Udalfs,due probably to pedoturbation effects. Another complication to this modelis that pressures generated by rewetting and swelling of the infilled crackmaterial would likely be resolved by upward movement in the crack zone ratherthan oblique stresses. Lack oi confining stresses from above reflect longhysteresis effects of crack closure near the soil surface. This would preclude development of extensive lateral stresses due to space readjustments
for infilled material as illustrated by Buol (1980), (Fig.l). 

Differential loading model
 

This theory offered by Paton 
 (1974) Euggests that gilgai forms by processof different-ial loading where clays move from areas of high confining pressureto areas of low confining pressure. Paton suggests that surface soils ofunequal thickness and low plasticity exert differential pressure upon an underlying plastic subsoil or substrat urn. Analogies were drawn from sedimentaryload structures and inudlump islands of the Mississippi delta (Morgan et al.,1968). In the latt-er, densely packed, water-saturated sands auid silts overliehighly fluid muds. Under these conditions, the overlying, more dense sandsand silts tend to sink in less dense muds. The muds move laIrt rally and upwards towards; areas of lower conf ining pres,;ures. The driving tilechanism results from large (isparities in donsit iv.i of lie two malerials (Gustavson, 
1975).
 

The analogy of gilgii format ioin to sedimentary loading is questionable
for the following reisul s: 

1. Marked density dilerenc es have not been observed between horizons or among gilgai elements in Vertisols (Gustavson, 1975). 

2. Sedimentary loading structures have formed on depositional slopes, thestructures tend to be elongated t.ransverse to slope direction. Lineargi lgai on steeper slopes have elongated ridges and troughs parallel to
slope direction (Gustavson, 1975). 
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3. The required regularity of the gilgai pattern would not seem compatible 

with the processes causing density differences in sedimentary loading 

(Blokhuis, 1982). 

Soil mechanics model
 

This model of Vertisol pedogenesis was first offered by Howard (1932)
 

and amplified on by Yaalon and Kalmar (1978). It is not as well-known or 

accepted by pedologists but is held in vogue by civil engineer.s (Gustavson,
 

1975). Simply, it says that soil materials will fail along shear planes
 

(slickensides) whenever the swelling pressures of a confined system exceed
 

the shear strength of the soil (Yong and Warkentin, 1975; Yaalon and Kalmar, 

1978; McCormack and Wilding, 1973). The shear strength of a soil is a func

tion of cohesion plus the angle of internal friction. Cohesion is a function 

of bulk density, clay content, clay mineralogy, and moisture content (McCor

mack and Wilding, 1979), while the angle of internal friction is related to 

abundance, roughness, and interlocking of skeleton grains. Upon swelling, 

a soil is acted upon by two sets of stresses -- vertical and lateral 

(Fig. 2). When the *,ertical stresses are confined and lateral stresses exceed 

the shear strength of the soil, failure occurs along a grooved shear plane 

theoretically at 450 to the horizontal (Fig. 2). In practice such shear fail

ure may range from 10°to 600 (Smart, 1970). 

Consider a dry soil that is rowetting. The wetting front takes place 

oownward fromnthe self-mulching surface horizons and upward from lower solum 

via tapered cracks initially filled with water (Blake et at., 1973). Absorp

tion of water, swelling, and expansion of the surficial horizons is relieved 

by upward moement ol the surface. However, in the subsoil overburden pres

sures confire vertical movement and lateral swelling is resolved by crack 

closure and subsequent development of swelling pressures that exceed the soil 

shear strongth. Swel I ing pressures in Vertisols are of the order of 1 to 

5 kg/cm2 (Komornik and Zeirlin, 1970; Gustavson, 1975) but shear strengths 

aL moisture contents when failure is most probable are below I km2 /cm 2 . Later

al swellin g pressures may oft-en exceed vertical swelling pressures by a factor 

of 4 or more (Yong and Warkentin, 1075; Komornik and Zeitlen, 1970). 

Upon shearing, soil materials are translated along slickenside glide 

planes. Blokhui., (1982) and Ritchie et al. (1972) have suggested that slicken

sides near the bes o. tLhe solum and along the wavy A-AC contact are contin

uous from an area below the center of the microlow towards a higher position 

below the center (f the microhigh. This is; also consistent with observations 

of Wh iti and Bonestell (1960). When observed in the third dimension, slicken

side pat terns of normal gilgai ofi.en form cones of revolution with the vertex 

centered in the microlow (Newman, 1982; field observations of the author, 

Fig. 3). It- is postulated ihat along such oblique shear planes blocks of 

subsoi I and subst-ratum are upthrust and downtlhrown. A similar process may 

explain linear gi lgai exept the sl ickenside planes form a corrugated pattern 

parallel to the slope gradient. 

It is speculated that: sl:ickensile patterns are related to major desicca

tion cracks that init ially formed during seasonal dry periods in the parent 
form similarmaterial. For normal gilgai, cracks would a polygonal network 

to those currently found in microlows. Upon rewetting and swelling, oblique 
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slickensides would form inclined to the direction of major principal stress
 

(lateral); soil material would be translated along these planes. Once ini

tiated, a slightly undulating topography would result and leaching potential
 

would be enhanced in microlows along major and minor desiccation cracks.
 

Leachates would move downward until intercepted by oblique slickenside planes.
 

Then most of the flow would be diverted and effectively funnel to the micro

low. Both the topographic relief and slickenside pattern favor development
 

and leaching of microlows while microhighs are renewal sites for subsoil and
 

parent material. Once microrelief is established, desiccation cracks will
 

be best expressed in microlows because they have the highest noncarbonate
 

clay content, undergo the greatest differential in moisture content, and have
 

the highest shrink-swell potential (Blokhuis, 1982).
 

It is postulated that coarse-textured, recent overburden mantling clayey
 

subsoils will decrease slickenside activity and gilgai formation. Such a
 

mantle will effectively serve as a "dust" mulch in breaking the micropore 

continuity, decrease evaporative potential and decrease subsoil moisture oscil

lations that give rise to maximum shrink-swell potentials. This may partially
 

explain the absence of gilgai relief in ash-mantled landscapes of central 

El Salvador in spit, of evident slickensides in subsoils. Alternatively 

or complementarily, tee infrequent number of wet-dry cycles in this seasonally
 

wet-dry climate may hinder gilgai formation.
 

In summary, the proposed stages of gilgai formation are schematically 

illustrated in Fig. 3. This model accommodates the rapid formation of slick

ensides, pdgenic structure, and gilgai relief. It: is compatible with system

atic depth functions commonly observud in Vertisols and differential inten

sities of dOvel opment between microhighs versus microlows (discussed later). 

Further, i "ecognizes pedoturbation as a long-term process but one which 

is not softiciently dynamic to obliterate the above Vertisol properties. 

SAMPLING OF VERTISOLS
 

Soil Taxonomy (Soil Survey Staff, 1975) states that the sampling unit 

is the pedon and the unit. of classification is the polypedon. The pedon 
2 ranges from I to 10 m in area or I to 3 m in length depending on whether 

soil formation and composition are uniform spatially. In most cases Vertisols 

would occupy the larger oI these variable dimensions and include one-half 

the gilgai cycle comprised of microhighs and microlows. 

A variable-dimension pedon generates a problem in defining the sampling 

unit for Vertisol s. Should the sampling unit be the microhigh, the microlow, 

the midrange between thse t.wo componerlts, or tlhe entire area represented 

by one-hali the cycle? In pr'actice, it is common to sample the microlow and 

describe horizon thickness and Inpography wiLhin the cyc I ir pedon. This does 

not foster a pedodgo ic understanding of properties or behavior between the 

cyclic components and skews our concept of Vertiisols to those properties mea

be de
2 

sured in microlows. For tIhese reaons H is proposed that the pedon 

fined by a constant area of 1 i . Vertisols with cyclic or intermittent hori

zonation would have one peitn sampled at the center of a microhigh and one 

pedon sampled representative of the microlow. For those lacking such topo

graphic or compositional irregularity the pedon would be the same as for soils 

that now have uniform horizonation. 
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Fig. 3 S ic il IIstration of possible stapes (A-F) in the fornmajtion of 
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Applying the above podon concepts, spatial variability within a I m
 

area of a Houston Black series (Udic Pellustert) microlow is illustrated in
 

Fig. 4. The CV's for saturation extractable cations and anions indicate that
 

most soluble salts have CV's of the order of 10 to 20/o except Na and SAR which
 
are about 5%. For exchangeable properties (i.e. Na, CEC, ESP), pl and CaCO 3
 

equivalent to the CV's range from 5 to 107. These results indicate that sam
2


pling four lateral subsamples within a I m area for horizons of interest.
 
would permit mean estimates of chemical parameters of Vertisols within prob

able errors of 5 to 107. for most soil properties using an 80% confidence
 
interval.
 

Differences in depth functions for OC, EC, extractable Na and calcium 

carbonate equivalent between microlow and microhigh pedons are illustrated 

for Houston Black series Fig. 5. These depth functions demonstrate that micro

lows have: (i) greater depths of carbonate leaching; (ii) lower calcium car
bonate contents; (iii) greater depths of OC accumulation; and (iv) higher 

soluble and extractable salts. To understand the genesis of these soJ s, 

gilgai elements should be sampled separately. They have different properties 

and horizonation (Fig. 3). 

CAMBIC HORIZON DEVELOPMENT
 

By convention, and sometimes with little morphological evidence, subsoil
 

horizons in Vertisols have been designated AC to denote physical mixing of
 

these two horizons. Pedoturbation was believed to be so dynamic that cambic 
horizons were precloded. This in spite of well-documented depth functions 
for OC, carbonate and soluble salt translocations and subsequent accumulations 
as illust r ted in Fig. 5. Further, pedogenic formation of compound prismatic
blocky structure in subsoils ik characterist-ic of cambic horizons. For the 

above reasons, it is fully appropriate to use horizon symbols that connote 
cambic horizon pedogenesis including Bw, By, Bk, Bz, BCk, BCy, etc. as justi
fied.
 

Pedogenic carbonates in Vertisols occur as soft, diffuse and indurated 
channel inf i I I i ngs , nodules and cut ans throughout the sol um or in lower Bk 

and/or BCk hori zons (Blokhuis et. aI . , 1968; 1969). Translocation of gypsum 
and soluble ';ilts occur to depths at: or just above maximum accumulation of 
carbonates; such salts are connonly immobilIzed in lower BC horizons or at 
the contaoct. with loss permeable C horizons (Fig. 5). More intensive trans
local itio carbonates and salts oCI Ur in microlows than microhighs, probably 
as i consequence of great cr voluimes of water ent rapped and leached through 
microlows. Below surti ial horizons, subsoi Is of microlows contain about 
1/2 1o 2/3 t he carhonit c cont tnt s of microhlighs. St rong ev idence for di ssol u
t ion and I t>;s of :;tirbo lte; o('( urs in microlows compared I o paired micohighs 

(Fij,. 5, and Yule and Rit thie, 1)80). 

f 1A r dept toar m, 

in micralowi. This distributionl is not. indicat ive of a depth unct ion pri
narily itt ri htjtd to peitot urhat io . Dis;ti bu1)11It ioas nitat{to ire too 

Sytt ema t it t rainslocat ions OC0 Ot: Io is of 2 especial ly 

V ni c 

regulaor aid ito deep too i ;teccounted ot r by this process. Apparent ly dark 

pigmintat ion in test so i Is ccoitmlpanied by low organic iat-tetr levels is a 
consequetnc c i c Ii y--o ra ntic compe bonded pr itna ci Iy to clayI oxes exterior 
su races (Dixon, 1982). 
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Fig. 4 - Observed chemical variability within a sampling unit of 2 
mH for 

Houston Black (Udic Pellustert) microlow gilgai element.
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Fig. 5 - Depth functions for organic carbon, CaCO3 equivalent, extractable 

Na, and electrical conductivity for microlow versus microhigh 

gilgai elements of a Houston Black (Udic Pellustert).
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SHRINK-SWELL PHENOMENA
 

Clay mineral influences
 

Vertisols are noted for their high clay contents, high shrink-swell poten
tials (COLE values from 0.10 to 0.20 or 
higher) and sMecti:ic or other expand
able 2:1 layer clay mineral systems (Dixon, 
1982). limigh clay contentlS are 
either inherited from the parent sediment or rapidly formed from labile mafic 
pyroclastic, igneous or metamorphic rocks. The format ion and stabiliry of 
smecritic clays in Vertisols has generally been attributed t.,o base-rich envi
ronments, but- Dixon (1982) suggests that dissolved silica may play an impor
tant role.
 

A commonimisnomer is hal. marked vol ume chan e(,s are due to hydrat ion 
or dehydration of l ie cliv iotvrlayers (laiiiIae ). Green-Kelly (1974) con
cluded that interpirt i,:!,,rather than interlama llar shrinkage was the princi
pal component ot bulk so 'inka go. Because swelling Of cl;iy plaisma aggregat.es
(quasi-crystals) is .ompliee a low witer poutAnt ial ; ( < - 20 bars, Norrish,
1954), observed field vniume changes must occur outside he plasma aggregates
(Yule and Ritchie, 1980). According to Yule .uid IRitchie (1980), shrinkage
in Vert i sols i lioclmaI , eqUidimensional anrd l ineair aver tive trallgef 1"i I'esi
dual water loss (fblow the 'cinkage limit) uipto trolu ral water loss (above
 
the swelling limit).
 

It- is not the clay mineralogy that di-tat es soil ;lirinlk-swell potenit iai 
bul rather the amount of ext,'-nal surIace area assu ciii ed with plasma aggre
gates or intdividual clay (l0n,iins. The high shrink-swell potenlial of smert.i
t.S is 0due I o t l, i r notr1 I o o u rrence iii i ilot- 'railled ( lays. Kao I i nit i c 
or other c liv :n i i sti t e ; co lId gerii' 'ale e qual1y i-iI p, sh r i nk-swe I I atIri 
but. es i t hiv occur r-d in f i , ra in si zes , but t hi n s usual I y tio the case. 
For these riasons, Viiertis ls wit-h ,iwide ralige ofi clay suities are possible
 
but, smectit ic miner logy is most proba ble.
 

ticofabric inferi'ii'
 

The shr iik-swi' I I at rihut es ofi Ver isol s are known to strongly ctnt.rol
lie width, dept h, ind pieriodicity ot crackiin, ( lBokhuis, 1982). Cracking 

ii1 turn coilt ro t h wa ter i e hit',e which reu-,Llts in differential swelling
withi i soil Q rices an ', ia ed '!itI swel I ig,tle matrix. ive ri se to struc
rural *itt.ribut.e; oif thi';i soils, pr lis
ace' oin ped sorfaces, atnd sIicken
sides, all of which 
ire ibserved in mbi riiairics. 

Mi c rof a h r ics oI Vetrt i sol s rp I r,,cini c rosiahi r pihoi oi'lna and a re milanifest
 
by vosepic, skisepi c, maisepic, lat isepic , or si1i' 
 cirnbiatit o t i he above.
 
Blokhuls (1982) indiates a number of authors have 
 ident iflied vosipic fabrics. 
These would likely ri"!eut pressure faces or major sliik'nside surfaces cause(]
by high latiral or vrt ical st rsses. CommonIly, thils autlor has observed 
multiple sepic fabrics within 11w s-m trix indicativ of different ial well ing
and swelling on a microscali (Mic:Cormack and Wilding, 1973). Fig. 6 suggest s 
schemat ical Iy how such mirofabrics could foit. YaalIoi and Ka Imar (1978) 
suggest i rregu Iar we t. i ng and p tIli rered swe I I i ng a und sind gra ins produc i ng
upward direcl ional migrat ion. While evidence Ior this phenomeInoin has not. 
been observed from textural depth funcl ions of Vert. isols in Texas, skelsepic
microfabrics likely reflect differential swelling and particle rotation in 
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Fig. 6 - Schematic illustratioi of proposed origin for stress
 

oriented plasmic fabrics found within structural units
 

of Vertisols. Microshear generates masepic, skelsepic
 

and lattisepic plasmic fabrics. (Taken from Fig. 5,
 

McCormack and Wildiiig, 1973).
 



close proximity to skeleton grains. 
 In calcareous Torrerts of 
 southwestTexas, the major plasmic fabric is cryst:ic because of he abundance of fine
grained calcite.
 

Argillic horizons or evidence of clay translocation are seldom observedin Vertisols. Dispersion of clays is not favored by their Ca and Mg saturation, presence of carbonates, or stable organic-clay interact ions. Further,subsoil pod surfaces are too dynamic and unstable to serve as favorable sitesfor illuviation. However, Blokhuis (1982) has cited several reports of clayin Vert isols and in a recent study of Usterts formed from ande
translocation 
site in 
 El Salvador a well-expressed argillic horizon with ferriargillansoccurs below the major zone of pedoturbation and slickenside activity. 
 Formation of an argillic horizon in such 
Vertisols 
is the precursor IC) formation
of the physically active-cambic horizons which have 
incorporated the argillans

and papules in the s-matrix.
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VERTISOLS IN THE COLLECTION OF THE INTERNATIONAL SOIL
 

MUSEUM AND SOME SUGGESTIONS ON CLASSIFICATION
 

J.H.V. van Baren and W.G. Sombroek
 

ABSTRACT
 

This contribution contains descriptions and analytical data of eighteen
 
Vertisols belonging to the collection of the International Soil Museum (ISM)
 
at Wageningen, the Netherlands. It also gives some suggestions and discussion
 
points on their classification in Soil Taxonomy and FAO-Unesco Soil Map of
 
the World legend.
 

MATERIALS AND METHODS
 

Over the years, ISM collected nearly 20 Vertisol profiles and about
 
10 soils with vertic properties. Of these, 17 Vertisols have been analyzed
 
with standard methods. The description of site and soil and the analytical 
data are given in an Appendix, available upon request from ISM. The ana
lytical data have varying degrees of completeness, with COLE data lacking 
in particular. In fact, the collection awaits enlargement with profiles 
from Sudan, USA, Argentine, Venezuela, and Kenya. Then a systematic compara
tive study can be undertaken by any future guest, researcher At ISM. 

The fol lowing soils are comprised !. this contribut ion: 

Country and lAO-Unesco 	 USDA 
Soi l Code Legend 	 Soi l Taxonomy
 

Australia AUS4 Chromic VerL.isol 	 Udorthentic ChromusLert., fixed, 
miyed (?). tLhermic 

AUS5 Chromic Vert isol 	 Typic Cliromoxerert, very fine, mixed, 
t:
he rm i c 

AUS6 Pel lic Vert isol 	 Typic Pel luderL, fine, monimoril loni-
Lic, Lhermic 

Botswana RB2 Pellic VerLisol Typic Pellustert, fine, nontmiiril
toniL.ic/mixed, hype rthermic 
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Country and FAO-Unesco 
 USDA
 
Soil Code Legend 
 Soil Taxonomy
 

Greece 
 GRI Pellic Vertisol Typic Pelloxerert, very fine, mont
morillonitic, mesic
 

GR6 Chromic Vertisol Entic Chromoxerert, fine montmoril
lonitic, mesic
 

India IND8 
 Chromic Vertisol Typic Chromustert, fine montmoril
lonitic, hyperthermic
 

Italy 113 
 Chromic Vertisol Aquic Chromoxerert, very fine, mixed,
 

mesic
 

Namibia SWA9 
 Pellic Vertisol Typic Pellustert, fine, mixed, hyper

thermic
 

South Africa ZA8 
 Pellic Vertisol Udic Pellustert, fine, montmoril

lonitic, thermic 
ZA9 Chromic Vertisol Typic (udic?) Chromustert, very fine, 

montmorillonitic, thermic 

Spain E3 Chromic Vertisol Typic Chromoxerert, fine, montmoril
lonitic, thermic
 

E12 Chromic Vertisol Typio Chromoxerert, fine, montmoril

lonitic, thermic
 
E18 Chromic Vertisol Typic Chromoxerert, fine, montmoril

lonitic, thermic
 

Thailand 
 T2 Pellic Vertisol Udic Pellustert, fine, montmoril
lonit ic, isohyperthermic
 

Turkey TRl4 
 Pellic Vertisol 	 Typic Pelloxerert, fine, montmoril
lonitic, mesic
 

Uruguay 
 URU2a Pellic Vertisol 	 Typic Pelludert, fine, montmoril-
Ionitic, thermic
 

The Uruguayan examplet is of spec ial interest. It: is a double profile
because of outspoken gilgai features. Gently undulating uplands are concerned
with a microrelief of gilgai in a wavy, linear pattern, forming a feather 
or fingerprint-like patLern on aerial plhotographs. The horizontal distancebetween the tops of the wawv s varies 1rei four to eighr meters and thereis a striking difference in soil deelopment nn top of the waves and between 
them. In the first 	 case, the very dark grey to0 black Al (All to AlM) extendsto about 100 (m depth; in the second ree , it is only about 20-30 cm thick.
In both cases, the Al is underl ain by a thin ACck grading nto a Cck (Kaplan
and Ponce de Le6n, 1981). 
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Rather than characterizing the mapping unit concerned by two taxonomic
 
soil units, i.e. Typic Pelludert and Rendoll (?), the Urugayan soil scien
tists prefer to consider it as one (poly)pedon, called deep phase and shallow
 
phase of a "ruptic" Vertisol ("ruptic" not for vertically abrupt transition 
but for horizontally discontinuous; cf. Altamirano et al., 1976). in con
trast, the Vertisols without "double-profile" are called "haplic" Vertisols. 
In the deep phase of the ruptic Vertisols, there is evidence of clay trans
location, which is confirmed by micromorphology. An A-Bt-C(ck) horizon
 
sequence is found; hence, a local classification of "luvic" (and ruptic)
 
Vertisols is applied.
 

DISCUSSION
 

The relatively small number of profiles did not allow general statements 
on the classification of Vertisols. Some specific points for discussion
 
(partly based on the observations and data of the ISM soil monolith collec
tion) are, however, mentioned below:1
 

I. It may be useful to give a special name and code to the subsurface 
horizon of Vortisols (and vertic subgroups of other soils). Such a horizon 
would have a well-developed prismatic structure, pronounced slickensides, 
a minimum percentage of clay and montmorillonitic or at least mixed clay 
mineralogy.
 

For one, such a denomination would avoid the awkward multiple sub
divisions of the A] c.q. the Ac horizons found in many Vertisol profile des
criptions. One may then speak of a "vert ic horizon," with the coding P 
(for Pelosol - Kubiina/M(lckenhausen) or better even the coding V (for Verton -
FitzPatrick). Reference is made to the paper of McGarity (this Workshop) 
which also proposes to use V. 

A denomination such as Bw (applied nowadays in the USA, or as Bv 
or (B)v as applied in Germany), would seem to he less appropriate because 
it concerns not a horizon of "weathering," but one of structural development. 

2. The classification ot Vertisols on account of the presence of gilgai, 
intersecting slickensides, and wedge-shaped oriprallelopiped 3tructural aggre
gates needs a quantitative def inition of these phenomena. Additional ly or 
alternatively, COLE value limits may be applied. Specifically, minimal 
requirements should be established to distinguish Vertisols proper from soils 
of Vertic subgroups. 

3. The presnt subdivision of the Vertisols at suborder level into 
Torrerts, Xorert.s, Usterts, and Uderts--with definitions mainly related to 
a different duraLion of cracking over the year, rather than to the soil 
moisture rugime within the ped.1--is very management-orienred and at times 
awkward once irrigation is pract iced. The influence of different climatic 
environments on soil characterisr ics migh he better defined on the depth 
of occurren, o of free carbonates (lime and/or gypsum). The subdivision 

IWritten largely before ICOMERT's circular letter no. 2 became available 
(Comerma, 1982), hence, partly overlapping. 
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concerned may then be relegated 
to a lower categoric level 
 and the carbonates
criterion may be 
complemented with clay mineralogical and base-saturation
criteria; Vertisols 
in some of the old, filled-in river valleys ("dambos")
of the Eastern-African peneplains may have 
relatively low CEC-clay values,

i.e. below 40 meq/lOO g and they may be acid as well.
 

4. On the other hand, there may be a case for distinguishing Aquerts,
notably for Vertisols in river 
plains with a shallow phreatic level in the
dry season. 
 It is doubtful whether the distinction 
can be made on color
criteria alone (although tend to
such soils have dark grey rather than very
dark greyish-brown 
horizons). Quantifying the minimum 
duration of flooding
or submergence c.q. shallowness 
and oscillation of the groundwater 
level
 
may in such cases be a better proposition.
 

5. As mentioned in ICOMERT 
circular letter number I (Comerma, 1981)
the present definitions of "Chromic" and "Pellic" do not result 
in a satisfactory subdivision between the 
 Vertisols in a position of free external
drainage (those 
on sloping terrains) and the Vertisols 
in a position without

external drainage (those on 
flat terrains, but without flooding 
or shallow
 
groundwater level).
 

The erstwhile differentiation 
between "lithomorphic" versus "topomorphic" Vertisols (as for instance used for the CTCA soil map 
of Africa
(D'Hoore, 
1964)), was straightforward and useful 
for mapping purposes; and
 an effort may be made to reintroduce it, possibly at 
suborder level.
 

6. There 
 are quite a few Vertisol-like soils that have very thin
(<lO cm) topsoils of a massive and hard 
nature and relatively light texture
 over strongly cracking subsurface and subsoil horizons that 
conform to all
criteria for Vertisols (abundance 
 of slickensides, montmorillonitic clay
minerals, 
little or no clay skins). Through plowing, the surface features
concerned become 
 temporarily obscured 
rather than obliterated; at drying
out after the first postplowing rains 
the lighter, 
textured topsoil reassumes
its massive nature. The 
soils occur, for instance, in parts of Kenya
in Uruguay, and have been called 
and
 

"minimal Planosols" at time. a
one For
part, they would 
fall under the "mazic" Vertisols of early approximations

of Soil Taxonomy.
 

Rather than bury such 
soils in the mullitude of taxa of 
the Alfisols
or Inceptisols, 
one may want to bring to the fore 
the relationship with the
"modal" Vertisols by allowing 
 lower percentages of clay in the 
plowlayer
than the present 30%. In general, "mazic" and "grumic" Vertisols shouldbe reintroduced, for instance at the third level; the "tendency to resealingor hard-setting after cultivation" may well be measured quantitatively in 
the laboratory. 

7. There may be a case to distinguish luvic Vrtisols for the profileswith soine degree of argilluviation, 
 and ruptic Vertisols for the doubleprofil,, situations as reported by Uruguayan soil scientists. Thete distinc
tions can be made at a relatively low categoric level..
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RELATIONSHIPS BETWEEN VERTISOLS AND
 

LENGTHS OF GROWING PERIOD IN THE DEVELOPING COUNTRIES
 

M.F. PURNELL
 

ABSTRACT
 

Using the classification of climate made for the FAO Agro-ecological
 

Zones project and the World Soil Map as data base, the distribution of the
 

Vertisols in zones with different lengths of growing
 

periods is described. There are great differences between the five different
 
Pellic
 

Chromic and pellic 


continental regions covered, both in the proportions of Chromic and 


V_tisols and in the main climates in which they occur.
 

BACKGROUND
 

The objective of this paper is to provide some information on the global 

distribution of Vertisols in relation to climate. 

The bise data are provided by the FAQ/Unesco Soil Map of the World 

(FAQ, 1974) and the FAQ Agro-ecological Zones (AEZ) project (FAQ, 1978). 

Acknowledgemit is made to Mr. G.M. Higgins for permission to use the AEZ 

data and to Ms. M. Zane:ti for preparing the graphs.
 

The AEZ project was aimed at providing quantitative estimates of the 

extent vid agricultural productivity of the arable lands of the world. For 

the climat.ic inventory a new system had to be developed, placing equal em

phasis on temperature and on soil moisture, in order to compute the period 

when available wat:er and temperature regime permit crop growth, i.e. the 

growing period. The growing period is defined as the continuous period (with 

when rainfall exceeds half the potential evapotranshigh enough t emperture) 

pirat:ion (calculated by the Penman mt 
hod) plus e days required to use 

up an assumed 100 im of stored soil moisture. A 'normal" growing period 

has a hmi d phase, when rainfall exceeds potential evapotranspiration. 
rainfall is less than"Intermediate" growing periods are recognized where 

potential vopot rnspiral:ion but mare than half of it (so plants can grow 

but under moisture s irrss). 

Zones with equal lengtlrs of growing period were mapped showing isolines 

at intervals of 30 days (Itrn 90-120 days up to 340-365w days), plus areas 

no growing ppriod, 0-75 days growing period and 75-90 days growingwith 

period. (See Table I for the list: of growing period zones.)
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Table 1. AREAS OF VERTISOLS BY LENGTH OF GROWING 7rRIOD 

('000 ha) 
Length of 
Growing 
Period 
(days) 

AFRICA 

V c Vp v 

SOUTH 
AMERICA 
Vc Vp V 

CENTRAL 
AMERICA 
Vc VP 

SOUTHWEST 
ASIA 

vc Vp 

SOUTHEAST 
ASIA V 
c v v 

DEVELOPING 
WORLD 
Vc 

0 

1- 74 

75- 89 

90-119 

120-149 

150-179 

180-209 

210-239 

240-269 

270-299 

300-329 

330-364 

365-

365+ 

1,322 225 

425 9,454 

74 3,343 

204 3,898 
774 3,950 

1,700 12,851 

1,914 6,143 

606 940 

161 806 

71 268 

2 8 

1 -

3 

4 

6,164 

1,950 

3,207 

6,417 

9,285 

5,864 

2,485 

2,135 

1,358 

296 

296 

108 

487 

-

-

-

18 

1,251 

1,167 

528 

506 

1,059 

305 

14 

- 115 

446 503 

353 100 

348 138 
219 2,401 

174 389 

381 2,264 

685 834 

338 427 

674 1,884 

336 4,463 

395 1,758 

239 87 

21 164 2,129 

291 

2 540 
66 1,451 

219 3,003 

184 1,534 

43 1,499 

66 1,139 

117 725 

30 192 

3 106 

42 

-

36 

2 

6 

1 

6 

43 

234 

531 

1,948 

695 

298 

264 

43 

7 

13 

116 

-

12 

1,040 

2,916 

7,450 

16,601 

10,940 

4,297 

285 

209 

223 

261 

96 

281 

746 

2,530 

1,971 

2,871 

1,966 

519 

1,101 

563 

562 

57 

100 

1,322 2
68 

488 11,104 

74 6,612 

258 11,932 
2,027 21,367 

2,873 26,132 

2;443 11,700 

1,118 2,251 

1,227 1,419 

389 1,282 

132 635 

1 49 

12 523 

119 

6,796 

3,087 

6,415 

12,240 

15,812 

11,671 

5,337 

4,802 

4,530 

5,513 

2,217 

295 
56 29 56 516 

Total 7,254 41,889 40,056 4,842 4,58815,363 21 894 12,609 93 3,749 307 148 44,655 13,015 12,364 95,775 81,350 

V = Undifferentiated Vertisols 

Vc = Chromic Vertisols 

Vp = Pellic Vertisols 



The 0-90-day periods coincide well with the aridic moisture regime of 
Soil Taxonomy, and the dividing line between Ustic and Udic moisture regimes
 
coincides in an approximate way with the 180-day growing period isoline. 

By superimposing main climatic divisions, mainly based on temperature,
 
and the growing period isolines on the Soil Map of the World, an original
 
map of agro-ecological zones was produced. The acreage of each unit with 
similar soil and climate conditions was measured and stored in computer. 
The data can be retrieved by climatic zone, by soil, or by country.
 

This is a simplified account of the procedure which was, in fact, much 
more complicated to take into account annual variability and numer-is special 
soil and climate constraints. The agro-ecological zones have been used in 
many different ways, especially in estimating constraint-free biomass pro
duction, yields of crops, population-supporting capacity, and technology
 
transfer.
 

The base data can be used to show in which zones of growing periods 
the Vertisols occur. The Vertisols on the Soil Map of the World are in
 
three main groups: the Chromic Vertisols with chroma more than 1.5, the 
Pellic Vertisols with chroma less than 1.5, and undifferentiated Vertisols. 
Thtse groups coincide with the Chromu and Pellu groupings of Soil Taxonomy. 

The AEZ projert covered the developing countries, which are divided 
into five regions: Central America, South America, Africa, Southwest Asia, 
and Southeast Asia (for boundaries see FAO, 1978). , It must be emphasized 
that North America, Europe, and the USSR, China, and Australia are not in
cluded, although they include extensive areas of Verti,ols. 

VERTISOL DISTRIBUTION
 

The total areas of the Vertisols in the different growing periods are 
shown in Fig. I. There are two peaks of occurrence: in the 0-75-day growing 
period zone and around the 150-180-day zone. Few Vertisols occur in the 
wetter zones. There is akso evidently a clear teadency for Lhere to be a 
higher proportion of Chromic Vertisols in the drier clifites and a much higher 
proportion of Pellic Vertisols in the welter climates. 

In Fig. 2 and Tabl( , the (fist.ri but ion is shown for each of t.he five 
regions of the AEZ project. 

In Africa, there are t.w) peak areas -)f Vert-isol occurrence: it, the 
aridic c limat(es and ar,,nd t.he 180-210-day growing period. Both Chromic 
and Pellic Vertisol s have ;imilar distrihut ion in relal ion to lengths of 
growing period. There aro few Vrt i sols in tI,, welt.tr arcls. 

In Southeast. Asia, by con rast, there is only one- peak of occurrence 
around the 120-l 0-day growing peried. Iost of the Vertisols are Chromic. 
IL may he noted that- the majority of the "Black cot-ton soils" of India, in 
fact, are Chromic rather than Pellic. 
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Fig. I VERTISOLS AND LENGTHS OF GROWING PERIOD 
IN THE DEVELOPING COUNTRIES 
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In Southwest Asia, there are few Vertisols, and almost all are Chromic. 

They occur mostly in the 150-180 -day growing period, which is the wettest
 

part of this dry region, and not in the dry areas.
 

In Central America, the distribution is similar to that in Africa,
 

the arid area and most in the 180-210 - day growing period.with some in 
soils are Pellic with few Chromic Vertisols.
However, by contrast, most of the 


In South America, quite a different picture emerges. Most of the
 
asoils are Pellic and they occur mainly in the wetter areas with peak 

in the 310-340 - day growing period. This is not altogether unexpected 

cocoa in such countries as Colombia and Nicaragua is 

cocoa is not grown on Vertisols 
since much of the 


grown on Vertisols, whereas in West Africa 

because they do not occur in the suitable climatic zone.
 

CONCLUSION
 

An explanation of the marked differences between the continents cannot
 

be given at this time; detailed study would be needed.
 

It is evident that the Pellic and Chromic colors are rather weakly 

linked to climatic moisture conditions. However, topomorphic and litho

morphic effects are of equal or greater importance. 

A degree of caution is appropriate in comparIng experience from dif

continents, either for taxonomic classification or for management 
the same 

ferent 

technology transfer, because the experience may not relate to 

suite of soils. 

it is not sug-To avoid misunderstanding, it must be made clear that 

gested that growing perniod lengths should be used as the basis for a climatic 
Experience with the developmentclassification of Vertisols or other soils. 

of the AEZ project is that it is an extremely complex matter to work out 

capable of predicting plantan agro-ecological climatic classification 

growth. The climatic regimes adopted in Soil Taxonomy should indicate 

the climatic conditions in the soil, such as rate of weathering and whether 

the soils are being le, hed weakly or strongly or not at all. This is 

indeed of importance for plant growth, but it is a secondary effect through 

the climatic influence on the so!l. The inclusion of a climatic classifica

tion sufficiently detailed to make useful predictions of plant growth does 

not seem practicable within the confines of Soil Taxonomy. 
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APPLICATION OF GEOSTATISTICS FOR SOIL SURVEY 
AND LAND EVALUATION
 

B.B. Trangmar, U. Singh, R.S. Yost, and G. Uehara
 

ABSTRACT
 

a spatial
Semi-variograms of exchangeable 	sodium percentage (ESP) show 


relationship between samples collected up to distances of 3.5-4.0 km apart 

on the Kenana sugar project-, Sudan. Similar structure was retained in semi

from 1007. 75%, and 56% of the samples, but this wasvariograms calculated 

lost when 47%. of the dita were used.
 

The structural information contained in the semi-variograms was used 
area. Littleto krige (estimate) ESP in a 	 grid pattern across the project 

map of ESP kriged from 56% of the samples cominformit ion was lost from the 
sample values. Est.imation variancepared to .He ESP map based on all the 

of the samples comparedof kriged values increased only slightly using 56/. 

all the samples. These results show that geostatisticsLo kriging based ol 
similar results with [teer samples, provided-an aid soil survey by obt.aining 

an appropriate sampling scheme is used. 

INTRODUCTION
 

The spatial variability of soil properties is an important factor in 

The soil sur._.y is onemanaging soils to obtain maximum crop producl ivity. 
propermethod of describing mappable variation in soil physical and chemical 

ties. The humogeneity ot soil-mapping units is determined la.gely by the 

of Ihe soil itself but is al.so intlutu d by the. intensity and designnature 

ol soil sampling and tihe scale ol tie final soil map.
 

a range ., values found within eachIn deftiringgsinol-mapping units, 
Such a measure of withinunit can be specitied [or any given soil propry. 

nit indictl ion of how !,,il Iproperties vary with distanceunit- varit ion gives 
dtgree of similarity between adjacent samples.between sample lotat i urs or tliet 

This makes it difi icult. !t ascer ain tie efficiency o the part icular sampling 

In tiher words, Could fewer sample s located further apart havescheme used. 

been just ais ,Iect w, ii describing variai.ion, or should samples have been
 

c01il (cI il Cl 'l i r i 0gi-t hlt 

Users I soti I !;rirvey- tlitt est 	i t e Si I property values at un

value lio the mapping unit bearingSalpled Iocal. io s iy app lyinri tir( teiain 

in mind itire v;lir nclle ISsi: itscted wit h t h t mtteari1. llowev r, iHe mean is calco

good estimator,
!aL:id I i'ar a d i i b.hu i on of 	 va lues arid may not bi, a 

Supported in part by Western Regional Project No. 155. 

77
 



particularly if variance
the 
 is high or if the data 
 are not normally

distributed.
 

One approach that can be used in conjunction with soilprove sampling efficiency and estimation at unsampled 
surveys to im

locations 
is that of
geostatistics (Burgess 
and Webster, 1980). The 
purpose of this paper is
to illustrate how geostatistics could have 
been used to improve sampling
efficiency of 'a soil survey of the Kenana sugar project (S.E. Extension),
White Nile province, Sudan.
 

KENANA SUGAR PROJECT
 

The S.E. Extension of the Kenana 
sugar project is located between 
latitudes 12'26'N and 
1310'N and longitudes 33 0
0'E and 33015'E covering 81,710
fedans (84,815 acres or 34,318 hectares). The weresoils mappedof 1:50,000 on a scaleby the Soil Survey Administration of the Sudan and are describedas a large, homogeneous body of very fine, montmorillonitic, isohyperthermic,Typic Chromusterts (Adam, 1976). Although three soil-mapping unitsDinder series are delineated, one mapping unit covers 
of the 

98% of the projectarea. Soil parent material is Blue Nile alluvium, derived from weatheringproducts of basic igneous and metamorphic rocks of the Abyssinian Plateau 
(Adam, 1976).
 

During the normal soil survey, auger samples were collected from depthsof 0-25 and 75-100 cm at 254 sites located on a one-kilometer by one-kilometergrid (Fig. 1). Electrical conductivity, soluble sodium concentrationthe saturation extract, of
pit, CEC, and exchangeable sodium and potassium weremeasured on all samples. The exchangeable sodium percentage (ESP) was also
calculated. 
 At 18 of the 254 sampling locations, a pit was excavated adjacent
to the auger hole and sampled for full analysis of soil physical 
 and chemicalproperties in toorder classify the soils. 

Exchangeable sodium percentage was found to be t-he soil prolert y most afIecting sugarcane yield and was used to assess the suitabi lity of soils forirrigated sugarcane production (Adam, 1976). ESPWhen values for augersamples were compared to fromthose adjacent pits (Table 1), notable differences occurred in a number of sites, especially for subsoil samples. Asnoted in the soil survey report (Adam, 1976), such differences indicate thatsodicity va ris over short distances on a scale that cannol be shown byconventional soil maps. Similar short-range variation was observed forelectrical conductivity. The kmI squire sampling grid used at Kenana suggests that interpolat ion based on the mean anId variance of I hose samplesis a of afunction larger scale variition. Such interpolfation
quately dtes not adedescribe the short range or microvariaL ion indicated in Table 1because few samples were colle'ed at short intervals. 
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Figure 1. Location of soil sampling sites, Kenana Sugar Project.
 



Table I. Comparison of exchangeable 
sodium percentage (0-25 
cm soil depth)
from adjacent pit and auger 
samples with kriged 
values for the
same sites. Pit and 
auger values derived 
from Table 8, Adam, 1.976.
 

Sample site Estimat ion
Pit 
 Auger Kriged 
 Variance
 

KSPA 01 
 19.4 
 13 
 11.0 
 1.4
 
02 
 14 
 11 
 10.7 
 16.6
 
03 
 14.8 
 8 
 8.8 
 12.3
 
04 
 9 
 12 
 6.9 
 12.1
 
05 
 12 
 6 
 11.1 
 13.2
 
06 
 7.2 
 7 
 10.4 
 11.9
 
07 
 6.2 
 7 
 6.1 
 11.8
 
08 
 11.2 
 8 
 9.7 
 11.4
 
09 
 1 
 24 
 13.5 
 13.8
 
10 
 2 
 4 
 4.3 
 12.3
 
11 
 6.4 
 6 
 8.1 
 11.4
 
12 
 14.8 
 8 
 8.6 
 12.4
 
13 
 11.6 11 J).9 
 12.3
 
14 
 12.8 
 13 
 10.7 
 11.4
 
15 
 9.6 
 10 
 10.5 
 11.4
 
16 
 10.4 
 9 
 10.6 
 11.5 
17 
 13 
 11 
 10.2 
 13.0
 
18 
 10 
 10 
 13.6 
 12.5
 

GEOSTATISTICS
 

Geostat ist ics 
 are used to augment clasi cal , stat ist icalanalyzing methods inspatiil or temporal, random varilles. Geost.l istics are basedon the concept thliJ a sample va lt is expectpd to he a ffected by its posit ionaad its rel ationships wit.h its neighbors. This means that samples collectedclote together should hiinh nmere al ik h samples col lected tur ther apart(David. 1977; Journel and 
In. bregt , 1978; Clajrk, 197q).
 

In inalyzing ;pat ial variabilit,, ,o.;tti is 
 ice cn be used for optimalinterpolation of vahties ait any Unnpl I(vd loca tion. Thi- is lone by usingthe spatial dep~ndencv or clrgi in va riat ion of a measured property withdistance betw een known samp le s ites. 
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THE SEMI-VARIOGRAM 

In geostatistics, the semi-variance quantifies the spatial dependence 
of the variable. The semi-variance, y(h), is obtained by squaring the indivi
dual differences in sample values (z) between oll pairs of locations (x) 
a given distance (h) apart and dividing this value by twice the number (N) 

of paired observations: 

i.e. (h) = I 

N(h) 

(z(x) - z(x + h))
2 

Y 2N(h) 

i=l 

The same computation can be repeated for all pairs of points any given dis
tance apart.
 

A plot of semi-variance versus distance between sample pairs is called 
a "semi-variogram." The semi-variogram for 254 values of ESP for the Kenana 
sugar project is shown in Fig. 2. As distance between pairs increases, 
y(h) incre:ses initialiy and then levels off towaid an upper limit known 
as t:he "si!l." The sill value is usually equivaient to the sample variance 
of classical statistics. Beyond the distance where y(h) approximates the 
sill value, the spatial dependence of sample values is essentially nil. 
This distance corresponds to the maximum range over which ESP values are 
spatially related. In Fig. 2, this distance is about 3.5 km. 

A problem encountered in fitting a curve to the semi-variogram in 
Fig. 2 was that there were no samples collected at: sites closer than 1 km. 
For Fig. 2 the zero intercept of the semi-variogram was est imated using data 
from Table I. The ad'ger and pit samples of Table I were collected adjacent 
to each other and c .rn be considered to sample the same location in view of 
the larger I km spacing between all other samples. This means that for all 
pract.ical purpos es , the semi-variance computed from pairs in Table 1 may 
be treaLed as the zero intercepl of the semi-variogram. Ideally, the semi
variance at locations zero distance apart should be zero. In Fig. 2, the 
semi-variance (6.15) at zero distance is 28% of the sample variance (sill) 
(21.6) and is caused by measurement errors or random occurrence of small 
pockets of high ESP.
 

A seni-variogram was then computed from 75% (192) of the sample values 
(Fig. 3). viris number of valuets was obtained by deleting every third row 
of data pnoirlS in the grid except those on the boundary (Fig. 4). The sill 
or sample variance of the semi-variogram was increased to 22.1 by withdrawing 
25% of the sample vaIlIes. 

The s'auTlple size wa.I; furt-her reducd t-o 56% (143) of the original by 

deleting every tihird row aod columr from [.he data base with the exception 
of border point. (Fig. 5). The resulting pat.tern preserves the minimum dis-
Lance between sample; for a sufficient- number of sample pairs to generate 
a useful emi-variogram. This paltern also allows the testing of anisotropy 
of the soil propert ies. The semi-variogram based on 56% of the measured 
ESP values was less clearly defined (Fig. 6) than those for 100% and 75% 
of the data. The sill value or sample variance increased to 24.0. 
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Figure 4., 
Location of sampling sites for calculations based on 75% of
 
data col lected.
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A fourth semi-variogram based on 47% (119) of the sample values was
 
poorly defined, thus preventing accurate curvefitting. Each semi-variance
 

was calculated from at least 46 sample pairs suggesting that a shortage of
 

sample pairs was not the cause of poor definition of the scmi-variogram.
 
A more likely cause is the inherent variation of ESP. This result suggests
 
that the optimal number of points for geostatistical analysis of this data
 
set was between 47% and 56% of the samples actually collected.
 

INTERPOLATION BY KRIGING 

Kriging is an exact interpolatico method of estimating values at un

sampled locations by using the relationsiiip of semi-va7iance with distance. 
By using the spatial relationship among samples described by the semi
variogram e 4 uaniun, kriging offers a more precise estimate of the vari:ijle 
at an unsampled location than means of sample values or regression estimates
 

based on them.
 

Kriging is possible if the difference in ESP values between two locations 
within the survey area depends only on the distance between them and their 

orientation. If the difference does not depend on orientation, the data 

set is said to be isotropic. A sample calculation for kriging was given 
(Vander Zaag et al., 1981) in a paper presented at the 4th International 
Soil Classification Workshop in Rwanda.
 

Using the 254 sample values of ESP collected at Kenana (Fig. 1), 266 
values were kriged on a I km square grid system based on the centroids of 
the original sampling grid. Comparison of iso-property maps of ESP for 
sampled values (F'ig. 7) and kriged values (Fig. 8) shows little difference 
in spatial variation of ESP between maps. The pattern of variation appears 
smoother on the kriged map because kriged values are weighted averages of 
neighboring points. The accuracy of the kriged values are assessed in the 
form of an estimation variance computed for each kriged point. A map of 
estimation variance for kriged values is shown in Fig. 9. 

Accuracy of the kriging procedure was checked by kriging values for 
sample sites where ESP had been measured. Comparisons of measured an:, kriged 
ESP values for selected locations are shown in Table I. In Table 1, accuracy 
of kriging may be judged against. two measured values froin sites located a 
few meers apart. It must be remembered, however, that the kriged values 
in Table I were computed from neighboring sample value!. located one kilometer 
or more away. The est imation variance associated with each kriged value 
is also provided in 'able 1. These results suggest that kriging is a reliable 

, , estimator of the measured valu 

Based on 75L/. f the !;aiinll;e va lues, ESP was kriged for the same 266 loca
tions originally kriged from all the measured data. In addition, values 
were kriged for the 12 local ions where sample values had been witlhdrawn from 

the data set (Fig. 1O). Comparison with the raw data plot (Fig. 7) shows 
that much of the deleted inlormnatiin car, be recovered by kriging. At Ioca
t ionns where va Iiues had been wi l:hdrawn, es.L iimat ion var iance i nc reased sI ight I y 
(Fig. I), I ndicat ing a dec rease in the accuracy of the inte:'pol at ion. TI s 
is to be expecoed as the interpolation is Uised on fewer neighboring data 

points. 
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Figure 7. Map of ESP determinea from 254 sampled values, Kenana Sugar Project. 
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Figure 8. Map of kriged ESP values determined from 100% (254) of samples. 



Figure 9. Plot of estimation variance for kriged ESP values determined
 

from 100% (254) of samples.
 



'4C 

Figure 10. Map of kriged ESP values determined from 75% (192) of sampls 
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Figure 11. Plot of estimation variance for kriged ESP values determined
 
from 75% of samples
 



Based on 56% of the sample values, ESP w..s again kriged for the saint 

266 locations as above, plus the 11 Jeleted sample locarions (Fig. 12). 

kriged map, based on 56% of the originalAlthough some detail is lost, the 
the rain trends of ESP in the Kenana sugar projecidata, sti)l clearly shows 

site. A decrease in accuracy of the inte-rpolation based on 56% of the points 

is shown by a slight increase in the mean estimation variance (Table 2) and 
13).
in complexity of the estimation variance map (Fig. 


had been 	 availabl c to the researcher.; of the KenanaIf geostat tstics 
sugar project, sampling for ESP could have been reduced to about 56% of the 

data actually collected witi only slight loss in estimation precision (Table 

2). Any additionaI samples could have been collected more prof itably at 

1 km apart. This would have improved the curvetit.t ingdistances less than 
of the semi-variogrmnS and given a more accurate description of short range 

estimat ion of the zero interceptvariabil ity. It wol1d aliso have enabled 
need for double sampling as in Table 1.of the semi-varki ,?rrm without the 

These result.s clearly show tihe useful ness of geostatiStics as an aid 

to convent ional soil survey. By producing similar resultzs from a reduced 

number ol samples, geostatistics can be used to increa e the efficiency of 

time and effort expended in sot I survey. The agcouracy and precision of inter

polating values at- unsampled locat ions car, also be increased by using 

eO t,at.iSt ics. 

Table 2. 	 Effect e ,reducing samp Ie size on the semi-variogram and mean 

est imat ion variance of kriged values. 

Percent of 
sampl Ies used Seni -vat iogram 

Si I 
Moan estirat ion

variance
Interceptin analysis

(n -- 254) 

10.5
1oo 6.15 	 21.6 

75 6.15 22.1 	 12.2
 

13.1
56 	 6.15 24.0 


47
 

CONCLUSIONS
 

samples of exchangeablc sodiumIsotropic semi-variograms indicate t:hat 

(ESP) in the 0-25 cm soil dept.h are spatially related over dispercentage 
sugar project , Sudtn. Semi-variogramstances of 3.5 - .O km in the Keiana 

(192) and 56% (43) of the is,asured samplescalculated from 100% (254), 75% 
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Figure 12. Map of kriged ESP values detemined from 56% (143) of samples.
 



Figure 13. 
 Plot of estimation variance fro kriged ESP values deterimined
 

from 56% of samples.
 



showed 
 similar 
 structure 
 in the relationship 
between
distance. This structure was lost when semi-variance and47% (119) of -ie sample values were 
used. 

Kriged maps of ESP calculated from 100%,showed 75% and 56% ofsimilar patterns of variation the total samplesin ESP to mapsample values. This suggests 
the based on the originalthat if geostatistics had beenthe soil survey, sampling for 

available duringESP could have been reduced to about 56%the ofdata actually collected.
 

Geostatistics can aid soil survey andstructure land evaluation byin the variance exploitingof spatially relatedtion can soil properties.be used to This iniormaestimate 
number values at unsampled locations fromof sample points, thus the 

a minimumincreasing efficiency of data collection,analysis, and interpretation. 
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two soil clods having large differences in COLE
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Figure 3. Drawing of cross section of a Vertisol showing two kinds
 
of cracks that develop upon drying.
 



randomly oriented narrow cracks, a mm or less in width of the second group,
 
tend to be closer together, and do not develop until water contents are
 
around 1500 kPa retention. These outline the angular blocks. These latter
 
cracks have less importance as regards root ramification because at the
 
water content where they form, the soil fabric'has reached a strength where
 
root entry is limited. Furthermore, suction is so high the available water
 
content is small. A third group of cracks occur at about a half meter
 
depth, are formed by soil movement, and are made up of intersecting slicken
sides. The low angles at which these intersect give this zone a platy
 
appearance.
 

The wider cracks that are initiated upon drying from field capacity
 
tend to be separated by appreciable distances. These distances are suffi
cient to suggest that roots constrained within the cracks cannot exploit
 
the water farthest from the cracks. The definition of Vertisols in fact
 

requires that the repeat distance be considerable in order to have I cm
 
wide cracks.
 

Crack repeat distance may be calculated based on the COLE for inter
mediate water content reduction (COLEi). The calculating relationship
 
assuming no rock fragments is as follown:
 

Dbi 1/3 -l
 

Where Db is the bulk density at 33 kPa water retention and Dbi is
 
the calculated bulk density for the intermediate water content previously
 
discussed.
 

Table 1. Calculated bulk density and COLE at 1500 kPa retention for three 
horizons of Sudanese pedons. 

Sample Bulk DensitLy (4AI) a Water Retention (4Bs) 

No. 33 kPa 1500 kPa Oven-dry 
------- Mg/m 3- - - - - -  -  - -  -

3? 
- -

--

kPa 1500 kPa 
Volume % ---

COLE (401) COLEI 

1318 1.05 1.46 1.99 49.2 32.2 .238 .110
 

1339 1.20 1.55 2.06 41.7 28.3 .197 .089
 

1362 1.12 1.31 1.56 36.5 24.9 .117 .054
 

acodes refer to methods in Soil Conservation Service (1972).
 

Table I gives CO.Ei at 150( kPa retent ion [or three samples that cover 
much of the range in COLE to be expected fo" yert isols. Values of COLEi 
at 1500 kPa reten.ion range [rom roughly .050 to 0.1I. In order to have 
a crack I cin wide at- a water content corresponding to the 1500 kPa retention, 
the 1st imraLed repeat disL.nce be'tweent the cracks would range trom 10 to 
20 cm (Table 2). Even i l1.- xtensibility t oven-dryness were t ilized 
(regular COLE), tIh re[)eatL distance for I cm wide cracks would only drop 
to between 5 and 10 cm. Even this repeatL dist ance is sufficient to raise 
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the question of 
incomplete water withdrawal 
by roots if restricted 
to cracks.
In short, the definitlon of 
 Vertisols requires propagation of shrinkage
over distances 
 of several centimeters raising the 
 distinct possibility
of incomplete water utilization 
if roots are strongly restricted to cracks.
 

Table 2. Distance between 
cracks of various widths 
for two values of COLEi
 
at 1500 kPa retention.
 

Crack 
 Distance between cracks
 
width 
 COLEi = 0.05 
 COLEi = 0.10
 

am 
 cm 
 cm
 

1 
 2 
 1
 

2 
 4 
 2
 

5 
 10 
 5
 

10 
 20 
 10
 

50 
 100 
 50
 

100 
 200 
 100
 

Root-limiting bulk density
 

Table 3 summarizes several studies 
on bulk density and root restriction
which are applicable to fine-textured 
soil materials. The range of 1.40
to 1.50 Mg/m' would seem to 
be where mechanical restriction becomes strong.
The studies were 
made on Oisaggregated 
soil material that presumably was
homogeneous and did not contain planes of weakness into which the rootscould enter. The studies are relevant to the bulk density exclusive ofdesiccation crack space, Dbi, the computation of which has been discussed. 

The study by Greacen eL al. (1968, Fig. 5), is of particular interest.They report that as the angle of contact between root and soil departsfrom 900 , the bulk density at which root entry 
is limiting decreases.
The study suggests that 
 roots in vertical 
 cracks may be restricted from
entry into 
the soil fabric by lower bulk densities than 
would be predicted
by measurements involving 
vertical root growth. In view of the 
study by
Greacen et al. (1968), 
 and the likelihood that entry 
of roots from vertical
cracks into adjacent fabric 
is the principle question, we assume 
that the
low end of the range of 1.40 to 1.50 
Mg/m' would 
apply to Vertisols. A
root-limiting bulk density of 
1.40 Mg/m' is therefore assumed.
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Table 3. Literature on root 


Reference 


Champion & Barley (1969) 


Gerard et al. (1972) 


Cockcroft et al. (1969) 


Greacen et al. (1968) 


-


Hemsath & Mazurak (1974) 


Meredith & Patrick (1961) 


Trouse (1977) 


Voorhees et al. (1975) 


restriction due to bulk density of fabrics made from disaggregated soil.
 
Db
 

Crop Criterion Mg/m Notes
 

Peas Zero penetration of radicle 1.26 	 65% clay; kaolinite and illite;
 
remolded; root hairs; saturated at
 

all bulk densities; oxygen defusion
 

Cotton 	 40-50% reduction in root 1.50 Clayey texture, percentage not
 

elongation from a bulk density given; reduction pertains to per

of 1.40 Mg/m pendicular radicle elongation.
 

Peas Zero penetration of radicle 1.46 	 65% clay; not remolded; 5 kPa water
 
state.
 

Peas See notes 	 Loam texture. Radicle entry into
 
soil slabs as a function of depar

ture from 90°. Bulk density at
 
which radicle entry is markedly
 
reduced, decreases as the angle of
 

slab to the horizontal increases.
 

Sorghum About 60% reduction in root 1.50 	 30% kaolinitc clay; remainder fine
 
sand; 3-day root pen2tration of
 

planted seedlings.
 

Sudangrass 25% reduction root penetra- 1.50 35% clay; sieved through 5 mm sieve;
 

tion from a bulk density maintained at 50% available water;
 
3


of 1.20 Mg/m	 air-filled pore space above 10%.
 

Wheat 	 About 80% reduction in elon- 1.44 Controlled environment simulates
 

gation rate from a bulk range of growing season
 

density of 1.10 Mg/m' conditions.
 

About 50% reduction root 1.37 55% clay; germinating peas grown
 

penetration from a bulk into cores formed of soil passing
 

density of 0.99 Mg/m' 2 mm sieve; held at 33 kPa water
 
state.
 

Peas 




------------------------

Table . Means of clay, water retention, linear extensibility (L.E.), exchangeable
bulk density (0 b3 3 sodium percentage (ESP),
, Dbd) and water retenItion difference 
(WRD) for A and Bw horizons of Vertisols.
 

Water Retention @

Horizon Clay 33 kPa Db33 Dbd WRD
1500 kPa 
 L.E. ESP (Mg/m) (Mg/m') (cm/cm)
 

(M)- -------------------------

Torrerts from New Mexico (3) and Sudan 
(1):

A 51 ± 11 29 ± 
 7 18 t 3 7.5 ± 4 
 7 ± 14 1.32 ± .07
Bw 1.63 ± .1053 + 11 .15 ± 0631 ± 5 20 ± 4 
 8.4 ± 2 
 10 ± 16 1.29 ± .13 1.63 ± .10 
 .14 ± .02
 

Usterts from Texas (3) and Arizona (1):
 
A 48 ± 3 29 ± 4 
 18 ± 1 10.4 ± I I ± 1 1.37 ± .07 1.84 ± .09
Bw 49 ± .14 ± .033 31 ± 3 20 ± 1 
 10.8 ± 1 
 3 ± 5 1.34 ± .08 1.82 ± .13 
 .14 ± .03
 

Usterts from Sudan 
(4):
 
A 64 ± 9 38 ± 6 
 25 ± 4 15.2 ± 5 
 6 ± 6 1.18 ± .08
Bw 65 ± 9 1.81 ± .16 .15 ± .02
40 ± 6 25 ± 4 
 16.8 ± 4 
 13 ± 8 1.18 ± .08 1.88 ± .13 
 .17 ± .02
 

Chromusterts from Hawaii 4
 
L ):
 

A -- 31 ± 3 25 ± 4 7.8 ± 4 6 ± 6 1.33 ±Bw -- 34 ± 4 27 ± 5 
.08 167 ± .22 .09 ± .017.1 ± 4 
 11 ± 12 1.29 ± .11 1.57 ± .25 
 .09 ± .03
 

Xererts from California 
(3) and Idaho (1):
 
A 55 ± 7 38 ± 7 25 ± 5 
 11.5 ± 2 
 1 ± 1 1.22 ± .15
Bw 55 ± 6 37 ± 7 1.68 ± .15 .14 ± .0626 ± 5 11.0 ± 1 
 6 ± 9 1.26 ± .15 
 1.73 ± .17 
 .14 ± .08
 

Uderts from Texas (4):
 
A 56 ± 6 35 ± 6 
 24 ± 4 13.2 ± 4
Bw 59 ± 4 35 ± 5 

3 ± 3 1.27 ± .10 1.86 ± .05 .15 ± .02
24 ± 3 14.1 ± 3 
 4 ± 3 1.31 ± .09 1.95 ± .02 
 .14 ± .03
 



Laboratory water retention difference
 

The standard laboratory water retention difference is the difference
 

that held at 33 kPa and that held at 1500 kPa. 

It is an estimate of the available water at field capacity. 
in water 	 content between 

by threefold in laboratory
 

water retertion difference. When summarized by horizons for taxa from
 
Comparable horizons of Vertisols differ 


different 	 areas, means of water retention difference differ by about twofold 

(Table 4). Usterts from Sudan appear high, Usterts from Hawaii low and
 

Torrerts 	 from New Mexico and Sudan have intermediate water retention dif

ferences. Clay percentage, water retention at 1500 kPa and extractable
 

cations do not seem responsible. There is a tendency for water retention
 

differencc to be lower as the moist bulk density increases. For example
 

for the individual horizons on which the summaries of Table 4 are based,
 

there are no water retention difference values of .20 or more above a moist
 

bulk density of 1.24 Mg/mI and none with .15 or more above 1.37 Mg/m '. 

Table 5 may be helpful in understanding the relationship between water 

retention difference and bulk density. The bulk densities were computed
 
equal
by back calculation from the total porosity which i-n turn was set 

to the sum of the volumetric water retention at 1500 kPa, the laboratory 

water retention and an assumed air-filled porosity at 33 kPa retention 

of 87. The air-filled porosity selected is very c'ose to the median of 

9% for 16 subsoil horizons of Sudanese Vertisols. As an examp.le, the table 

shows Lhat for the air-filled porosity assumed, horizons with water retention 

more and over 50% clay must have bulk densitiesdifferences of 0.20 or 
3


below 1.25 Mg/m ,which is in agreement with the data examined.
 

retention 	 differences andTable 5. 	Computed bulk density for three water 


several clay percentages.
 

Bulk density for
 

three water retention differencesa
Clay 

0.10% 0.15% 0.20%
 

(M) 	 Mg/m 3
 

1.53 1.43 1.34
40 


1.42 1.34 1.25
50 


1.17
1.33 1.25
60 


1.10
1.25 1.17
70 


1.18 1.11 1.03
80 


aAssumes 	 8% air-filled porosity at 33 kPa water retention and a ratio of 

1500 kPa retention to clay of 0.4.
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Adjustment of 
laboratory water retention difference for root restriction
 

In previous 
 sections we discussed calculation 
of the bulk density
exclusive 
of desiccation 
crack space, 
Dbi, and the value 
of Dbi that might
place strong mechanical 
restriction 
on the horizontal entry of
vertical cracks into roots from
the bounding soil fabric. In 
this 
section we consider
the calculation 
of the water content at 
which mechanical 
root restriction
may be expected. The 
calculating relationship 
[or the water content, Wi,
at a bulk density of 1.40 Mg/m 
is as follows:
 

Wi = W33 - (1.40 - Db) x (W33 - F x W1500) 
Dbd - Db 

Where the quantities 
are the same 
as in previous equations and 1.40

has been substituted for Dbi.
 

An immediate question raised by the previous section is whetherwater content thefor a calculated bulk density of 1.40 Mg/m exceeds the 1500kP3 retention. 
 In other words, may mechanical 
restraint 
of roots in cracks
occur 
at higher water content than the 
generally accepted 
lower limit 
of
 
water availability.
 

The answer depends on characteristics 
of the soil material and cannot
be generalized simply. Fig. 
 4 shows the calculated water content, Dbi,
and the bulk density of 1.40 Mg/m 3 for three samples with different properties. The data foi 
 these samples are 
 in Table 1. For sample 1339, Wi
at a bulk density of 1.40 Mg/m 3 is approximately halfway between the retentionof 33 and 1500 kPa. This suggests that an appreciable part of the standardwater retention difference is present when the horizon reaches a bulk densitythat restricts horizontal root entry from the desiccation cracks into adjacentfabric. The effective water retention difference would, therefore, bereduced from 
that calculated from standard laboratory data. In contrastfor samples 1318 and 1362, Wi at a bulk density of 1.40 Mg/m 3 
is at or
below the 1500 kPa 
 retention; therefore, 
 for these 
 samples, mechanical
root restriction would appear not reduceto the amount of available waterfrom that measured in the laboratory. Sample 1339 in Fig. 4 requires arelatively small increase in bulk density upon drying to3 reach a bulk densityof 1.40 Mg/m . Compared to sample 1362, the curve has a high slope angleas a consequence of naving 
 high COLE and the intercept along the horizontal
line depicting a bulk density of 1.40 Mg/m is relatively far to the right

aod above the 150) kPa retention.
 

Examinat ion 
of standard characterization data supports the analysisshown in Fig. 4. Fig. 5 relates to the proportion of the laboratory waterretention difference that is exhausted 
to 

at a bulk density of 1.40 Mg/m 3 
the respective moist and dry bulk densities. The proportion oflaboratory water theret ention difference exhausted at a bulk density of 1.40tends to be smal lor as tire mist bulk density rises and also as the linear 

extensibility ri ses.
 

Finally, laboratory water 
 retention difference tends to decreaseincreasing moist bulk with
density. Therefore, as moist bulk density rises,we possibly have two additive effects: the greater likelihood of mechanical 
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Figure 4. Generalized drying curves for three horizons of
 
Vertisols with the 33 to 1500 kPa water retention
 
points (A-A', B-B', C-C') at a Db of 1.3 Mg/m.
 
Sample no. 1339 is the Bw2 horizon of Roseires
 
(835-11), no. 1318 is the Bw2 horizon of Dinder
 
(835-10), and no. 1362 is the Bwk2 horizon of
 
Eilafun (835-17).
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Figure 5. The percent of the laboratory available
 water capacity (WRD) removed when t 
e soil
reaches a bulk density cf 1.40 Mg/m
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root restriction with resultant incomplete exploitation of the standard
 
water retention difference and a tendency for the standard water retention 
difference to be smaller.
 

The argument can be made for more attention to moist bulk density
 
as a criterion for soil separation within Vertisols, particularly if combined
 
with linear extensibility. Some possible generalizations for the estimated
 
reduction in the effective water retention difference are given in Table
 
6. 

Table 6. 	Estimated reduction in measured water retention difference for
 
different combinations of moist bulk density (Db) and COLE.
 

Moist bulk density Roauction in effective WRD
 
at 33 kPa COLE <.15 COLE >.15
 

(Mg/m 3 ) 	 (%)....... . ..
 

< 1.25 	 < 25 25-50
 

> 1.25 	 25-50 > 50 

TILTH OF VERTISOLS
 

The other agronomic problem posed by Vertisols is unfavorable tilth. 
Cultivation of Vrtisois Py primitive agricultural methods was difficult 
enough that it was considered as an explanation for the general absence 
of prehistoric villages in the so-called "cultural sink" which occurs in 
the Vertisol area of East Texas (Duffield, 1970).
 

The Grumaquerti-Mazaquert. separation of the 7th Approximation (Soil 
Survey Staff, 1960) uped the tilth of Vertisols as a criterion, but the 
approach was abandoned when it was learned that use and management could 
greatly alter the structure of these soils from ,-hat found in uncultivated 
areas.
 

Of the taxa we examined, the Xererts and Uderts tend to have the thinnest 
granular surface mulches and some of these soils lose the mulch entirely 
on cultivation. The Usterts tend to have the thickest mulches and the 
Chromusterts thicker ones than the Pellustert3. 

We studied dithionite-cit rate extract:able Fe content and the Middleton 
(1930) dispersion ratios for the Vertisols of Sudan (Table 7). The Typic 
and Entic Chromusterts have a thicker surface mulch, a higher extractable 
Fe content, a lower dispersion ratio, and disperse at a lower Na concentra
tion than the Pellusterts indicating that. Chromustert:s have a higher aggre
gate stability than do Pellusterts. The differences are small, however, 
and there is some overlap. The ease of breakdown of 2 to I mm aggregates 
was also compared for the second horizon of pedons of Pellusterts and 
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Chromusterts. Disaggregation was measured by the percent retained on a 0.5 mm screen after wet-sieving. The Chromustert safliplos were more resis
tant to breakdown on application of a variation of the sodium-saturation 
test of Emerson. 
 In this test, samples premoistened against 5 kPa suction
 were .quilibrated against I.OON NaCi to sodium saturation and then equili
brated at 
 progressively lower concentrations 
of NaCi until retention onthe sieve dropped below 50%. Retention dropped below 50% at a concentration 
of 0.15N NaCI for the Pellustert samples and of 0.10 to O.15N for the 
Chromustert samples.
 

Table 7. Clay, Middleton dispersion ratio, 
mulch thickness and extractable
 
"e contents of A horizons of three Chromusterts and three Pellus
terts from Sudan. 

Clay i u Dithionite-citrate
 
b
< 2pm Dispersiona 

Mulch
 ext. Fe (6C2B)
Horizon Depth (3AI) 
 Ratio thickness < 2 mm Clay
 
soil < 2 pm


(cm) (%) (cm) (M) (M) 

Typic and Entic Chromusterts (NSSL Nos. 1334, 1276, and 1408) 
A2 12-30 50.0 0.11 N.A. 2.8 N.A. 
Ap2 10-25 58.6 0.16 10 2.2 2.5 
A2 2-12 66.1 0.19 4 4.93.8 


Typic and Entic Pellusterts (NSSL Nos. 1310, 1401, and 1395) 
A2 5-25 57.6 0.18 0 1.5 N.A. 

A2 3-10 71.4 0.28 3 1.6 1.9 
A2 2- 8 42.6 0.25 
 2 0.7 1.2
 

aRatio of clay plus fine silt. (< 20 pm) dispersed by brief agitation inwater alone to that dispersed by standard dispersion (Mi dd I e ton, 1930).

bSurface mulch 
 = fine granular or subangular blocky material. 

Codes refer to methods in Soil Conservation Service (1972). 

The differences in thickness of surface mulch between thc Chromusterts
and PeI lusterts then are possibly a result oIf form'Ation envi ronment. The
Pellusterts usually occur in former river channels and become saturated 

even ponded for short, periods during the monsoon season. or 
During the monsoon season, Fe is reduced and gradually remcved from the profiles.

Removal of the Fe makes the clays more suscept, ible to dispersidn (Ilallsworth,
1963). Upon drying, these clay; tend to aggregate into larger units producing 
a less favorable tilt h. 

Chromuserts in contrast do not become as wet as the PellusterLs.
Evidence for this is their higher chroma. Further, they may Wet at a higher 
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tension and in addition wet and dry more frequently than do the associated
 

Pellusterts. Such wetting and drying where zero suction is not reached
 

reduce aggregate size and produce a surface mulch.
 

The granular surface mulch of Vertisols, though not considered suitable
 

for their classification, does have value for assessing their potential 

for dryland (Table 8). The surface horizon mulches of Vertisols have lower 

dry bulk densities than the blocky and prismatic horizons below. This 

may be partly a result of the somewhat higher organic car.bon content of 

the granular A horizons, but is mostly a result of the void space between 

the granules. Vertisols with these loose granular surface horizons require 

less energy to till and their bulk densities at 1500 kPa remain low enough 

so that plants can remove most of the water down to this tension.
 

Table 8. 	Some properties of granular, blocky and prismatic horizons of
 

some Vertisols.a
 

Angular
 

Granular and fine medium and coarse
 

Property subangular blocky subangular blocky Prismatic
 

15 14
 

depth (6Ala) cm 14 (±1)c 31 (±16) 36 (±16)
 
horizons studied 10 


O.C. (3A) "1 1.4 (±0.46) 0.84 (±0.45) 0.77 (±0.34) 

< 2 in clay (4Alh) % 58 (±17) 51 (.t9.4) 54 (±ll' 

bulk density dry, 1.5 (0.12) 1.7 (±0.09) 1.8 (0.12)
 

Mg/m 3 dry
 

linear extensi- 7.8 (±3.0) 11 (±3.5) II (±2.8) 

bility (401) % 

linear extensi- 0.14 (±0.051 0.20 (±0.04) 0.21 (±0.03) 

bility/clay
 

ale samples come irum Arizona (2 pedons, 5 samples), California (7 pedous, 

It, samples), Nevada (0 pedon, 4 samples), lawaii (3 pedons, 5 samples), 

Puerto Rico (3 pedons, 7 samples), and the Virgin Islands (1 pedon, 2 

samp I e s ). 

bCodes listed below rleer ro methods in Soil Conservation Service (1972). 

cThe numhers are means and standard deviat ions of the properties. 

Vertisols with these granular surface horizons should also be rated 

above other Vertisols without them because roots encounter less resistance 

to deep penetration, This results from the deep filling of cracks with 

surface horizon mulch during the dry season. 	 Upon again becoming wet, 
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the mulch in the cracks keeps the bulk density of this area somewhat lowerdepending 
upon the strength of the granules. These cracks then 
become
 more ideal sites for root growth. As a result, these areas are the sitesin which roots are most likely to locate during the next growing season.The soil again cracks behind the root as water is withdrawn. More surface
mulch falls into the cracks during the next dry season and the cycle isrepeated. Upon becoming wet, the previous year's mulch thein crack iscompressed. After a few cycles, the density of this compressed mulch inthe former crack matches that of the matrix of the prisms or blocks, butby this time the crack has become sufficiently wide to receive a freshsupply of surface mulch, thus repeating the cycle. 

Agronomic practices that maintain or increase the thickness of thesurface mulch should be encouraged. Peterson, in working with a Polloxerertfrom California (see Net;t let on e! al., 1983) found that he could changethe structure of the surface soil lrom massive to granular and then backto massive by art ificiallv weting it. Iligh tension wetting-drying cyclesresulted in a granular trucLurv . Wetli g samples to near saturation orpuddling followed by drying, produced a massive or crusty structure. 

By sprinkling, it is possible to i rrigale to I{'igher soil moisturetensions than by furrow irrigation. If higher tension can be maintained or at least foIl owed the I00.t c'cle before cult ivat ig , a more favorabletilth may be produced and cultivation will require less energy. 

SUMMARY AND CONCLUSIONS
 

In this paper, we have examined moisture characterist ics and tilthof Verrisols and suggested ways that the taxa may be grouped relative totheir potential for cultivated crops. Regional differences occur amongVertisols in respecr to the moist and the dry bulk densities and the laboratory water retent ion di ie rv '(.. The stilandard 33 to 1500 kPa water reltentiondIiference may not bl, ipplicabl e i f so il roots are strongly restrictedto cracks. Cmpult trin t th thtoilk dens it y b et ,ien cracks at inte rmnediatewater coot t ,, iS fpr't',-it l. Rottts il cricks ir( issueti'd t be rt' strict edmechanic.l ly when th' hulk d'n ily excludi in, tt' c-racks r-',hes 1.40 Hg/mI . 
The water c out,-nt t t It i Il k den sit y it c')mputled and co-npa red to the150(10 kPa retenotion. The 31 1to 1 50 klta ,il ulat inn f r w.i( r- ntut iondifferent' has h t'in qu st iinn di ni to it n appl iabi lity to iniiny Vert isols.II one a(cepts t hat n"",logrtw sit Itsthan 1.4 Mg/m , thi, si indard WR t can hi- rt'thlj:e'd by 5) "or 'm)Ir' 

t h in 'est -icr id at hIllk d , gmratr 
ior Vert tsolsthat have r l'lat iv ly high moist bulk densit y arid linear 'xtensibi I ity.The method involve,,; cal ulit ihun of an- tiintermidiatt water ci'r n tcot (Wi) foira bulk tn-sitt f' thi,, !aoil ped if 1.4 Mg/it, ind i b1ulk iimiit tibI the wholesoil inclut lgin crac'lk ispait' (l)lti) sit tHi 

l 
the water - ntinhi' reported as a 

volume I rat t n. 

In agronomic ust, of Vrl isols, other things b'ing equal , trim, shouldselit t hWise f hat hlto t li . hicker surface mulch. St udy of pt'doni descrip-I ions ava i lableI to us shows t ho-We to lbe t he ChromtUst ert s. The Pel luster)sfor the 
most part have thinn r mulches or toi at all. Vertisols that: 
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either lack a surface mulch or have a thinner one will require more careful 

management and possibly higher energy inputs to cultivate. If irrigation
 

is required, sprinkle irrigation may be more satisfactory because it would
 

make wetting to a higher tension possible offering the possibility of
 

structure improvement.
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Another important area of Vertisols is the Black Belt Prairie -- an 

11,000 sq. km crescent that extends from northeastern Mississippi southeast 

across south central Alabama (Soil Survey Staff, 1981; Dixon and Nash, 1968; 

Rankin, 1974). Other significant areas of Vertisols are in California and 

Ncw Mexico. Vertisols account for 1-10%o of 14 MLRA's in Alabama, Arkansas,
 

California, Colorado, Kansas, Louisiana, Mississippi, New Mexico, Oklahoma,
 

Oregon, and Texas. They make up a small percentage of the soil in ibout 28
 

additional MLRA's in these and six other states.
 

CLIMATE
 

In the United States, Vertisols occur under a wide range of climatic
 

conditions ranging from very dry to humid and very cold to hot. Except for
 

a few areas in the northern part: of the United States, thu average an ual
 

soil temperature is above 80 C (Dudal, 1965; Soil Survey Statf, 1981). With
 

the exception of cryic, pergelic, isofrigid and isomesic soil temperature
 

regimes, each of the soil temperature regimes recognized in Soil Taxonomy
 

is associated wit-h one or more soil series that are Vertisels (Beinroth et: 

al., 1979). All of the Vertisols in the Black Belt of Alabama and Mississippi 

and a large proportion of t-hose in Texas, Arizona, and California have thermic 

temperaturcs (Western Regional Soil Survey Work Group, 1964; Dixon and Nash, 

1968; Kunze et al., 1963). Only the Vertisols in llawaii and Puerto Rico have 

i.*o soil temperatures and only scat tered areas in the western United States 

have mesic or frigid soil temperatures. Vert~isols with hyperthermic tempera

ture regimes are very extensive in Texas. 

All quait-itat ively deined soil Imoisture regimes , with the exception 

of aquic, are represented among Vert isol, in the United States. By far the 

most extensive regime is ust. h , although many ire:is in California have xeric 

regimes. The soil moiture regime is udic in the Black Belt of Alabama and 

Mississippi and in ext reme sout heastern Texas. Sml I areas in other -,ates, 

including llwii, irc also udic. Small areas with an aridic moisture regime 

are scattered thlrooghOut. tile Western Stat.es. Average annual precipitation 

for all \'ert isols of the United States ranges ftrom less than 20 cm to more 

than 150 cm. All reas, including those with udic moisture regimes, have 

a period in most years when the soils dry and crack to a depth of I m or more. 

TOPOGRAPHY
 

As in most. onther count.ries, most Vertl sols in the United States have 

low relief (Dudal, 1965). In Texas, Vert isols with low relief occupy a long 

narrow strip bordering the GulI of Mexico (Kinze e I l ., 1963). Vertisols 

on smooth erosional uplands of the 'r(,.; Blackland Prairie have moderale re

lief (Templin vt al., 1956). In Alaleiuan and Mi! siSsippi (Rankin, 1974), they 

occupy an erosional surface of *,,wrelief Ih,it i, generally lower in elevaton 

than the surrounding physiogripfhic regions. In C.1li ornia mno,z Vert.isols 

are on hills, alluvial fins, and terra es. idji enI to. the Sin Jaquin Val'ey, 

and in Arizona they are mstly on plteaus (West rn Regional Soil Survey Work 

Group, 1964). 
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Slopes of Vertisols rarely exceed 
5%, although small 
areas in the Black
lands of Texas and in California have slopes up to 
20%.
 

Most Vertisols in the United States forme' in parent materials derivedfrom alluvium, .:arl, or volcanic materials, although other kinds of parentmaterials 
are not uncommon. Most of the 
p-rent materials are fine-textured,
high in calcium, and low in permeability (Templin et 
al., 1956; Kunze et al.,
1963; Soil Survey Staff, 1975; 
Western Regional Soil Survey Work Group, 1964).
 

VEGETATION
 

The vegetation on most Vertisols at the time of European settlement ofthe United States was grass, although a few supported forests or desert shrubs(Soil Survey Staff, 
 1975; Rankin, 1974; Western Regional Soil Survey WorkGroup, 1964). Because of the savannah-like vegetation, areas of Vertisolswere the first to be brought: into cultivation. Difficulties with plant pestsand plowing resulted in some areaa; reverting to grassland -- the Black Bel,for example. After 1965, however, the Black Belt entered another cycle ofincreased cultivation (Rankin, 1974). Most Vertisols are suited to mechanized
farming and are highly productive when managed properly. 

CHIEMICAL AND PHYSICAL PROPERTIES 

High clay content and a predominance of clay minerals with high shrinkswell potential are the most striking features of Vertisols. They must have
at least 30% clay from the surface to a depth 
of 50 cm or more, in combination
with open cracks at some time in most years. 

All Verrisols are in the clayey particle size class, which for this orderincludes all soils with a weighted average clay content of 30'7 or more. Withthe exception of tW families of Vertisols in Puerto Rico that are clayeyskeletal, all particle size families are eitler fine or very-fine. Approximately two-thirds of the families in each suborder have a fine particle sizeclass, except trhaiseven of the eight families of Terrerts are fine. 

lontlmorill',ni te is the dominant clay mineral, although there are 12 mixedfamilit s and, somewhat surprisingly, two kaoliitic families in the Ustertssuborder. All the suborders, contain monmori I lonitic soils, and all but
Xererl s contain mixed familits. 

Combinat ions of fine or very-finc particle size with montmorilonitic or mixed mineralogy a re not crincent rated in any particular suhorder, and nocombination is absent from a suborder, except that there are no mixed Xererts.The largest number of families is fine monLmorillonitic, followed by veryfine montmorillonitic and fine mixed. There are three very-fine mixed fami
lies and two very-fine kaolinitic families. 
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'ome Vertisols have a large amount of exchangeable sodium and soluble
 
salts, either alone or in combination. Some soil series in Texas have ex
changeable sodium exceeding 15% and enough soluble salts to produce an electri
cal conductivity in the soil solution as high as 25 mmhos/cm.
 

Evidences of shrinking and swelling
 

As mentioned earlier, gilgai microrelief is external evidence of shrink
swell in many Vertisols. Internal evidence is the amplitude of waviness,
 
especially the thickness of dark A horizons, former cracks filled with dark 
A horizon material, slickensides that intersect, and wedge-shaped structural
 
aggregates (parallelepipeds).
 

Gilgai microrelief does not occur in all Vertisols; in some it has been 
obliterated by cultivation. There are two main kinds of gilgai in the United 
States. The dominant kind is the enclosed microbasin and microknoll t.pe.
 
There are some variations, especially in drier areas, where the knolls are 
less prominent and the microbasins are the dominant feature. In some Verti
sols, the microbasins are roughly rectangular. The other kind of gilgai is 
the ridge and swale type. A variation of this type has discontinuous ridges. 

The e levat ion di f ference in the microtopography ranges from barely percep
tible to abott 45 cm. Under the def inition of a pedon on page 3 in Soil 
Taxonomy, soils with ycl ic horizons are limited to linear intervals of 2
7 m and thP pedon is Cne-half the cycle. Many soil series list the maximum 
distance al lowile. The extreme gilgai, though, is much bigger, being as 
much as 22 to 28 meters across. Many Vertisols have pedons in the range of 
1-3.5 micross. 

The amplit ude of waviness is usual ly measured as the ihickne.ss of the 
dark A horizon. In :;Omt Von isols, especially those on f loodplains, there 
is l ilt le ampl it ode (If Waviness. Some pedons o the 1touston Black series, 
however, have an amplitude up in 165 cm, although 100 to 115 cm is more com
mon. Some series are di f f1rent iat ed by whether they have more or less than 
about 36 cm amplitude of waviness. 

Former cracks filled with dark material range from none to common, depend
ing on whether t 4 dark A horizon becomes granular enough for particles to 
fall into the cracks. 

SI ickensides t hat intersect are a property of all Vert isol.s. They range 
in length from a few t. many centimeters. Wedge-shaped structural aggregates 
occur in many Vertisols at an optimum moisture content that is somewhat dry. 
The aggregates are usually best expressed at- about- 50 to 100 cm below the 
soil surfice, although a few soil% have them an shallo w as 20 cm. 

CLASSIFICATION
 

Two kinds of properties are used to( differentiate Vertisols in the higher 
categories of Soil Taxonomy. Soil moisture diferentiaLes suborders. It 
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is expressed as the number of days each year that cracks remain open or closed
 
during most years. Color of the surface layer differentiates great groups
 
in all suborders except Torrerts, which has an aridic moisture regime and
 
no significant difference in surface color.
 

Soil moisture is an extremely limiting feature for use and management
 
of most Vertisols. Estimates of the number of days Lhat cracks remain oper
 
or closed were used to approximate moisture regimes, becouse slow permeability
 
in association with cracks results in irregular patLerns of wetting and dry
ing. As a result of this irregular pattern, moisture retention values are 
difficult to measure with confidence. As Vert-isols, by definitio.:, ha.
 
cracks that remain open for prescribed periods in most years, the leng!h o. 
these periods appeared to be a logical criterion for differentiation.
 

An equivalent of the aquic moisture regime was not. provided for because 
most Vertisols assume the fealures of aquic soils if excess moisture is avail
able during some period in mnsl years. A combination of slow hydraulic con
ductivity and i tendency for many Vert isols to col lect. surface water causes 
most Vertisols to have the low chlromi color associated with ;anaquic moisture 
regime. 

M'fany Vert.isols are sotunra ed and even f l ooded tor Ilug periods illmoi t. 
years. Others oiare st ilut', ed for oiTIy shor I periiods. Arbi I.rary p 1acle. nent
 
of I he's., s0i Is in subolrders based on li e ino ti
t iire regime ofI assoc ia ted -;iIs 
has resulted in uIIsat isfictory perlrlanc' preit ions for many soils. Addi
t. iona I s IUdy Of so i l i.soLre is needed, esp)e ci o IIy in Itropical reas where 
year-long growing seasons sggk'eSl I he need for Tvi int'li't fI the classifica-
tion SySLrli, for ,xaiT flit, by recogiiziIug airul' Vit' istols. 

DillI rence color f the L e is a useful tI dilierin T suTr cT loyer cril erion 
entiate among pedoiS , ilm STrfaie color appears t.o IT' less well-correlaLd 
with surf ace crn tiuiirit ion aiad sI thin wa i 11inally t i4pi it ori houoiiht be. 
Dark SUr'face soils WTerL t lIbou t t o be iss;oc iat ed wit II level or depressionalI 
landscapes on whicT Wit or w ut Id he ova failble t I plitsl s for Illiger periods. 
But dark surfaces also occur oln slop's oand on eveel l alndsciipes where witor 
is available only for : -hort ri ds. Conversely, miny Iiglt-colored surf ace 
soils occur in lwvl Iiofii capes where waler is aoi il i'blto planits Ior long 
periods. Sepairalions Timcdeonly oi tihT basis (TI suriace color simply do not 
provide useful groupings for predict ing performance. 

The fntvrnolional Comnmille on Virt i sols is studying altvrnit irye crit.erii 
for differentiai e at. the great group level ii St,il Taxonomy. Properties asso
ciated with reaction, CiCO3 cool eilt., sIll ini y, and surface soil I structure 
are being considered Is possible difierent iae because of their genetic impli
cations and their efe;t: oil rise and management. 
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THE VERTISOLS OF HAWAII
 

H. Ikawa
 

ABjTRACT
 

The nine soil series of Vertisols in Hawaii are classified as either
 

Torrerts, Usterts, or Uderts. They are associated with alluvial, colluvial,
 

or residual parent matciials that are derived from basic igneous rocks, pri

marily basalts of Pliocene and Pleistocene age. These Vertisols occur on
 

the coastal plains and in the valleys as well as on some of the highlands 

where leaching of bases and silica is at minimum. The environment is char

acterized by a low mean annual rainfall of 500 to 900 mm and a mean annual 
soil temperature of 230 C. Because of the low rainfall, the vegetation in
cludes the xerophytic shrubs and associated grasses. 

The dominant soils are the Typic Chromusterts, while the others are the 
Entic and Udic Chromuterts, Udortheontic Pellu;terts, Typic Pelluderts, and 
Mollic Torrerts. They belong to the very fine or fine, isohyperthermic fami
lies with the mineralogy class being either monmorillonitic, kaolinitic, 
or mixed. The kaolinitic or mixed family is generally associated with the 
Typic Chromusterts. 

This study reviews the properties of several Vertisols of Ilawaii and 
seeks the characteristics that can be used in differentiating the chrom and 
pell soil great groups of Vertisols. Chromusterts are well-drained, whereas 
the Pellustert. is moderately well-drained and the Pelludert is poorly drained. 
The Chromusterts, furthermore, are either hard ar very hard when dry and gener
ally firm when moist. The Pellustert and the Pelludert., on the other hand, 
are very hard or extremely hard when dry and very firm when moist. They are 
all very sticky and very plastic. 

Vertisols wit h a moist. chroma of 1.5 or more in some part of the matrix 

of the upper 30 cm of the soil have a lower 15-bar wat:er content than Verti
sols with a mu sl. chroma of less than 1.5. Although the dark color of 
Vert-isols appears to be related to the presence of opaque minerals such as 

magnetit e and i lmenite in the silt fraction rather than organic matter, this 

relat.ionship does not appear to be associated with the chroma. In the Verti
sols and related soils with hydromorphic properties, the kaolin minerals or 
mixed minerals Iare generally associated with the Chromusterts and the less 

hydromo phic soils. Montmorillonit.e, on the other hand, is generally the 

dominant mineral in the Pellusterts, Polluderts, and the more hydromorphic 
soils.
 

Properties such as the drainage class, dry and moist consistence, 15

bar water content, and mineralogy are, therefore, some of the differentiating 
characteristics that may be used to distitguish the Vertisols in Hawaii having. 
a moist, clhroma that are either more or less than 1.5. 
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INTRODUCTION
 

The Vertisols of Hawaii occur in 
 he coastal plains in alluvial materials
 
or in the long fans originating in the mountains and spreading over the coast
al plains. They also occur in the valleys in colluvial as well as alluvial 
materials and in the uplands in residual or colluvial materials. They are
mostly well-drained clayey soils and are generally nearly level or gently
sloping, although a few may be moderately sloping or steep. The soil order 
includes most of the Dark Magnesium Clays 
and some of the Gray Hydromorphic
Soils as classified by Cline (1955) according to the old Great Soil Group
Classification System. Presently, 
there are nine soil series representing

three suborders of Soil Taxonomy: Torrerts, Usterts, and Uderts. 
 They occupy
 
a iand area of 12,910 hectares.
 

SOIL FORMING FACTORS
 

The alluvial, colluvia!, or residual parent materials are derived from 
basic igneous rocks, mostly basalts, and the soils occur only on the older 
islands in Hawaii which range in age from two to five million years (Stearns,
1966). The common landscapes are the coastal plains and the valleys but also 
some of the highlands, generally where leaching of the bases and silica is 
not excessive. These areas have a mean annual rainfall ranging from 500 to 
900 mm, although it- can be as low as 450 and as high as 1100 or 1300 mm. 
Mean annual temperature is 230 C with a low of 20' and a high of 240 C. Vege
t:ation is of the low rainfall area.s and includes xerophyt ic shrubs such as 
the Prosopis, Leucaena, and Lantana, and grasses such as the fingergrass,
the bristly foxtail, and bermudagrass (USDA, 1072). 

SOIL CLASSIFICATION 

The Vertisols of Hawaii are described in the soil survey report of Hawaii
 
(USDA, 1972) and the classification of these 
 soils is listed in Table I. 
Kapuhikani soils receive only 250 to 380 mm of rainfall annually and are clas
sified as Torrerts because they have a torric soil moisture regime and they
have deep, wide crack., that remain open throughout the year. They are further 
classified as Mollic Torrrerts bocause of their dark brown surface horizon. 

Kaena soils occur iii areas of mean annual rainfill ranging Itortn 760 to
1100 mm. With a udic soil moisture regime, their cracks remaining open for 
less than 90 days each year, they are classified is Uderts. Because of the 
low chroma of l ,s than 1.5 when moist and because of the mott-led horizons, 
they are further clasified as Typic Pelludert s. 

The other seven soil series have a usl ic soi l moist ure regime and are
classif ied as either Chroniisterts or Pel lusierts. Chromusterts have chromas 
of 1.5 or more when moist , while Pellusterts have chromas of less than 1.5. 
Waihuna, Hlonouliuli, Lualualei, and Makalapa soils are classified as Typic 

126
 



the nine Vertisols of Hawaii according 
to Soil Taxonomy, FAQ legend, and
 

Table i. Classification of 

1979).


French Taxonomy (USDA, 1981; Beinroth 
et al., 


Soil series Area 
ha Subgroup 

U. S. Soil Taxonomy 
Soil famiy 

FAO 
Soil unit 

French Taxonomy 
Subgroup 

Kapuhikani 506 Mollic Torrerts very-fine, montmorillonitic, 

isohyperthermic 

Chromic 
Vertisols 

111/211 

Kaena 1684 Typic Peiluderts very-fine, montmorillonitic, 

isohyperthermic 

Pellic 
Vertisols 

111/211 

Waihuna 1791 Typic Chromusterts very-fine, kaolinitic, 

isothermic 

Chromic 
Vertisols 

III/iii 

Honouliuli 1423 Typic Chromusterts fine, mixed, isohyperthermic'' 
ChromicVertisols 

III/iii 

Lualualei 5094 Typic Chromusterts very-fine, montmorillonitic, 
isohyperthermic 

Chromic 
Vertisols 

III/iii 

Makalapa 1192 Typic Chromusterts very-fine, montmorillonitic, 

isohyperthermic 

Chromic 
Vertisols 

111/211 

Nonopahu 356 Entic Chromusterts very-fine, kaolinitic, 

isohyperthermic 

Chromic 
Vertisols 

111/211 

Papaa 455 Udic Cromusterts very-fine, montmorillonitic, 

isohyperthermic 

Chromic 
Vertisols 

111/211 

Kokokahi 409 Udorthentic 
Pellusterts 

very-fine, montmorillonitic, 

isohyperthermic 

Pellic 
Vertisols 

III/iii 

12910
Total 


Total land area of Hawaii is 1,665,400 
ha.
 

aAs reported by H. H. Sato, SCS, 
USDA (Honolulu). 


bIII/iii is sous-groupe model of 
groupe des vertisols a drainage 

externe nul ou reduit a structure 
arrondie;
 

a structure arrondie.
 a drainage externe possible 

111/211 is sous-groupe model of groupe des 

vertisols 




Chromusterts. Nanopahu 
soils, on the other 
hand, are called Entic Chromusterts because they grade to Entisols, while Papaa soils are Udic Chromusterts
because they have a more moist moisture regime than the Typic Chromusterts. 
Kokokahi 
soils are classified as Udorthentic Pellusterts 
because they are
 
more moist and are younger tha'. the Typic Pellusterts.
 

As indicated in Table 
1, the Vertisols of Hawaii have either a montmorillonitic, kaolinitic, or mixed mineralogy class. The kaolinitic and mixed
families include not only kaolinite bur also halloysite, X-ray amorphousmaterials, as well as montmorillenite (R. C. Jones, personal communication).
Because of the high clay content, these soils belong to tile fine or very-fineparticle size class. Their mean annual soil temperature, furthermore, isabove 220 C, and because the difference between the summermean :ind mean winter temperatures is less than 50 C, they belong to the isohyperthermic Lempera
ture class. The exception is the Waihuna soil which is isothermic. 

Soil parent maoterialss determine the kind of mineralogy (Uehara andSherman, 1956; Ruhe et al., 1965). For example, the alkaline coastal plainsediments having low iron and' manganese oxide content but appreciable calciumcarbonate are dominated by 2:1 lattice clay. The acidic highland materials
having higher oxide content are dominated by kaolinitic c lay. The materialsoccupying the landscapes between the coastal plains and the highlands are
in turn made up of monotmorillonitic as well as kaolin minerals. 

Pedogenic processes operatling in the soils also influence the mineralogy
of sois (thssain and Swindale, 1970). With the influx of colloids and ionsOl sili(coi, i11on, aluminum, and tile bases into the lower soil horizons with 
a water table, kad lin mineral; such as halloysiLe may resilicate to montmorillonite. There is l so evidence that "lien the activity of iron in the soilsolut ions is ;ufficienly high, montmorillenit.n may transform to nontronite 
or I neont rossit i mineral (lussain ind Swindale, 1970; Sherman at aIl., 1962).
The rnontrmri' I loni tI, of Ilawai i , ther lore, have not only high magnesium con-Lent , -ef lt I ing Ith release Of thai: ion from decomposing ol ivine, but also 
a high iron conte.ri . The occurrence of hydrated halloysite is aLt ribttedby Ilusv;;in and imoist. 

drying cycles with ince' 


Swindal to condiLions and less; frequent WM Ling and 
asing Foil depth. 

DISCUSSION ON SOIl. CLASSIFICATION
 

Moist chroma and classificat irin 

According to Sa I Tixarimy (IISDA, 1975), ciroma is used to differentiate
(1) Chir tustersq from Pellustrt s an (2) Chromuderts from PelluIderts. Both
ChromusterLs an Chromdrl t, have i chrorno, moist some, of 1 .5 or more in 
part of the matrix of the upper 30 sm in more than half of each pedin. ChromusterLs and Chromder.s are further described as having gent:le slopes where 
water ,innor. stand. On otherthe hand, I ie Pel IIlIst errs and Pel luderts (most
ol th, n) ar. des,:rir d as; bein lv,g l or in depressins. Such statLments
imply that Chraius;tart s and Chramuda nis aare bet ter drailied orhl I t han Pellus
terts and P lIluderts.
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Charts' Vtiough was aM~e VertfISs of 11w hav beqn'recorde'Id, I 

a4 hu a of 1JQYR, SDA,' 1972'), there,. are others tLhaL have beenrerd ih 
hus~Y a .Y* he5R nd1OYR hue pages d~not .appear,, 0oprsen 
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and, p 2"5R'.5Y"hu ae ave chromas 1 i increment 
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the. soi' color. when' thfe c rol a fis be wu'e n0a'n d2. 

Thel dark color in bI'ack so sI ha s'been, reviewed b y_ Sh1ecrman1 and liehar 

andl56')ra a ndSemn (1956) noxd 'and humus Vclu ding sdu 
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Lhl.bla'ck color. Ba'sed- on theii 'observation , Shermapn. and Uchara, owever 
be I iqee tha L o ganIgc matter jnay not be 'the' Causo 6fthclo ibac rp
calI soils., Thy on ack monLMni llonitic-'Clays , () under protected ra
of basalt rocks, where conditions favore theretention of~bases- and('2) w'thin 

baa~ Lhcre~ was of olivine crystals. 1~bt 

C sslittle or no~ orgaInIc Ma ter was presenpt. Uehar a ,and Sh'ermnan (1l956'): 
Euteconcluded that in the red andf black camplex sails of Hawaii, kaolin 

was :the dominant mineral in the~red soils and monImoillonito was chedomninant 
S ineral in the black soils.~ 

~i~ o~,kswhere deomposition 

' ontmoriI InLOeWas identified in e. dark-colored,m p0orIy; -drain d, 
siciky! and p'laSLi .,Gray, Hydromorphic SoiLs of Hawaii -by Gil I and sherma'n 

-~- (1952).~ For these' soiIs''pe renL . oganic. mat tor an cL tonecaecpcity 

matter 
bt l ototta dsorbe !Ca'ossc,'smgeim They round that these 

----solls became~ dis'persed and plastic' when the pretmgeimstrLol x 
- rhopresence uf organic mae-rtio o 

exchangeabla. calcium A0,o-xchangeable, magnesium wasapoiaeyuiy The 
-~-, 

~Vortisols :'' rela~ted sot Is of Hawaii, haVCe_'a high ~magnesium content because 
,X, theyiiare AdeoriVd rc ks ,olIIv ine ba's1t CIl I e, ' 

- - rbud theo. -plastic/ properties not anly to the Clay Cype anld organic 

ro auhns 
1955).I 

~ ~ ~ n stde '4Selected ~fsm-etsl ~ ~oae ~ ol 

'"A dicsinismd t 'show A.lhe 4'difference existigi h e~sl 
the 1 chrom~andof- lawiihedii'a'-'seek Ling characteristics" of'-

~Pell soil great groUps,in Hawaii.'1 ''~'' "~ '-
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Table 2. Laboratory data of Lualualei clay; Typic Chroma,tert, very-fine, montmorillonitic, isohyperthermic. 

Depth iorizon Part icle size analysis Bulk Water content Organic 
 Total C/N Extractable
 
sand silt clay density .3-bar 15-bar C N Fe 

2-.05 .05-.002 .002
 
(,_m) (,':, ot 2mm) (g/cc) ( ) ( ) ( 
 ) (O/) 

0-3 Al 
 1.29 31.8 22.0 0.66 
 0.082 8 7.3
3-25 A12 
 1.38 30.0 22.1 
 0.42 0.060 7 7.0
25-55 AC 1.52 28.4 
 22.7 0.21 0.054 4 7.5

55-75 -,1 
 1.56 27.8 21.4 
 0.17 0.044 4 7.3
75-1273 C2cs 
 1.54 28.4 22.3 0.17 
 6.6 

- Depth Exchangeable bases Cation exch. Base pH Extensibility

Ca 
 Mg Na K Sum capacity saturation H2 0 KCI 
 COLE
 

(cm) ------------------ (meq/O0 g)------------------ () (cm/cm) 

0-3 17.1 15.2 0.8 1.4 34.5 34.1 100, 7.1 5.9 
3-25 15.1 15.1 1.3 0.4 31.9 32.9 
 97 7.2 5.4


25-55 14.6 13.4 2.5 0.2 30.7 
 32.9 93 
 7.2 5.4

55-75 16.0 10.5 3.9 
 0.2 30.6 32.1 95 
 6.8 5.2 0.136
75-123 73.1 9.3 7.2 0.2 
 29.8 
 5.6 4.9
 

Remarks: Bulk density is 
field moist; cation exchange capacity is by NH4OAc. Source: USDA, SCS (1976), p. 202.
 



Table 3. 
Laboratory data of Waihuna clay; Typic Chromustert, very-fine, kaolinitic, 
isothermic.
 

Depth Horizon Particle size inalysis 
 Bulk Water content Organic Total 
 C/N Extractable
sand silt c lav density .3-bar 15-bar C N Fe
 
2-.05 .05-.002 .0)2
 

(cm) l 2 Tm.mm) Ic/cc) (,) (%) (%) 
 (0) 

0-10 Apl 1.15 34.3 26.6 1.1! 0.13 
 9
10-43 Ap-
 1.19 35.6 28.9 
 1.51 0.17
43-58 B21 9 9.1

1.28 35.5 29.4 0.40 
 0.08 5 9.4
58-93 B22 
 1.23 36.5 30.8 
 0.29 
 9.7
13-135 B23 
 1.18 36.9 31.4 
 9.9
135-1b3 B24 
 1.28 35.5 30.2 
 9.5
 

Depth Exchangeable bases 
 Cation exch. 
 Base pH Extensibility
Ca Mg Na K 
 Sum capacity 
 saturation 
 H20 KC1 
 COLE
(cm) ----------------- (meq/100 g)........... 
 M 
 (cm/cm)
 

0-10 8.9 3.7 
 0.2 0.6 13.4 20.0 
 67 5.0 
 4.0 0.078
10-43 6.4 2.4 0.1 0.5 
 9.4 22.8 
 41 4.5 
 3.6 0.071
43-58 9.5 4.9 
 0.2 1.3 15.9 20.4 
 78 5.9 
 5.0 0.045
58-93 8.3 7.6 
 0.4 1.0 17.3 19.8 
 87 6.0
93-135 3.6 7.8 0.5 0.3 
5.1 0.049


12.2 18.0 
 68 4.7 3.6 
 0.043
135-163 5.3 1.6 0.5 0.4 14.8 19.4 76 4.8 3.7 
 0.042
 

Remarks: 
 Bulk density is aL 1/3-bar; cation exchange capacity is by NH4 0Ac. 
 Source: USDA, SCS (1976), 
p. 198.
 



Horizon 	 Descripton
 

C2cs 75 to 123 cm; very dark grayish-brown (IOYR 3/2) clay; very dark 

(IOYR 3/2) dry; strong medium and coarse subangulargrayish-brown 
blocky 	 structure; many deeply grooved slickensides; hard, firm,
 

very sticky, very plastic; few fine roots matted between ped faces; 

few fine tubular pores; many fine and medium gypsum crystals; common 

black stains in pores and on peds; common sh iny specks; few light

colored sand grains; strong effervescence with hydrogen peroxide; 

medium acid (pit 5.6); abrupt. 7mooth bound;ary. 

C3cs 123 cm; very dark grayish-brown (IOYR 3/2); very dark grayish-brown 

(IOYR 3/2) dry; strong coarse subangular blocky structure; many 

deeply grooved slickensides; extiremely hard, very firm, very sticky, 
few fine tubular pores;very plastic; few fine roots between peds; 


common 
 medium and coarse gypsum crystals; few shiny specks; stirong 

effervsceone with hydrogen peroxide; medium acid (pit 5.8). 

Description of Wailina clay 

Horizon 	 Description 

0 to 10 ci; dark brown (7.5YR 3/3) cl ay; moderate very line andApt 

line granulir structUre; very hard, friable, very sticky, very plas

ci; common plant remains ihat have been pl owed under; many inter

it ial porib ; violen: effervescence with hydrogen peroxide; (lear 

h botnda ry.
ll1o.t 


Ap2 10 to 43 n; dark brown (7.5YR 3/3) clay; structireless (massive); 

vet" hard, slIghil ly Iriible, very sticky, very plast. ic; common plant 

remI i ns t h,i li hive Iw'on plowed under; Common pores ; viio I ei el ferves

S0.ti:lC , iIt h l yyi' o;'i pvroxid(i; 0oIMmo variegat ed sand grains can 

rt11,11 i (I Iea r h1 bolu1 ry.0it( 5t' ll i d( h ll!; ; iiioi ila 

B21 41 t It cm; cia rk Iirown ( 7. SYR /3 ) rlciy; weak and inode raLe very 
st i .cky,very 1)1asfnt !,ibiiiil-itir bl cy st rucit -r; i ri. l , ve ry 

I iL ; I -", toot (W)Mlt -v;; at sattd be( ; p)tI aiiny l sanii grtains can 

!;, I. II tllid' I ltl 1 ,, ; vl(io i i(,li ei iI,(rvc,;sc(,lli(ct w It hlyth li )Ak-, perixcdei 

clI,.Ir w'VV botibll(Ii %. 

B22 	 58 ti (Ti ; dlitk hr,,wn (7.5','R 3/7) clay; moderat, very I inc and 

f it](.-iict'ul r ,Iyr I ri.ble, sI. i(ky, Very plasbn ctl lore,; very 

tic; ti, i ci,ot,; many very I ie im tid I in( I itbolar pores; many mang inc;e 
!;;ai lv ,lI 1 ''1( re It i ,1 ;,- t (Oltitlwol thin pat (-hy g,,laze ; c rushed ol or 

hi; - Ii )II y Ii iljir ( hl i-mio ; in;m v viriegati d saidl grains; occas ioii1 

hii gli I y weal 1h,, d pe.hb (,i ; :;i r,,g I Irv rvoccoce with hydrogtn per

oxide; gi- icil 'c y iooiidiry.,r 

dairk bi(,i (7.5YR 1/2) siIty clay; weak mediium prisma1123 	 93 it, 13) , i; 

I i( brec 	tkioi, int(l !,ri(lo) fine ia d medium su angular hlocky st ruc

ilr(,; tri;,bl. v,,ry c i. ky, and very plist. ic; nio root s; many very 

fine ttlhto ir [ccilr; ni.ny va ri iga. ed sand l rains can be underscen 

t.h h;iid letc; few hi h ly wiithered pebbles; many manganese stalns 

and con'ret ion:, ; iuallgii lo c c axin; ar, mainly on cleavage planes; 
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Hor -z cpt 

00 a -glazetw prssuro a 1slit:- Otte sonce 
I ae pero o ec 4on ,mao -s a in Barj Cor no9 

32 a c ; da b 7~. g ~aese cly.stong me 1 

nd h sf -a g so stains

A d' ce~os coptyinuo sbekignn on ! caas lcn t!,cepo ny 

sides,~~~ oo sia s ydpls h',fo rh 


wt~1 y rogen. peroxide excopc-t on, manganese st a ns an -co Cei 
whore i s ~vionL. 

bt~f,Raymaido. Sixc .ortisol1s aro a lso reported 'by, Raymundo 4965
Alig h h s various numbers .an ames to -identify" hojse s o~i I cs'ar~ocated most l in. areas *curron:. mapd as Chromustorcs. Becausc his,

so crainsLn C,6 n~aa drainag b1,siit 1o.r iLhe c nor reainhb een, the' moist- chroma land Lila dry tand 'moist", consistence, nocoprsoncano6, a~a WI k the relationshi s obser'ved' for he, SCS std. The so r-n 

files of , Raymundo, hoevr are of inr~erestL * ii this st 'dy qai o~o
 
the 'have a moist chrom,' "of l:.5 , rmr fi 
 thq, major pai-L of 110L anr~Ik'U perp30 cm of -the oil, whitle three others have -anmoist chroji of I ass 

ta1.. Presumbly, thley a re Ch rmste 9an PeIIus Lc La re spec tIvI 
Seventeen of the~upper two or throe horizn were. selected lrom thse' soils 

groupod 'according to chroma nd he areq rsne inTbl,4 

It is Intrersting to' note that the mean~15-bar water, con~erlL was 27 .%
fo the 7cgh :hrzn wih a moist chroma of .15 or morc ad 35.8%.;fo Lila
nine horzn wiLIa moist~ chrom of less than 1.5. 

A orrelatoi analysiseof Raymundo's, datao th wgupofor0s

showd ahigh ly , s gnif icanL rnegatilye relaLtionship between~ chroma and 15-bar
 

w"Itrcontet (r -. 8):{and be~ween chiruma and caio exchangei capacity

(r -. 62),where r 0.606 aL the 1%L7~llof slgn ic .inc e (d. 1 i5)


The, ow croa I, Llcroeor,
a'sscaLOd wih-11higFh 5barrWe cnnt*ind a h igh catto~n exchange',capa I y. A htgh I5bar wator 'cotiteont n "h 
cation exchange~capaci in Lurn related to the presence :of minerals' su~ch 
as morl morillonite or ev~ X-ra amrpou Maoia 

Table 4 Sho'ws thia mont~moril lonite Landed to be more abundant than knoti
littof g~y st ,iohrizns having the lohroa . Bocause miltior I IIli o 

4< Supot the '44~iro] reaig 444oiln~ ot~Phg aio XI~g 
capacity~~~44orlain inten 

Lia sven byI
'Ll e3ohoi zons Ili the ppot 30 Cm i O$f th So II hve a 'chroma of ore than 

1 5 ith wo hoi~rzons. being. less On I .54 .The 1~3 ,h'iizons41 wa ma 15
ar wat~e oC27- n value' wh ich is vo sfrm arto"'ihe pi value. of 27.4% .4

Cor tpaymnd( s # ils haingt a mota roma o 1 .5. &7 " 

hfe pedons of liouteq ro SCS (USDA, 

f s . inore. Lhurn 

AI 



s; nSJcn.aaiae or 	 Tar Ris a~ 
a- a d hemical consuf car 6 a -s a e2O 

0 12-n . Acord a . Blo Hu a pa anal comun .a-Litt-~f 

l 	 haas,
da coa s re, rela ad 6r ao Vhai ta t av 
ay d-study sfroI uggestspa !relaos ba a a ar coior,.and-q~ 

h presac 1of -,thc oaqe mneraiI n s a needk ta pu rsuel th qcaIor~ 
e1 a tin sh Ips: i.I 1 furth r 

ayoundol, data -'hush 4indcatce a a-o cra s sai t i 
-- o m nera hcatfion; 'xchariga .capactaig 1 a .-atEo qnat an h -, 


i-naialsc as o 4Ita and "van am ho60u1ater1ialsS 4
s amntmoiAr 

-Sud ofHssat and:'S~~inda~e -'- A "gro'up, of six Impe rfact I; ao'PoorlIY ,-, 
drama,, so l~sw tormar 1y- c Las sifoi - Gray 11yidromorphi'c i~s' was-studied y-


Hussa in'and Swind' L6 1t970Y. Presantl1y ana" soil is classifiad as' aI Ty'pic
 
housri twa_ as .Typic1 Tropaqjuep , twa Typic c another
as Calie ual Ij, an~d 


as Cumul~i cII apla all.
 

-ltho gh-ionly ona 	ofLhe soits is a Vertisol', all of th~adata wera exam
'wa any moIst ;citto see if there re reationship beteendt ma andpoad 

'usaSpartios rlati ng izohydraiorphic charctI~ cs -- n dle' found 
little variatian 'in ,the hues an~d values Of tIhe Cpi padops tiraughout"l'&h d o-dr 

Zmorphtc sequence, Furrhermora, -,Lhe chromas of tilepon 'did aot.dacrease 
with~'increasing Waqcness. In fact, all of the epipedon aai'Ve tha, 10 cm oepth 

k- !'xc-ept: for on a-soilV ad FIchrora of 2r 3 anld Lhpre' was no. relation, be
4tween chrama~and~ th F5-bar water. content thiat w-s, observed .no th - data of;
 
~SCS'(USDA, 1976) land of Raymundo (1965).~
 

Th eea r~di h study of iiussaiA and Swindala k1970) , howeer" 
andwas 	 that as~ the so is~lb 

stucursd ter I Ld f Whereas, ha~yiewstedmnn clay minral 

inOiha les hdrorhicsofls (the'Ohromteiq~,rtS,),* Mantjorita Was domt.
 
nant . in th mre hdrom'phiCLSoi Is'- lIydated halthysir~e was prasent in all
 

of the sot Is bu t ws most abundant in the more hydromorpicsoils. :
 

of~HawaiiDifferentLat~ing claracterLics InVertisols 

The nin e sersof yotisls in Hawaii are classified as-.Torrderts 
Le~s and Udert$.~ For, tcUsteitSLadV~t,~ ~~~ 

usedto dfferntiaethe Crom~t~ars f oPl1uerts rand ihe Chromude rtS~ 
ffrOM PCI lUder~s ~ ~ ~ ~ 

'The review of Iteracre oWedLhLin goporatL the Chros~ets (f 
Hawaii e well dral 1od white' the P10ll.ut''r mdroly well drained and 
the PcI de r'ifs oorly drained. TheJ9dou~ at rts~ hayo orLeveariy 

Vert [Sol SWtLhepipedon~ havi ng amoist chronia ofy 15or highear linve a1 
low r ~~a-water content~ than those having a lower chron. nlbni h 

fo piecrs6 s~ IncIudc L~o Crmsts~ are a niti~ch(! an~d nssocitad With' kaol 
0r mxe mineralogy c I, i,,i The, IatLLr soils incuduche PaIlius~ort, and tho 
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Table 4. Laboratory data of selected 17 horizons of Vertisols reported by Raymundo (1965).
 

Soil Depth Chroma Clay Bulk 
 15-bar Organic Exchangeable bases CEC pH

density water carbon Ca Mg Na K 
 H20 KCl
 

(cm) 
 () (g/cc) Mt
% (meq/100 g)
 

2 0-5 1 78.1 1.8 37.6 0.65 66.6 
 30.9 2.6 3.7 91.4 7.8 
6.5
2 5-13 1 77.0 1.4 
 35.5 0.63 70.3 40.3 1.7 
 2.1 90.4 7.8 6.6
3 0-10 1 58.1 
 1.6 36.4 0.55 53.2 
 25.8 1.9 
 1.3 81.8 7.8 6.2
3 10-25 1 49.7 1.5 36.2 
 0.46 50.4 22.7 &.4 
 1.0 82.2 8.1 6.4
3 25-61 1 52.4 
 1.7 36.7 0.40 49.2 
 23.8 7.7 
-- 0.8 83.6 8.1 6.64 15-76 1 75.8 1.7 
 31.7 0.56 23.4 25.7 7.4 
 0.9 60.6 6.6 5.8
5 0-10 1 59.2 
 1.6 34.6 0.93 27.6 23.0 5.7 1.6 
 60.9 7.4 6.3
5 10-36 1 68.1 1.7 
 37.8 0.57 
 23.3 20.4 
 9.9 0.9 68.6 7.7 6.6
 

1 0-5 2 70.6 1.7 27.0 1.27 34.9 18.7 
 1.5 5.2 50.9 6.7 6.2
1 5-15 2 67.8 
 1.7 25.5 0.78 37.6 
 17.5 1.1 
 1.5 52.8 7.4 6.4
1 15-30 2 64.3 1.8 26.1 
 0.58 40.7 18.6 
 1.8 0.7 51.1 7.7 6.4
2 13-51 2 73.3 1.6 34.7 0.48 65.2 
 15.7 2.4 
 1.3 85.4 8.1 6.6
4 0-5 2 71.6 1.6 34.2 0.88 24.5 29.6 
 5.0 1.6 54.5 7.1 5.9
4 5-15 2 76.1 1.7 20.6 0.67 24.3 24.5 6.1 1.1 
 59.2 7.0 5.9
6 0-10 2 59.1 1.7 27.9 
 0.78 17.5 21.0 1.5 
 1.3 61.8 5.8 4.4
6 10-25 2 50.3 
 1.6 26.8 0.77 18.2 
 26.0 2.4 
 1.1 65.0 6.2 5.6
6 25-46 2 36.8 1.6 23.4 0.39 18.8 31.1 7.6 0.9 59.1 6.0 4.7 



Table 4. (Continued).
 

a
 
Mineralogy class
Total Eleental Analysis
Soil Depth Chroma 


Na20 K20 P 205 Mont. Kaol.
 
SiO2 TiO? Fe 20 3 MnO MgO CaO 


cm)
 

3X IX
0.45 0.58 0.08 

2 0-5 1 47.3 3.9 15.4 0.25 3.62 4.54 


3X 1X
0.45 0.48 0.76
0.25 	 3.76 4.82 

3X 2X
2 5-13 1 46.9 3.6 15.4 


3.84 2.20 0.65 0.67 0.66 

3 0-10 1 42.4 5.8 19.0 0.67 


2.67 0.73 0.63 0.58 3X 

3 10-25 1 43.7 5.9 19.9 0.69 2.94 	 2X
 

2X
0.65 2.83 2.43 0.77 1.13 0.62 	 3X 

3 25-61 1 42.9 6.4 19.6 


0.32 0.57 3X IX

3.4 18.2 0.65 1.67 1.75 0.87


4 15-76 1 43.4 

1.07 0.32 0.71 3X IX
0.34 	 3.42 5.32 


3X IX

5 0-10 1 47.0 2.9 15.1 

5 10-36 1 47.7 2.9 15.7 0.36 2.09 4.11 1.27 0.29 0.68 

0.51 2.97 3.27 0.44 0.54 1.08 	 3X 2X
 
1 0-5 2 36.3 4.6 19.2 


0.35 0.94 3X 2X
 
4.6 19.1 0.48 2.71 3.63 0.47


1 5-15 2 39.8 

0.92 3X 2X
0.45 2.47 4.15 0.40 0.27 


1 15-30 2 40.0 4.8 19.7 

0.89 3X iX

15.0 0.28 2.45 5.44 0.44 0.53 

2 13-51 2 49.4 3.2 


3X iX0.51 0.27 0.60 

4 0-5 2 41.4 4.2 18.1 0.58 3.79 2.52 


3X IX

3.6 	 17.4 0.59 2.09 2.02 0.64 0.28 0.59 


2X 2X

4 5-15 2 42.7 


1.52 1.36 0.94 0.24 0.41 

6 0-10 2 50.1 3.0 15.5 0.24 


2X 2X
2.35 1.46 0.29 0.46 

6 10-25 2 54.0 3.1 12.4 0.29 1.95 


2X 2X
3.76 1.34 0.58 0.34 

6 25-46 2 52.8 2.2 13.8 0.33 3.42 


IX = trace to small; 2X = moderate; 3X = large.
 Mont. = montmorillonite; kaol. = kaolinite. Amounts: 




Pelluderts 
 and are 
 associated 
with a 
montmorillonitic
Studies with hydromorphic soils 
mineralogy class.
 

nant mineral 

have also shown that halloysite was
in the less hydromorphic soils 

the domi
and montmorillonite was
nant mineral in the the domimore hydromorphic soils.
 

Indications 
 are that the dark colors of Vertisols
the presence are more relatedof opaque minerals tosuch as magnetite
fraction and ilmeniLe
rather in the
than organic matter. silt
This relationship, 
however, does not
appear to be assoziated with the chroma.
 

This study, therefore, 
suggests 
that Vertisols of Hlawaii
chroma of 1.5 or more having a moistcan be differentiated
The from those withdifferentiating characteristics a lower chroma. 

are drainage class, dry and moist
tence, 
15-bar consiswater content, and mineralogy which includes the amount
morillonite and amorphous materials. 
of mont-
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ACID VERTISOLS OF TRINIDAD
 

N. Abmad 

INTRODUCTION
 

Typically, Vertisols are derived from rocks and other parent materials
 
which yield abundant cations and essentially clay residues on weathering.
 
Since they also usually occur in climates with a distinct dry season, some
 
of the released catiens, particularly Ca and Mg, accumulate in the solum 
with the result that montmorillonite clays are synthesized in situ . It is 
properties of this mineral that largely determine the behavior of the re
resulting soils.
 

Increasingly, Ve,tisols are recognized that are essentially acid. This 
was acknowledged by Smith (1982 and personal communication) as a result of 
his experiences in tht Caribbean and Venezuela in tile 1970's and Ahmad (1980). 
The general recommendation was that official recognition should be given 
to the occurrence of acid families of the various suborders of Vertitols, 
the limits between acid and nonacid members being set at pt 5 (water) and 
pli 4.5 (KCI). 

If these limits a;re acceptable, over 25'7 of Trinidad consists of acid 
Vertisols; a listing of the more typical ones is shown in Tfable 1. 

OCCURRENCE AND GENESIS OF ACID VERTISOLS
 

On the coast of South America, the Caribbean Islands, Central America, 
the southern Jnited States, -nd possibly in other partis of the tropics and 
subtropics in essentially wet climates, acid Vertisols occur on fine-textured 
sediments; these have been derived from previously weathered and altered 
materials in a regime that favored the synthesis of montmorillonite. Tile 
clay texture and montmorillonite mineralogy of the resulting soils. are, there
fore, directly inheriled from their parent materials. Where these deposits 
are of recent age, they usually occur on coistal fringes, estuarine conditions 
and river floodplairii; and have an essentially flat. topography of less than 
1', slope. They at,' subject t t idal and/or wet season flooding and to conLin-
IoIUS leaching. 

Acid Vert.isnls also develop on geologically older materials, providing 
these are secondary in origin and have been subject to at least- one former 
cycle of weathering. Thus, in Trinidad there is a large area in the central 
a n d southern part.s ,il t he island oi noncaIlcareous lacust-rine deposit-s of 
Pliocene to Eocene ige, which is now l evat.ed and dissected. On this location, 
tlwo of the most widespread acid Vert.isols of Trinidad have developed. The 
present. floodplains of rivers draining this ar..a also have acid Vertisols 
which are derived as products of erosion from these older deposits. 
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Table i. Acid Vertisols of Trinidad - their classification, parent materials, aerial extent and pH range. 

Series Family Sub-group Parent
material 

Aerial 
extent 

pH range
(water) 

(ha) 

Bejucal clay very fine, mixed Entic Pelluderts swamp clay 2,335 4.6 - 4.7 

Biche clay
Buenos Ayres 
savanna clay 

very 

very 

fine, 

fine, 

mixed 

mixed 

Aquentic Chromuderts 

Entic Pellusterts clay shale 

724 

200 4.6 - 5.2 

Cacandee clay very fine, Typic pelluderts swamp clay 886 4.0 - 5.0 
montmori 1loni te 

Cedros clay very fine, mixed Entic Chromusterts sandy clay shale 467 5.0 - 5.6 
Columbia clay very fine, mixed Udic Chromusterts clay alluvium 125 4.1 - 5.4 
Cromarty clay very fine, mixed Entic Pelluderts clay alluvium 7,155 5.0 - 5.7 
DebE clay very fine, mixed Entic Pelluderts clay alluvium 2,324 3.9  4.8 
EcclesVille clay very fine, mixed Aquentic Chromuderts clay shale 34,506 4.6 - 4.9 

La Brea clay very fine, mixed Entic Chromusterts clay shale 240 4.1  5.5 
La Fortune clay very fine, mixed Entic Pelluderts swamp clay 1,956 4.7  5.0 

La Retraite clay very fine, mixed Udorthentic clay shale 3,798 4.8  5.0 
Chromusterts 

Marac clay very fine, mixed Udorthentic clay shale 3,800 5.0 - 5.2 
Chromusterts 

San Franicique clay very fine, mixed Entic Pelluderts swamp clay 5,427 4.2 - 5.0 
Talparo clay very fine, mixed Aquentic Chromuderts clay shale 65,227 4.3  4.7 



need not be rich in montmorillonite at their

The transported sediments 


and aqueous contact over long
 
source. In many instances during transport 


which eventually result 
in con
could take place
periods of time, changes 

being formed. An important example of this change


siderable montmorillonite 

deposited on the coast
 

is the case of the Amazon-derived sediments which are 

These sediments which
 

of South America, particularly Guyana and Suriname. 

of South
mountainous areas
the Andes Mountains and other
originated from 


In long contact with the fresh waters 
America are initially rich in micas. 

place. These altered
of rivers, partial weathering of these minerals takes 

ocean as
 
sediments eventually come into contact with 	marine salts in the 


coast. When they are finally depos
are swept along the South Americanthey 

ited on the fore-shore, they have considerable montmorillonite and the derived 

soils consequently develop vertic properties.
 

of Venezuela (J. Comerma,
Some acid Vertisols of Trinidad and those 

personal communication) and Guyana are 
personal communication) (G.D. Smith, 

year in the wet seasons. In the dry se,.sons

submerged for several months each 


they dry out. and crack deeply even though the subsoils may be quite wet.
 
the subsoil


In these cases, tlhe top soil is invariably dark grey in color and 
mottled yellowlsh-red.

could range in color from essentially grey to weakly 

At greater depth, the profiles are uniformly gleyed.
 

PROPERTIES OF ACID VERTISOLS
 

basic chemical properties of representa
Particle-size distribution and 

tive acid Vertisols of Trinidad are presented in Table 2. In Table .3, data 

showing the chemical properties in field conditions (extractions by neutral 

acid Vertisors of the
 
normal KCI and NHi4 Cl) are presented. Not all of the 


region have been studied mineralogically, but 	 the limited studies which were 

the data, and from other field observa
done are summarized in Table 4. From 

tions, the following points could be made:
 

Texture and structure 

being
are by nature fine-textured; however, the acid members, 

size, are parti-
Vertisols 

derived from water-transported sediments already of clay 

cularly fine-textured. Many of the Trinidad examples have clay contents 

higher than 90% in the subsoils; although an estimate 	 for fine clay (<O. 2p) 

clay in a Guyana acid 
not yet. available for the Trinidad soils, fineis 

than twice that of a coarse clay (Ahmad et al . , 1962).
Vertisol is more 


these soils are extremely fine-textured; this has 
 implications
Therefore, 

use. The clays are easily dispersed and the soils 
for their agricultural 


extremely low hydraulic conductivities.
accordingly have 

ar for the most part(I the acid VertisolsThe st ructural features 
extentVaria ions occur depending upon the duration and 

typical of the order. 
for those that are so affected. Some could

in the wet seasons 
the surface layer to the

of inundat ion 
of organic matter in 

In suchhave an appreciable amount 

could ameliorate the deficiencies of structure. 
extent where this 


soil could have a friable surf ice structure with typical 
 vertic fea
cases, the 

tures at depth. In the most extensive soil in Trinidad, the Talparo clay, 
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Table 2: Particle-size distributiion and chemical properties of some acid Vertisols of Trinidad. 

Mechanical analysisb i.e. per 100 gi oven dry soil' --- %Oven dryDept h( c ) ] pHi 'Oveu dr soil-

Sand 
.. 

Sand ! .02-: <u 0 .00 
2-.. 02' .002! mi 

1- .11.E.f,1 C "M i K i N N C/N
a i p.p.m.

T u g 

Beduc al c lay 
0e-u 2 la 
- 12 

12- 35 

5-07 

150 
107 

Debe clay 
O - .5 
.5- 6o 
25 - 6 
60-395 
95 -1 
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4 .7 

4.7 0 
35 .514 02 
4 . 0 
4 

4.9 2 
4.51 
*5 3 

3 2 
1 1 
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13 
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81 
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9 1 
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63 
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39 
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00 
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0.94 22 
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0 
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I 
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2 
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3 

14.213 
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13 62 
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15 
17 60 
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1 82 

12 8 
016 85' 60 
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25.7 23.1 13.7, 8.2,0.91 0.4320.7 '16.2 93 9 
316.510 61 1087 78 115 10.21 
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Table 3. Acidity, cation -.- hange capacity, exchangeable cations (neutral normal KCI and NH4 CI t.xtractions)
 
and Al saturation of selected acid Vertisols.
 

a

Soil Depth pH pH CEC Caa Mga Kb Nab I.a Al Sat. 

(cm) (water) (CaCl2) milli-equivalents/lOOg soil () 

San Francique clay 

0 - 25 4.8 3.6 14.36 5.92 4.11 0.16 0.49 2.50 17.4 

25 - 65 5.0 3.8 22.57 3.96 4.66 0.25 1.20 5.79 25.6 

65 - 120 5.0 3.5 27.70 4.62 5.48 0.45 2.04 7.22 26.1 

La Retraite clay
 

0 - 15 6.0 4.9 21.55 8.58 6.99 0.81 0.38 0.60 2.7 

15 - 60 4.9 4.0 13.34 5.28 4.66 0.81 0.46 0.97 7.3 

60 - 90 4.6 3.6 13.34 3.30 5.21 0.66 1.98 3.36 25.2 

90 - 120 4.4 3.6 24.62 3.30 12.06 0.69 1.67 6.02 24.5 

Talparo clay 

0 - 15 6.0 4.8 26.62 13.86 8.22 0.66 0.59 0.60 2.3 

50 - 75 4.8 3.6 26.62 5.92 8.77 0.61 1.91 4.15 15.6 

75 - 120 4.7 3.7 28.98 5.28 13.70 0.66 2.44 4.26 14.7 

Bejucal clay 

0 - 25 5.0 3.6 23.60 6.60 3.29 0.61 2.22 6.65 28.2 

25 - 75 4.8 3.6 28.73 7.32 5.48 0.46 2.19 9.43 32.9 

75 - 120 4.7 3.7 27.70 6.60 4.79 0.56 2.32 7.56 27.3 

Debe clay
 

0 - 15 4.5 3.7 27.70 14.52 6.85 1.08 1.80 1.76 6.4 

15 - 60 4.3 3.6 28.73 10.56 6.71 0.81 1.20 6.02 21.0 

60 - 90 4.4 3.7 26.62 9.24 6.85 0.50 3.01 5.11 19.2 

90 - 120 4.3 3.7 25.65 9.24 8.22 0.58 3.18 4.49 17.5 

abased on neutral normal KCI extraction 

bbased on neutral normal NH4C0 extraction
 



Table 4. Clay mineralogy of selected acid Vertisols. 

Soils Montmorillonite lllito Kaolinite Othersa 

Buxton clay (Guyana) 15 30 30 25 

Talparo clay (Trinidad) 24 20 34 22 

Bejucal clay (Trinidad) 20 20 35 25 

Debe clay (Trinidad) 18 30 30 22 

amainly quartz 
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the structure of the surface soil is due to other causes. This soil is not
 

inundated but it has appreciable free Fe203 content (8-10%). On the surface
 

where oxidized conditions exist, the Fe203 functions in the formation of
 

a fairly good structure. In the subsoil where Fe is mainly in the reduced 
form, the structural relationships more characteristic of Vertisols are 

typical. 

Soil reaction
 

From the data presented in Tables 2 and 3 and from similar data available
 

for other acid Vertisols in Trinidad and Guyana, the acidity is often less
 

in the surface cultivated layer and the soil gets increasingly acid with 

depth. The drop could be almost two pit units. The higher surface values 

are probably due to the influence of agriculture and the consequent soil 

amelioration which resulted over time. A good example of this is the Taiparo 

soil which was analyzed in this study; it has a pi1 of 6.0 in the top 15 cm 

but this could drop to below 4.0 at depth. The site from which the samples 

were taken has been cultivated to sugarcane for at least. 100 years and had 

received heavy dressings of ground limestone in the past. At any rate, a 

survey of 58 sites on Talparo clay in different parts of Trinidad where sugar

cane has been cultivated for many years gave an average pit value of 4.7 for 

the surface soil (Cooper, 1982). The KCI pll is usually about. one pit unit 

l,'wer than the pit of the soil in water, which is similar for other Vertisols 

(USDA, 1974). 

Adjustments of the pit to higher values if considered necessary ior agri

culture require high dressings of ground limestone--upwards of 10 tons per 

ha to change pit values from about 4.5 to 5.5 to 6.0. 

Cation exchange capacity 

in general , the CEC of the acid Vertisols (Table 2 and 3) is not as 

high as the CEC of other Vertisols in the Caribbean, especially those derived 

from calcart ous and volcanic materials (Ahmad and Jones, 1969), because the 

clay kJllii ,e content is much higher in these Vertisols (Table 4). There 

is also not much difference in the CEC determined at p117 by NII4OAC or at 
117  


the field pil ising neutral normal KCI (Tables 2 and 3). The CEC at- p is 

only slightly higher than at field conditions. TIhis is due to the relatively 

small quant.it y of montmorillonite which has higih pit independent component.. 

Since these soils , -r relat ively low in organic maLter, the contribut.ions 

to the CEC at Ihe higher pit may not. be substantial. 

Exchangeable cat ions 

rhe exchangeable ic a, Mg, K, and Na for all the acid Vertisols reflect 

some marine inlluence, at least at the time the initial or secondary deposits 

were being laid down. For example, ratios and levels of Mg, K, and Ca in 

part icular in relat-ion to st at e of leaching of the soils at present, would 

indicat.e t.hat these cat ions were much higher and thal they have been leached 

to tin preistIn levels. In further support of this, it is to be noted that 

these cat ions increase in content with depth of soil. Ca noi t.he other hand 
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decreases with depth, and this is probably due to the influence of agriculture. The Ca:Mg 
ratio seems important in acid Vertisols. Mg seems more
resistant to leaching in these soils with montmorillonite mineralogy; therefore, with continued exposure to leaching, exchangeable Mg could be evenhigher than Ca. Exchangeable Na and K increases with depth for most acidVertisols, again reflecting former marine influence.
 

Exchangeable Al
 

Exchangeable Al shows some unusual relationships with soil pH1. In Fig.1, the relationship of Al saturation and pil for several orders is shown.For the acid Vertisols, although the pl could be lower than 4.5, A] saturation is not very high, as is the case with Ultisols and Oxisols especially.Similar data are not easily available for Inceptisols and Alfisols. In Vertisols, unlike the orders with low activity clays, exchangeable 11" seems tobe more important in determining soil pli. It is for Luis reason that cropsare grown on these acid soils without- responding to. additions of ground limestone or with crop; showing symptoms of Al toxicity. Cooper (1982) in astudy Of the use of lime on some acid Vert. isols in Trinidad concluded thawlAl toxicity begins to iof IlWence crop product ion at pli 4.0 - 4.2. ExchangeableAl does not- normal y approach even 40% of exchiangeai le ,at ions when t:he soil 
pHlapproaches 4.0. 

The re is a great discrepancy in the amoui of Al ext.ractedat. p117 compared to tihe amount. exit ract. ed by 
by NII 4 OAC 

hoot ral normal KGI. This isexemplif ied by the d,.a presented in Soil Taxonowiy (USIA, 1075) for Pedon125 which is an acid Vertisol. The dilference is much great-er for acidVert isols than for other soils at equivalent field pHl. 

Clay minerlogy 

lata on clay miner lgy Of tle acid Vertisols are limited. The Mineralogy of the clays for three Trinidad and one Guyana Vert-isoI (the GuyanaVerL. isol is prisent.ly c lassif ied ais Vert. i - 'rropaqueptts) is presenl ed in
TabI , 4. Compared to other V(rLisols, the 
acid ones appear to have higherquantl it ies of k , init T. i r ic p e rp ieis are, t herefore, as utiLChaIun t. i i of tlthe I i l Iies s of I ext. ll-Vi as it i s of t he s-11a I oCr ailTiIImot oIf oint monril lim ite which is pr;''n . The kaol in,I , is largely inherited it) the
ca se o f ( he TIr iIn i d:d Ve-rt i so I 
 n vce t i 1i ma ry so urce o f tIv (Inpos ii. wh i clIire lreI; lyre i iI Veti i o; derived f roin clay shl e-s, ar l SO rich iii tli iminerai, linue t,' tli low lf, liih ut is i I I onil tIe in l.e Se So i I s a ro P robo lt yweal l ring t o kioliiiti i . a s an indic a i rn of [his Ihli' i! evidenci of an11inl erst rt if iid ko li il. soom orti Ilonit i n eral ii so e of tIhe c ays.The ri'lat ively highi gi xth,iiig, ,, ml Mg ,min( Al ext i-acted by NII,4 OA( nay alIso be 
a n1inldi cit iomi of t his. 

RECOMMENDAT ION 

It is strongl y recommnided thalt the suggest ion made by Smi th (1982)to have acid, nonacid and calrareous families of the variots subgroups of 
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Fig. I. 	 Relationship between pH and Al scturatlon for related Ultisols, 
Oxisols Inceptisols, Alfisols and Vertisols. 

(for key to soils see Figure legend). 
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FIGURE 1 - LEGEND
 

Al - Pedon 51 - Typic Palendalf (USDA, 1975). 

A2 - Pedon 45 - Aeric Glossaqualf (USDA, 1975). 

A3 - Pedon 47 - Aeric Tropaqualf (USDA, 1975). 

11 - Pedon 74 - Typic Ilydrandept (USDA, 1975). 

12 - Pedon 80 - Typic Dystropept (USDA, 1975). 

13 - Pedon 81 - Typic Eutropept (USDA, 1975). 

01 - Pedon 103 - Haplic Acrorthox (USDA, 1975). 

02 - Pedon 102 - Typic Acrorthox (USDA, 1975). 

03 - Oxisol from Burundi - Typic Acrohumox. 

04 - Pedon 32 - Typic Acrustox (USDA, 1975). 

Ul - Pedon 113 - Typic Paleaquult (USDA, 1975). 

U2 - Pedon 120 - Typic Tropudulh (USDA, 1975). 

U3 - Pedon 119 - Typic Rhodult (USDA, 1975). 

VI - Pedon 125 - Entic Pelludert (USDA, 1975). 

V2 - Debe clay - Entic Pelludert (Table 1). 

V3 - Bejucal clay - Entic Pelludert (Table 1). 

V4 
- La Retraite clay - Udorthentic Chromusterts (Table 1). 

V5 - Talparo clay - Aquenuic Chromuderts (Table 1). 

V6 - San Francique clay - Entic Pelluderts (Table 1). 
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Vertisols be given serious consideration. The limits for acid and nonacid 
as proposed. Thesemembers should be pil 	 5 in water and 4.5 in O.OIM CaCI 

are realistic values.
 

In order establish comprehensive classification of these wet and
 

Vertisols where relatively slight drainage differences could be
 
to a 


low-lying 

important in development of profile morphology, serious attention 
should
 

new subalso be given to the 	 suggestion of Comerma and Luque (1982) that a 

in which many of these wet soils may be classified.order be established 
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ERIOLS OFNENEZULA
 

.A.Comerma4
 

ABSTRACT 
VrsolsnN tene zea1 

~An e6stimracc ion' ha" of I'sVenezuelathre liml occul i Nri1"o 
Th r lIocat in- inyo rig, LatI backuv ia1 plains, occupying swamP POSAtiOns, 
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agricultural development. Vertisols 
in these areas are 
most extensively

used for rice and pasture mainly due to 
the poor drainage situation. 

Fig. I shows the main area where Vertisols occur in Venezuela; itwill be shown later that they occur 
in varied kinds of landscapes, parent
materials and climates, producing a large variation in pedogenesis, character
istics, and clas'ification units.
 

SOIL-FORMING FACTORS
 

Landscape settings, parent materials, and time
 

Most Vertisols in this country are derived from riverine or fluviatilesediments 
 deposited in floodplain 
and/or deltaic environments. Most of
those sediments are either medium or 
highly base saturated, commonly with
free carbonates and sometimes, as in Central Venezuela, with gypsum; micas 
are also very common in most parent materials.
 

The two most common geomorphological positions are the so-called "overflow couvette" and the "decantation couvette"; respectively, they are charac
terized by increasing amounts of clay tabout 40 and 60% or more), increasing
distances from the river channels, and increasing time of flooding.
 

A iew areas of Vertisols are derived 
from lacustrine sediments,
in the Northwestern as
Zu!ia basin, with similar features to the ones mentionedfor the riverine, but with more gypsum ind salts. in the east of the samebasin, as well as in Northwestern Venezuela, in an estuarine environment,

there are some Verrisols derived from 
marine clays or mixtures of them
with riverine; 
 in those, acid sulphate clays or similar soils are formed,

and by tie amount. of fine clay, shrinking and swelling 
 with time develop 
very acid Vertisols.
 

Finally, residual Vertisols are found in the eastern hilts of Venezuelain slopes of around 5 to I 0% derived from marls of Cretaceous age, andin the southern flanks of the Andes in even steeper slopes derived from 
acid and calcareous argillites. 

In relation to time of development., in almost all cases, Vertisols 
are associated with Alfisols. Their time of evolution is consequently
equivalent to the formation of argillic horizons but still having medium 
or high bases. When we find Incept isols or Mol I isols (like Ustropepts
or Hlaplustol Is) in levee deposits, we f ind in the backswamp-associated
deposits Vert ir Tropaquepts, which in most cases are con.;i dered precursors 
of Vertisols. 

In summary, nest o(f tLhe parent materials are rich in bases and weatherable minerals deposited in quiet waters and with flat surfaces of medium 
ages affecting the drainage and pedogenesis. 
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Climate and vegetation
 

The largest areas of Vertisols occur in the so-called "tropical dryforest." This area has precipitations between 900 and 1400 mm with a cleardry season corresponding 
to ustic moisture regimes. This moisture 
regime
is questionable in many places as, due to the very slow surface drainage,water is ponded on the surface generally over a period of three monthsevery year. This generalized condition, of too much and too little moisturein two periods, produces an absence of trees and a predominance of grasses,many of them adapted to poorly 
drained conditions. The presumed moisture
regime due to the 
above conditions, the 
grey colors, and the 
kind of vegetation is more in the realm of the aquic moisture regime.
 

The second climatic area in importance is the 
aridic or torric. In
our latitude this corresponds to a precipitation of less than 700 mm peryear. The natural vegetation in these cases is mostly of leguminous shrubslike the prooopis spp., arid a few cactus. Associated soils in these areas 
are tiapla, Natra, or Paleargids. 

Finally, in the wetter 
areas considered within the external 
udic moisture
regimes, 
 the amount of Vertisols 
is very scarce especially in the 
 flat 
areas.
 

MAIN SOIL CHARACTERISTICS
 

Most Vertisols i- Venezuela, being of alluvial origin, are generallyover 2 m deep, with somewhat irregular clay distribution and in level orconcave 
surfaces. Consequently with these characteristics and with a subhumidmonsoonal climate, there are important areas with ponded surface dradnage.Most Verrisols in this main climatic r,,gion have been classified as poorlyor very poorly drained when they have at least three months (cumula:iveor consecutive) of a water layer on the soil surface. As this occurs duringthe main period of use of soils in this i: titude, it greatly reduces thenumber and kind of crops or pastures to be used. Only in semi-arid regionsor in a few sloping areas where Vertisols occur we are able to fiad drainageclasses qualified as moderately well drained. There is a general relationshipbetween low chroma color soils and reduced drainage conditions andversa for Venezuelan Vertiso]s reported 
vice 

previously (Comerma et at., 1978;Come rma and Luque , 1982). Under these conditions, the predominance ofchromas of two or less in the upper 50 cm of the soil separates well thepoorly or very poorly from tite bet ter-draited ones.
 

Clay contents of most. Vertisols 
 are in the range of 50 to 60%.areas where Lhe sU rfIac drIa n;ge p roduc es long periods of 
In 

ponding, andthe materials are nonca lca reous or onily a I i tt Ie cal ca reou , there isgenera ly a c lay increase wi t h depth on the order of 9 to 13% around50 cm depth. In those cases it is common to find low base 
the 

saturation values,of about 50% by NII 4 OAC, increasing in the lower subsoil. Only the Vertisolsderived 
 from marine or estuarine clays also have acid pit values. rheremaining Vertisols, being the majority, are alkaline generally with freecarbonates. 
 In the semi-arid and arid northwestern areas there are some 
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Vertisols with high amounts of sodium and/or soluble salts.
 

In relation to organic matter, values are usually on the order of
 

2 to 3% in the upper 15 or 20 cm, decreasing rapidly with depth. In general,
 

the wetter ones have the higher amounts of organic matter. A summary of
 

the main physical and chemical properties of a selected group of Vertisols
 

is shown in Tables 1, 2, and 3 (Comerma and Luque, 1982). Regarding miner

alogy, several Vertisols have shown a wide variety of clay mineralogy,
 

although there is mostly an important component of expansive clays. In
 

Table 3 we can see those results. It seems that the variation in parent 

genetic processes can explain that variation. Conmaterials rather than 
comitant with that mineralogy aro the rather low to medium values of the 

coefficient of linear extensibility (COLE) also observed in Table 3. 

Table 3. Content of expansive clays and COLE in I m depth.
 

COLE
EXPANSIVE CLAYS 

(M)
 

RANGE
 
PROFILE (M Soil) 


- 8
La Goajira I 18 - II 9
 

0 - 6 9 - 13 IIEl Palmar 


4 - 5 10 - 12 IILagunillas 


6 - 8
4- 15 9
Vaca 


Valle Hermoso 1I - 29 7 - 14 9 

+ > 50 9 - 13 11
Tucutunemo 


In relation to morphological features essential for its grouping with
 

Vertisols, the slickensides are the most constant and prominent features.
 

They generally occur after the upper 30 cm and usually become larger, more 
is find a kindtilted and intersecting with depth. It rather common to 

of coarse platy inclined structure on top of the slickensides that breaks 

into angular blocky parallelepipeds. Irregular A horizons are common,
 

expressing the crack-filling process, but wavy horizons associated with
 

gilgai are very uncommon. Only in semi-arid and arid environments, mostly
 

in lacustrine sediments, do we find good expressions of gilgai. This
 

high amount of fine clay and/or its montmorilloniprobably reflects the very 


tic nature.
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Table 1. 
General 


Profiles 


La Goajira 


El Palmar 


Lagunillas 


Vaca 


Valle Hermoso 


Tucutunemo 


information on 
the soil profiles.
 

Bioclimatic 

Annual 


Zone 
 Rainfall 


(mm)
 
Thorn tropical 


400

woodland 


Dry tropical 

forestom 1,100 


forest 


Very dry tropical
forest 
 900 


Dry tropical 
 1,400 


forest 


Lower montane, 
 1,100 

dry forest 


Dry tropical 

1,000 


forest 


Landscape 


Marsh 


Alluvial 


plain 


Alluvial
 
plain 


Alluvial 


plain 


Alluvial 


plain 


Alluvial 


plain 


Soil Taxonomy
 
Classification
 

Typic Pellustert,
yp c e lu er ,fine,
vermiculitic, 
isohyperthermic
 

Entic Chromustert,st rt very fine,
 
mixed, isohyperthermic
 

Udorthentic Pellustert, 
v r
 
fine, kaolinitic, isohyper

thermic
 

Udorthentic Pellustrt, very
 

fine, mixed, isohyperthermic
 

Entic (Paleustollic),
 

Pellustert, fine, 
mont

morillonitic, isohyper
thermic
 

Typic Chromustert,
 fine,
 

montmorillonitic, isohyper
thermic
 



Table 2. Main physical and chemical characteristics of selected Venezuelan Vertisols. 

Profiles 
Clay 
(M) 

Silt 
(M) 

pH 
20 

Org. C. 
() 

C.E.C. 
(me/lOg) 

Ca 

Exchangeable cations 
me/l00 g soil 
Mg K Na 

Ele. Cond. 
(mmhos/cm) 

CaCo 3 
(eq. 7) 

L.G. 40-44 30-39 6.3-7.5 0.06-0.55 52-62 12-17 7- 8 0.3-0.4 1.1-12.3 0.6-6.0 1.O-4.O 

I 
'0 

E.P. 

L. 

55-63 

44-85 

21-27 

15-55 

5.3-7.9 

4.1-5.3 

0.30-3.00 

0.30-2.80 

35-42 

31-40 

13-25 

8-12 

5- 6 

13-15 

0.3-1.3 

0.2-1.3 

1.4- 5.5 

1.8-11.7 

0.5-1.5 

0.5-5.5 

2.0-4.0 

2.3-3.0 

V 38-75 24-50 5.1-7.4 0.30-2.20 26-28 17-39 2- 9 0.1-0.5 0.4- 4.3 0.6-2.3 2.0-3.0 

V.H. 28-66 33-45 7.6-8.6 0.30-2.10 49-82 11-32 9-14 0.2-0.6 1.6- 9.5 0.5-0.7 5.0-6.5 

T. 40-55 42-56 6.5-7.2 0.70-3.20 95-105 21-25 25-32 0.3-0.7 0.1- 0.2 0.3-0.5 non det. 



PEDOGENIC PROCESSES
 

The vast majority of Vertisols in Venezuela are presumed to be derivedfrom Vertic Tropaquepts. These soils are 
 characteristically 
occupying
the backswamp deposits, associated with Ustropepts or lHaplustolls in leveepositions. Vertic Tropaquepts are clayey, 
poorly drained, dominated by
low chroma grey colors and yellow 
or brown mottles; with deep cracks, prismatic and blocky structures and some pressure faces; organic matter accumulates, in medium levels, but an irregular distribution of organic fatterwith depth and roots along the prism faces are common features. Generally,these soils are high in base saturation and in many case.s witih free carbonates. Water pending for several months during the rainy season is alsocommon; this drainage situat.ion linits or eliminates the possibility ofa forest and favors grasses adapted to lack of oxygen. Maintaining similarcharacteris t s to lhe ones mentioned above, many Vertisols evolve afterseveral cycles of sweling, shrinking, and some physical mixing. The mainevolution features ire: in increase in slickensides, the tilting of aggregates, and the toru.il ion o1 weigte-shaped structlural units.
to In area, subjectedponding and 'vli ,r sat urat ion, it is also common to f ind an increasein clay wit h depth, vnenera flIy on the order of 10-15'. and reaching i ts maximumin the ne i ghborhood of 5t0 cm depth. In those cases, it is common toa lowtr bse satItlrat ion il the Upper 

find 
half Mteter with an increase with depth.The low base satural ion call reach levels of about 504,, or a p11 in 1120 1:1of about five or less, while. the subsoils can be near 100% with f reecarbonates. The presumeod process could he Qerrolysis (Brinkman, 1978)which would account for th,. Ilwer clay ea)tetouts in (th upper soil, implyingclay dest rUt ion Untder it. sei acid condit ions and rvsynlv lsis in the subsoi l.Other procesetes I ike c lay i ] ] tivia ion, f ivoi'ed by retoiva I of ca rbonat es,cannot be waived. Th, acidiicat ion of toe uppetr soil could also be attri

buted to fvrrolysis.
 

Soils in which ponding alid water sat urat iott are not so 
 pronounced,general ly evolve toward Vc,it isols ottly by the 
 mixing process and development
of s ickensidis and t. iIt id aggregates, but ma int aining a high base sLiLusand rather uniform ulay distribut ion down he profile. Nev rIheless, itis common t.o a I I t i sol s to have some degree of leach ing wit h depth,most ly in It, f ot of r.a rhboitm v s or gypstlm icc 01im11 at ion in the subsoi I.This suggests that the mixing e fect is not enough to overcome a gene-altrend of dowtward movement irid lfa(:hing with water.
 

linra I t raiisfrttlmi ions htive nt 
 he n sufficientlv studied. Fromthe few mineralogicl studies (Elizalde and Comerma, 1982), it seets thatmost clay minerals, frem rtotmtt rillonit ic, vermiclit ic, mixed and kaoliniticfamiI ies, seem inerit tid I rom lhe parent mat erial s. The hest chances oftransformation would Ibe expected in tle ones acidif ied in Ihe upper so il,
but no such studies have been (arried out. 

The very few a rets of Vertisols acid tlhroughlut and consideredbe derived from tomarine or estuarine clays, seem to go tirt through anoxidation of sulfides, acidification, and afterwards, due to a large perct.of fine clays with a high component. of kaolinites, develop slickensides
and tilted structural units, qualif~'ing them for Vertisols.
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APPLICATION OF SOIL TAXONOMY
 

The application of Soil Taxonomy to Venezuelan Vertisols have always 
confronted some criticism. The most important one has been the deficient 
separation of poorly and better-drained Vertisols. In a study of this 
situation (Comerma eL a]., 1978; Comerma and Luque, 1982) it was found 
that Poll grouped quite well, poorly and very poorly drained ones, but 
Chrom grouped only about. half of better-drained ones; the other half corres
ponded to the same drainage classes grouped by Pell. This evidently unsatis
factory grouping was almost completely eliminated if, instead of chromas 
of less than 1.5 in the upper 30 cm, we used chromes of 2 or less in the 
upper 50 cm. These characteristics plus the presence (f aquic moisturean 

regime (defined on the basis of ponded water 
 for 3 or more months) have 
constituted the first 
 proposal (ICOMERT, 1981) for the re-establishment
 
of the suborder Aquert.
 

Another aspect has been the lack of recognition of acid or desaturated 
versus nonacid Vtrriso]s. From the reports of . Smith (1976) frem Venezuela 
as well as I rem Trinidad, this prohlem was recognized, and it was proposed 
to handle it as icid and nonacid families. If a better understanding and 
definitions are tnd for these acid Vertisols, probably a higher categorical 
level thin lie I ami Iy I o r thtle use of t0i is chia rac tvr i stic may be more useful, 
especidl]v for countties thit do mapping at sinai ler scales and are forced 
to use high or intermediate taxonomic levels 

Final ly, as in so many other orders, there is a pragmatic need to 
make a imert lp rvc ise division tf cl im tic regimes. Aridtc and udic subgroups

of Listert 
s have been proposed (Smith, 1976) to obtain groupings with a 
bettor in',rprvi at ivye pw.r r more specific crops and/or specific agripo 

cultural systr m ,
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TIlE VERTISOLS OF CHILE 

Walter Luzio L.
 

In the last few years, soil mapping in Chile has been closely associated 
the moment that Soil Taxonomywith soil classsification, p-irticularly from 

(Soil Survey Staff, 1975) was recognized as the official system of soil classi

fication for Chile. Consequently, we have at present suitable soil informa

tion on restricted areas wherre detailed soil surveys have been made through 

government or private agencies. In addition, diverse genetic studies have 

analyt ical data and also a useful interpretationprovided a large amount of 
of soil processes and classification. 

Chile occupies the southwest part- of South America from 18' to 56' South 

Lat:itude in the continental part.. With the available information, it. is pos

sible to obtain a broad subdivision of the country according to soil moisture 

regimes (Fig. 1). From 180 to 320 S. we have the aridic (extreme) moisture 

regime; from 320 t.t 38 0 , the xeric moisture regime; and from 38' to 410 the 

regimes art udiL and perudic. The areas with Vert. isois are located in the 

xeric moisture regime. However, they could also occur it zones that have 

not been surveyed. 

In the region with xeric soil moisture regime, the Vertisols are usually 

in the low sites of basins whiich are often poorly drained. Thelocated 

hydraulic conduct.ivit.y tI the soils is low to very low. In the northern part:
 

of the xeric moisture regime area (dry xeric) (Van Vambel'e and Luzio, 1982),
 

there exists a number of Vertisols with high levels of salinity and, in some
 

cases, with high levels of sodicity, considering the figures of exchangeable
 

sodium percentage.
 

MATERIALS AND METHODS
 

Soil survey reports and scientific papers were reviewed with the purpose 

of studying the main characteristics of the Vert.isols of Chile. 

RESULTS AND DISCUSSION
 

Geology and soils of the central part of Chile 

In the cent.ral part of the country, between 320 and 410 S. there are 

three well-def ined physiographic units: the Andean Mountains, the Central 
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Valley and the Coastal Kange or Ct rdillera, going from east to west. Doring
 

the middle Cretaceous, the deep tarine sediments were folded, resulting in
 

the main features of the relief. After that during the Terciary period, and
 

as a consequence of tectonism, the three physiographic unit:s differentiated 

int:o two mountain ranges, of north-south direction, and a Central Valley, 
which is considerpd a graben from a geological point of view. 

In the western part. of the Andeain Mountains there are volcanic rocks. 
mainly of the andesit ic type, with inclusion; of cont. iient:al sedimentary rocks 
and some lacustrinv deposit.;S from t he Upper Cret aceous (Fuenzal ida, 1958). 
Glacier and wat er erosion have produced deep and narrow valleys with steep 
slopes. Over 170( inaltitude, in areas with slopes of around 25%, the soils 
are shallow and gravelly with only an ochric epipedon as a diagnostic horizon. 
In the highest alti tude there are Cryort hents and in the lowest. a]Litude, 
near the Cent ralI Valley, Xerortlhonts. Also, some Ilistosols occur in the inter

mountain valleys. 

Towards the west., t.Ih Andean Mount-ains enter abruptly int.o the Cent.ral 
Valley, which is a tectonic depression. The crysLalIine metamorphic base 
is covered with deep layers of sediments that: nay reach a thickness of 500 
mi. They are ol volcanic, ailluvial and glacial origins, but, at: present, it 
i t h liuhtiha t elprin( ipal way of deposit ion is in the form of volcanic 
iml-I ows, widely known as lahars (Marangunic et al . , 1979). The result of 

:lis sllUl i'n i" Ihit thew surfice of the Central Valley has been permanently 
rejuvenat :. " 1hu , he stibility degree of the surfaces is very low and conse
quent Iv irt are ntot frequent, although some Xeralfs the. c illii lirizons in 
nort heril paI io it the sout.hern piit: of the Centraland ) Ino Xelut s Valley 

have witn d,!'l ribd. Ovhrep'.s, Ortbetls, Xeriil.Is, and some Xeralfs are t:he 
most reprise atlvi' soils if the area. 

Th ailt itude if I lit'CastaI Cordillera is lower than thnat of the Andean 
Mountains and occasioiinallv ixceeds 1000) i. This range is a granodioritic 
batholith whi(h is the prin: il parent. mat erial of reddish soils (5Y), with 
high , lay content ind very wel I-developed argil 1ic horizons. Xeralfs to the 
lrthvrn par (It Ift s phy;fiigraphic unit , and Xerults to the south ire the 

m Ist itp<)tI1[1anti )i I s. As a c(,itsequenc:e of ',rat.r erosion, there are gently 
undu laI nt ig t ,a • 

imeort~an tIflt ore; o t he Ve i soI s of Chile 

ify discussion, the 
crihed i,r t I( C. iat [part Chi I: and (Chile, 

In irder t 0 ,ilt[il 1I,1 t.wo Great Groups that are des
ral of Pel loxirerts Chromoxererts 


1977; Chilte, 19I ) will he individuai lly referred to.
 

Pelloxvrvrt !;
 

]'' does show any clear tendency withTIe CEC not 

depth; in silie profl eis there is only an increase in the subsoil and then 
a dicreasi' again in thito deepest horizons. Tihe figures go from 14.5 meq/lOO g 

in a horizon tritt Quella soil series (Chromic) (Table 1) to 86 meq/OO g 

in a horizii frim Qui;ihue soil serie; (Typic) (Table 1). The exchangeable 

complex i; dominated y bivalent cations, Ca being the most important:. 

Normally, the calcium satiiration exceeds 507.. 
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Table 
1. Properties of some 	Pelloxererts (Typic Xeric).
 

Soil Series Sub Group 	 Prof O.M. pH1 

(cm) M°o 


Alantaia Entic 	 0-16 3.8 6.4 

16-48 2.2 6.6 

48-76 2.2 6.2 

76-110 2.4 6.4 


Almahue Entic 
 0-16 5.4 7.4 

16-40 2.3 7.6 

40-120 1.2 7.6 


Polonla Typic 	 0-15 
 5.9 5.8 

15-56 2.2 6.7 

56-90 1.9 7.2 

90-100 1.6 7.2 


110-150 1.6 7.3 


Quiahue Typic 
 0-16 5.5 7.0 

16-37 2.4 7.4 

37-90 1.9 7.2 

90+ 0.3 7.9 


Quella(1) Chromic 	 0-8 1.7 5.9 


8-36 0.8 6.8 

36-45 0.7 6.8 

45-60 0.7 6.6 

60-68 0.5 6.6 

68-105 0.1 7.0 


Quella(2) ChromiL 
 0-6 2.0 5.7 

6-20 1.4 5.6 

20-50 0.8 5.9 

50-60 0.3 6.1 

60-75 0.3 7.1 

75-100 0.3 7.3 


St:a. Clara Typic 	 0-13 5.5 6.0 

13-25 1.6 6.0 

25-53 0.8 6.8 

53-85 0.4 7.5 


CEC E.C. ESP CaCO3

(meq/lO0g) (mmho/cm) 
 M 


35.4
 

44.7
 

45.3
 
53.7
 

46.2
 
45.2
 

43.2
 

46.4
 

46.7
 
61.6
 
60.8
 
55.6
 

72.0
 

86.0 
 nodules
 
75.9 
 nodules
 
61.9 	 petrocalcic
 

horizon

19.0
 

23.4
 
24.0
 
23.6
 
24.5
 

14.5
 

33.5
 

35.6
 
36.1
 

36.3
 
30.6
 
22.9
 

21.o
 

20.3
 
26.8
 
25.9
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Table 2. Properties of some Pelloxererts (Dry Xeric).
 

Soil Series Sub Group 


Chincolante Chromic 


La Vilana Typic 


Urraca Typic 


Table 3. Properties of 

Soil Series Sub Group 

Chicureo Palexerollic 


Peralillo Palexerollic 


Rungue Palexerollic 


Totoral PalexerolIic 


Batuco Palexerollic 


Prof O.M. pH CEC E.C. ESP CaCO3
 
(cm) (M) (meq/100g) (mho/cm) (%) (.) 

0-10 6.7 7.8 49.2 
 2.3 6 1.2
 
10-51 6.0 7.9 50.6 1.1 5 2.3
 
51-100 0.9 8.2 27.2 2.3 
 9 40.6
 

0-6 4.1 7.8 38.8 6.5 19 2.4
 
6-57 1.7 46.3
8.2 14.6 54 2.8
 

57-80 1.2 8.6 44.8 
 9.9 67 6.6 
80-120 1.2 8.8 40.6 6.1 78 8.7
 

0-26 4.5 7.8 35.7 2. 
 4.1 
26-60 3.4 7.5 68.6 2.9 0.2
 
60-82 2.9 7.7 63.0 2.7 
 3.1
 
82-85f 1.7 8.0 51.1 
 1.0 7.3
 

some Chronoxerer.s (Dry Xeric). 

Pro 0.M. pll CEC E.C. ESP CaC03 
(cr..) (M.) (ne(I/lOOg) (mnho/cm) (M) (%) 

0-25 1.9 23.7
7.4 0.4 0.0
 
25-70 1.6 7.8 33.8 0.5 0.0 
70-86 1.4 7.9 50.1 0.8 0.8 
86-102 1.0 8.1 47.8 1.0 1.1
 

102-120 0.3 8.4 45.6 
 0.8 2.3
 

0-8 7.9 7.6 55.1 23.0 1 0.0
 
8-36 4.5 51.1
7.4 15.8 20 0.0
 
36-90 1.7 7.6 46.4 8.8 23 
 0.0
 
90-12e 0.5 7.5 40.0 6.3 19 0.4 

0-15 4.5 40.7
7.0 0.4 0.1
 
15-43 2.1 7.7 48.2 0.3 0.1
 
43-66 1.2 8.1 50.3 0.4 
 0.1
 
66-98 0.9 8.2 47.1 o.4 
 0.7
 
98-120 0.5 8.1 43.2 0.6 2.9 

o-5 4.0 7.7 20.4 8.5 23 8.7
 
5-18 3.3 8.1 39.9 10.8 7 3.0
 

18-50 1.6 8.5 47.0 8.7 
 68 2.0
 
50-80 1.2 8.8 46.7 7.1 100 1.6
 

0-5 4.8 7.9 34.4 3.1 16 2.4
 
5-24 1.2 8.5 38.2 2.5 36 
 3.0
 

24-51 0.3 9.2 46.1 4.2 84 6.3
 
51-63 0.3 9.3 40.3 8.7 85 17.4
 
63-90 0.3 8.9 33.2 18.0 83 4.9
 
90-120 0.2 9.2 24.8 60
6.0 7.7
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Table 4. Properties of some Chromuxererts (Typic Xeric).
 

Soil Series Sub Group Prof 
(cm) 

O.M. 
(%) 

pit CEC E.C. 
(meq/lOOg)(mmho/cm) 

ESP 
(M) 

CaCO3 
(/) 

Colchagua Typic 0-19 
19-73 

4.9 
1.0 

6.3 
6.4 

41.6 
39.7 

73-106 0.5 7.9 47.0 

106-125 0.6 8.2 57.8 nodules 

Huique Typic 0-20 
20-79 

2.4 
1.2 

6.5 
7.4 

40.6 
52.4 nodules 

79-105 0.3 8.0 64.2 nodules 

105-115 0.2 8.0 61.8 

115+ 0.2 8.0 62.6 

Lihueimo Typic 0-15 4.4 6.8 35.0 

15-46 1.1 7.1 39.4 

46-87 0.7 7.5 43.4 

87+ 0.0 7.1 14.2 

Los Cardos Typic 0-26 1.9 6.8 41.5 

26-64 1.1 6.7 38.0 

64-98 0.8 7.0 38.5 

98+ 0.2 7.0 32.4 

Pupilla Typic 0-15 
15-55 

2.5 
0.6 

6.2 
7.4 

28.0 
36.0 

55-90 0.3 7.8 74.4 nodules 

90+ 0.1 7.8 51.8 
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The average value of the 
pH for all the soils from the 
Typic Xeric is
7.2, and the extreme values 
are 5.8 and 7.9. In some profiles, calcium carbonato nodules were described but they are not 
considered as concentrations of
 
significance (Table 4).
 

The. average value of 
the pH for the soils of 
the Dry Xeric sector
8.1 and the range is 
is


7.4 to 9.2. Some of these 
soils niay reach a calcium
carbonate content 
of about of 17%. Three soil series of the Dry Xeric
classified into the Palexerollic subgroup 
area
 

show high exchangeable sodium percentages and they are 
considered as saline-alkaline soils (Table 3).
 

CONCLUSIONS
 

There have been in Chile 
some difficulties in classifying the Vertisols
of 
the Dry Xeric moisture regime, particularly those 
soils that show salinity
and sodicity. We consider 
that both of these conditions are of 
the greatest
importance for 
land use and soil management. Consequently, considering that
th!ee properties 
have not been considered in Soil Taxonomy, we suggest the
definitions of 
a saline and/or alkaline subgroup at least for Xererts.
 

SUMMARY
 

In order to characterize 
the Vertisols of 
Chile, soil survey reports
and a number of scientific papers were reviewed.
 

Exchangeable complex, 
organic matter content, and salinity 
and sodicity
were the soil properties taken 
into account. Only Pelloxererts and Chromoxererts are described for the central part of Chile. 
 No differences were
detected among them in exchangeable complex and organic matter content.
 

On the contrary, salinity and sodicity 
appear closely associated mostly
with soil moisture regimes. 
 Thus, several Pelloxererts and Chromoxererts
from the Dry Xeric area, bordering the aridic, 
show high electrical conductivity and high exchangeable sodium 
percentages. Neither 
Pelloxererts nor
Chromoxererts show salinit, and sodicity in the Typic Xeric moisture regime 
area.
 

A definition of a saline and/or alkaline subgroup, at least for Xererts,is suggested, considering the importance of both properties for land 
use and
 
soil management.
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VERTISOLS OF AUSTRALIA
 

J.W. McCarity
 

ABSrRACT
 

Soils that qualify as Vertisols are widespread in Australia and include 

members of the black earth, wiesenboden, grey, brown and red clays, prairie, 

rendzina, humic gley and chocolate soils Australian great soil groups. The 

most nearly approximate the Vertisolcracking clays (Ug) of "A Factual Key" 


order.
 

The properties that are used as differentiae at high categorical level 

in these classifications are morphological and, apart from texture, include 

color, soil structure, presence or absence of carbonates, pit reaction trend. 

and depth. Horizon arrangement of Vertisols is difficult to describe as 

genetic designations ire inconsistent. New terms appear to be needed Lo des

cribe horizons. Chemical and physical characteristics that are related to 
mineralogy, and plant-availabledifferences between soils include ESP, clay 

water.
 

The use of the enlarged pedon concept for gilgai microrelief tends t:o 

conceal the diversity in physical, chemical, and biological properties that 

are importanL in management:. Areas where Soil Taxonomy needs further examina

tion for Aust ralian conditions are discussed.
 

INTRODUCTION
 

Vertisols are widespread in Australia; the total area of these and
 

related soils ha; been variously estimated at: 108 million hectares (Dudal, 

1965) and 48 million hectares (olubble, 1981). The discrepancy in the calcu

lated area arises from uncertainty as to which great: soil groups qualify as 

Vertisols. The wide range of properties of soils with vertisolic character

istics reflects variation in parent materials and the different climatic and 

geomorphic: actors of many regions in which they occur (Fig. 1). 

In this paper, the propert:ies of Australian Vertisols which have major
 

significance in classification and management are outlined.
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CARNCAIRNS 

All 

- BLACK EARTHS (I7 4RT 

Figure 1. Major areas of Vertisols. (Adapted from "A Soil Map of Australia"
 
in Stace et al., 1968.)
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THE CLASSIFICATION OF AUSTRALIAN VERTISOLS 

The term "Vertisol" as a grouping for cracking clays is not. currently 

in common use in Australia because Soil Taxonomy has yet to gain general 

acceptance. Two schemes--the national Australian Great Soil Group Classifica

tion (Stace et al., 1968) and A Factual Key (Northcote, 1971)--require and 

report only some of the diferentiating criteria that are needed to classify 

soils within Soil Taxonomy (Soil Survey Staff, 1975). Both classifications 

rely heavily on morphological properties observed and measured in the field, 

and Iittle or no direct weight. is given to quantitative characteristics deter

mined in the laboratory. (See Butler, 1980.) 

The great soil groups thar are considered to qualify as Vertisols are 

listed in Table I. Descriptive names derived from A Factual Key are included. 

The most relevant characteristics of those great soil groups that qualify 

as Vertisols and vertisolic inlergrades are abbreviated from the group desc ip

tions in "A Handbook ot Australian Soils" (Stace et al., 1968). 

Black earths 

Weakly dilferentiat ed, shallow to deep uniform dark alkaline clays (50-. 

80% clay), wit-h closely spaced wide, deep cracks and a self-mulching surface. 

hard, dry, and very plastic and sticky, wet. Structure isConsistence is 
the main differentiating Qeat/ure in the upper solum, and increases in coarse

ness with depth, passing into increasing sl ickensides and related structures 

associated with slip faces. 

Grey, brown, and red clays 

Weakly hrizonated, deep cracking soils of unitorm high clay content 
may be alkaline or acid(50-80), uniform color which fades with depL.h and 

acid at depth. Apart- from color and text:ure,throughout or alkaline over 
varying from selfstructure diiferen:iat itn is t:he most striking feature, 

to lenticular and slickenmulching to platy and massive surface horizons 

sided subso Is. The range of properties is too wide for one group. Pro

perties othte r Iban c olor seem more important as diffe rentiae. 

Wiesenboden 

Dark, uniform-t:extured clays with mottling and concretionary iron. These 

are most.y hydroinorphic I lik tarths but include noncalcareous members that 

are more closely related ito prairie soils. 

Rendzinas
 

Fint-textured members are virLually indist:inguishable from shallow black 

earths. 
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Table 1. Vertisolic Great Soil 
Groups with Factual Key and FAO equivalents. 

NORTtICOTE KEY 
Great Soil Group a
Descriptive name Factual Designation World Soil Map
 

Black earths Black self-mulching Ug 5.12,.13,.04,.15, 
 Pellic vertisol
 
cracking clays .16
 

Black structured Gn 3.43, 
.46 Luxic phaeozem
 
earths with smooth
 
pod
 

Grey, brown, and 
 Grey, brown, and red Ug 5.22,.23,.24,.25, Chromic vertired clays self-mulching 
 .26,.27 
 sol 
clays 
 Ug 5.32,.33,.34,.35,
 

.37, .38, .39
 
Ug 5.5 

Rendzinas 
 Black self-mulching Ug 5.11 
 Pellic verLisol
 
clays
 

Wiesenboden 
 Black self-mulching Ug 5.16, Ug 5.4 
 Pellic vertisol
 
and massive clays
 

No suitable Black and grey 
 Ug 5.17, Ug 5.4 
 Pellic vertisol
 group 
 massive clays, 
 Ug 5.5 
 Chromic verti
underlain by 
 sol 
buried soils
 

Chocolate 
 Non-cracking 
 Uf 6.32 
friable clay (Ug 6.1) Phaeozems 
with smooth 
ped fabric 

Prairie 
 Non-cracking 
 Uf 6.1 Kastanozems
 
friable clays 
 Um 6.3 
 Phaeozems 
and Ioams with (Ug 5.1) 
smooth peds 

Humic gley Non-cracking dense Uf 6.4 
 tlumic gleysol
 
pedal and plastic Uf 6.6 
clays 
 (Ug 5.2)
 

aCompiled from Northcot-e el. al., 1975. 
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THE PROPERTIES OF CRACKING CLAYS 

The comparative abundance 
of data in surveys describing the morphology
of the Australian equivalents of Vertisols is unmatched by quantitative data
 on chemical, mineralogical, and physical charact.eristics. Many diagnostic
properties, e.g. COLE, are lacking in these reports, which hampers their use
for classifying these soils according to SoilTaxonomy. 

Table 2. Schematic differentiat.ion of Ug 5 cracking clays. 

Texture - Uniform fine clay textural class - U (Primary profile form) 

Structure 
 - Cracking soasonal or periodical - Ug (Subdivision) 

Organizat ion
 
[- Sporadic bleached A2 - Ug 3] 

- Predominantly .moot h-faced peds - Ug 5 (Section) 

[- Predominantly rough-faced peds - Ug 6] 

Structure All
 
- Self-mulchin g, granular, blocky - Ug 5a (Subsection) 

- Massive or coarse - Ug 5b 

Color :hori zoo
 
below All
 

- Dark; grey; brown 
 - Ug 5.1:5.2:5.3 (Class) 

Color, depth t-o I), 1), buried soil: (Principle profile form)
 
subsoi 1-subsol um
 

- Dark 
 - Ug 5.11 tlhru 5.17 

- Grey - Ug 5.21 thru 5.25 

- Yellow-grey - Uig 5.26 1.hiru 5.29 

- Brown - Ug 5.31 thru 5.35 

- Red - Ug 5.36 thru 5.39 

Colorhori zon 
belIow All 

- Dark; grey; brown - Ug 5.4:D.5:5.6 (Class) 
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(Stirk, 1963). Experience from irrigated soils suggests that 
surtaco cracking

is not necessarily a good for
crite-ion estimating water balance 
or avail
ability of water.
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Figure 3. pH variation in alkaline/acid grey clay. (After Tucker, 1981.)
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Table 3. Chemical characcoristics of vertisolic great soil groups.
 

Black eartha Grey, brown, red clay
 
Property
 

Surface Subsurface Surface Subsurface
 

range trend range trend
 

pH 6.0- 8.0 increasing 5.8- 9.0 i"cteawlng
 

Sol. salt. % 0.5- 1.0 increasing 0- 0.45 increasing
 

Free CaCO 3 o.0- 3.2 increasing 0- 1.5 increasing
 

Organic matter % 5.5-18.0 decreasing 0.2- 7.0 decreasing
 

Na me/lOOg 0.4- 1.1 increasing 0.2- 1.8 increa'tng
 

K me/1Og 1.5- 2.7 decreasing 0.4- 3.6 decreasing
 

Ca me/lOOg 15.0-40.0 decreasing 5.0-38.0 increasing
 

Mg me/lOOg 11.0-15.0 increasing 5.0-20.0 increasing
 

NaHCO 3 -p (ppm) 10.0-25.0 decreasing 2.0-200.0 decreasing
 

Total S% 0.7- 0.7 steady 0.01-0.18 steady
 

Source: 	 Profiles described in Stace et al. (1968), modified from Williams
 
and Colwell (1977).
 

aBlack earth - 3 profiles; grey, brown and red clay. - 12 profiles.
 

GENETIC CONSIDERATIONS
 

Horizon designation
 

Published descriptions of pedons show that the standard genetic designa

tions (A, AC, C, A(B)C) are inconsistently applied to the horizons of 

Vertisols despite guidelines proposed by FAO (Dudal, 1965). This is not 

surprising as the mass transfcr of surface material (All) to depth and move

ment of deep subsoil (C) to the 5urrace differs entirely Irom the concepts 

inherent in the original nomenclature. The problem of designation is com

pounded in gilgaied soils where lateral continuity is disrupted as shown many 
years ago (Fig. 4; Prescott, 1931). 
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B, BB, B2" 

15 20 1-1 

A-Eluia horhzoz = 10411y clay.
Bi-Illuvial borizon = Ihuavy clay.Nl-llluvial horizon =HgIS8-iliuviul hti-itoui = 

habvy clay wit), iodular ealvium c*.rMUIitiw.Imay ci.,ollhc.,l*illioh ti,ig'r 
 , ,. Ull 
C-It ljjiotr,1 ji cre'ggt a 1h1vjuag. 

Figure 4. Section across gilgai formation near

Griffith, N.S.W. 
(Prescott, 1931.)
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THE VERTISOLS OF THAILAND 

Pisoot Vijarnsorn
 

ABSTRACT
 

Due to the unique regional environment under a Tropical Savannah climate,
 
the Thai Vertisols occupy only about 336,500 hectares throughout the country.
 
They are developed from transported materials mostly originating from lime
stone, marl, basalt, and andesite. A dark color, wide and deep cracks in
 
the dry season, and a Iiigh smectite content are the most common properties 
of the Thai Vertisols. They contain a high content of organic carbon in 
the surface horizon, high CEC, high available potassium but low available 
phosphorus. Scil pl ranges from 5.5 to 8.0, normally becomes more basic 
with depth. 

Only four great groups of Vertisols, namely Chromuderts, Pelluderts, 
Chromusterts, and Pellusterts have been recognized in Thailand. However, 
some problems in the classification of these soils using Soil Taxonomy have 
been encountered and some proposals for changes are discussed and included 
in the text. 

Thai Vertisols have been exclusively used for intensive cultivation 
of paddy (wetland) rice and some upland crops, namely maize, cotton, mung 
bean, banana, and fruit trees. Nevertheless, problems in their uses have 
been encountered due to the unfavorable conditions from soils that are either 
too wet or too dry to cultivate, waterlogged for long periods of time or 
suffer the risk of a water shortage during the dry spells. 

INTRODUCTION 

Due to the unique morphological characteristics and high shrink/swell 
potential of Vert-isols, these soils have become the epicenter of pedological 
and edaphological interes t Ior the soil scientists. These soils have been 
called the "Black Earth" soils by the Thai farmers and were first mapped 
as the Lopburi Clay and Chaibad:n Clay by Pendleton and Montrakun in 1960. 
Later on, thlese soils were grouped and placed in the great soil group "Crumu
sols" when the soil classificat ion system outlined by l)udal and Moormann 
(1964) was used as a basis for classification by the Soil Survey Division. 
In recent. years most of these soils have been considered to be in the order 
Verl isols, according to the USDA Soil Taxonomy system which at present 
has been appl fed in Ilieu oi the old classification system in Thailand. 
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The Thai Vertisols, although occurring to a small 
extent throughout
the country, are one of 
the most important soils that have 
been used exclusively for crop production. At the same time, 
not much work has been done
in Thailand to understand all aspects of their 
behavior, characteristics
and potential land uses. Nevertheless, during the previous field mappings
and soil samplings for routine 
analysis, particularly during the detailed
reconnaissance surveys, there 
 has been enough data available for their
recognition. Therefore, this 
paper attempts to highlight the distribution,
characteristics, classification, and utilization of the Vertisols occurring
in Thailand.
 

REGIONAL CHARACTERISTICS
 

Vertisols mostly 
occur in the central plains, central highlands and,
to a lesser extent, in the northeastern plateau, extending from 140 30'to 170 00' N latitude and 10000, to 105100' E longitude (see Fig. 1).
They cover an 
area of about 336,500 
hertares which constitutes roughly
3.65% of the total geographical area of the country. Such a small arealdistribution of these 
soils is due to 
a unique regional environment resulting
from the combination of soil-forming factors as 
follows:
 

Climate
 

The climate governing the formation of the Thai Vertisols is essentiallya monsoon climate type or the so-called Tropical Savannah (Koppen "Aw").The overall climate in the 
Vertisols region experiences a pronouncced dry
season with mean annual rainfall ranging from 1,089 to 1,592 mm. The rainyseason usually begins 
in May and ends in October. The temperature in this
region shows slight variation within the seasons. In general, April

the hottest month (280C - 3200) and 

is
 
the coldest month (230C - 250C) is 

December.
 

According to the field observations, it is apparent that 
the monsoontype climate with alternative dry and weL periods is favorable to the formation of the Thai Vertisols. Therefore, tese soils have never been foundto occur 
in the areas ha-ing high and ,Jell-distributed rainfall such as
the southeastern coast and peninst'l::r Thailaind. 

Parent material
 

The Thai Vertisols mostly originate from soil materials 
containing
a dominance of smectite 
in the clay fraction. Most commonly, these materials
 are associated with marl Pnd limestone-derived alluvium and to a lesserextent, from basalt and andesite. In the central plain, where Thai Vertisols
mostly occur, marl and limestone play an important role in the formationof Vertisols. If there is marl underneath, the soil depth may be variable 
from moderately deep to very deep.
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Relief and topography
 

Vertisols 
 in the central plain occur at altitudes ranging from25 m above msl, whereas 5 to60-100 m and 150-180 m is normalhighlands and in the centralin the northeastern 
region respectively.
soils In general, these
are found on various micro-landform 
units including 
both depositional
and erosional. 
 For the depositional 
facies, particularlyplain, most of in the centralthem occur on flat 
or nearly flat topography and
areas in depressed
adjacent to 
 the deltaic plains 
 in the northeistern margin.
also are confined in some They 
plains of river 

valley floors, intervening basins or the floodsystems in 
other regions. For 
on erosional the Vertisols developed
features, especially in tropical 
Karst topography 
and pediments,
the soilscapo becomes more 
pronouncced (undulating).
 

Vegetation
 

Most of the Vertisols in 

The normal crop husbandry on 

Thailand have been utilized for crop production. 
which 

the flat lands consists mainly of paddy rice,can produce two crops a year if the land is irrigated.land, the most common crops being grown 
On the dry

include cotton,
nuts. Fruit maize, and groundtrees like banana, papaya, mango, and custard apple are alsocommonly grown on these soils.
 

MAJOR SOIL CHARACTERISTICS
 

Morphology
 

Morphology 
 is the most attractive charact-oristicthe Thai Vertisols used for identifyingin the field. Once 
 the 1 surveyor observes
having a soilsdark color, wide and deep cracks,classify the soil 
and very heavy clay, they wouldas a Vertisol. In addition, thesedegree of soils exhibit a highuniformity throughout 
 the profile. 
 Thus only A horizons
C horizons and
are characterized. However, 
in many cases, particularly
the paddy soils, presence of for

brownish and reddish mottles in the subsoilmay cause problems in horizon identification.
 

As shown in Table 1, most- of the 
 Thai Vertsolsfrom have chromas rangingI to 2 in 10 YR hues. Mott:les, if occurring,in the soils used are generally foundfor growing paddy rice; the quantity of these mottlescommonly decreases with depth. Soil structure of thein general are surface horizonsweak to moderate, fine to medium subangular blockywhile or granular,in the suboi l, the st ructure hecomes less dominant andto massive. convertsThe most- Common properties found t occur
the subsoil are slickensides in most parts of
 or pressure faces and wedge-shaped aggregates. 

Due to plowing or puddling o these soils for ricerelief or microrelief c ulLivali l, gilgaion the surface is seldom observed. howevor,doned in abanlands gilgai relieIs are found to be common(30-60 cm but , hiteltivoly smallwide by 30 cm deep). In dry conditions, tLAWcs'il.,; crack deeplybut these rracks will close when the soils become wet, either due t-o rainwater or irrigation water.
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Table 1. Range in characteristics of Thai Vertisols. 

Width of 
Horizon Moist color Texture Structure Slickenside crackin (c Mottles Other features Land Use 

Chremuderts 
Ap IC YR 4-3/1 C I f to m sbk 

or gr 
- 2-8 c= onfine 

brownish 
mottles 

-

Paddy rice 
(flooded 

C 7.5 YR-1O YR C 1-2 r to c sbk-bk about 4-5 

4-5/2 (1) or massive distinct 1-2 1. to common 
brownish and 

months/year) 

Pe 11udert s reddish nottles 

Ap 10 YR 2-3/1 C 1-2f to m sbk-gr - 2-10 common to many 
fine brownish manganese, 
or yellowish iron/manganese 
mottles and lime con- Paddy rice 

cretions are (flooded 

C 10 YR 2-4/-(2) C I m-c sbk-bk or 
massive distinct 1-3 common to many 

common below 
80 cm 

about 5-6 
months/year) 

fine brownish 
and yellowish 
mottles 

Chromusterts 
Ap or 
A1 

10 YR 2-3/2 C, SiC, CL 1-2 f sbk-gr - 1-5 
lime concretions 
increase in 

Upland 
crops, tree 

C 2.5 Y, 10 YR, 
7.5 YR 3-1/2-6 C I n-c sbk-bk distinct 1-2 -

quantity with 
depth 

crops and 
Dipterocarps 

Pellusterts 
Ap IOYR 2-3/1-2 C, CL, 

SiCL, SiC 
1-2 m-c sbk-gr - 2-10 common fine to 

medium brownish 
mottles present iron con-

Paddy rice, 
upland crops 

if used for cretion and and tree 
growing paddy lime con- crops (if 
rice cretion are being used 

C0 YR 2-4/1(2) C 1- n-c ok to 
massive 

distinct 1-2 -subsoil 
common in for paddy

rice, sol! 
has been 

flooded for 
4-5 months/yr) 
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Table 2. Major physical and chemical properties of Thai Vertisols. 

Horizon Particle size Organic CEC Sum pH 

distribution Carbon (me/lOO g bases (1 1H20) 
san soil) (me/l0 g 

sand silt clay soil) 

P 
Bray 2 
(ppm) 

K 
(NH4 OAc) 
(ppm) 

Mineralogy of the clay 
fraction 
(2-0.2) 

Chromuderts 

Ap 

C 

6-23 

3.17 

25-43 

18-28 

50-67 

60-79 

0.7-1.6 

0.4-0.6 

23-40 

27-41 

31-36 

36-44 

5.0-5.3 

5.0-5.6 

2.6-4.4 

1.9-3.4 

56-159 

79- 99 

Mixed vermiculite mont
morillonite, illite 
and kaolinite 

Pelluderts 

Ap 

C 

2-13 

1-2 

12-50 

2-46 

39-84 

51-96 

1.1-2.7 

0.2-0.5 

29-53 

34-53 

20-45 

31-50 

5.1-5.8 

5.8-8.0 

2.5-13.6 

1-10 

56-188 

49-122 

Mainly montmorillonite 
with some kaolinite 

vermiculite and illte 

Chromusterts 

Al or 
Ap 

C 

9-26 

3-18 

38-47 

10-28 

39-70 

53-85 

1.1-3.1 

0.2-0.8 

31-52 

35-65 

29-40 

22-60 

5.4-7.2 

5.5-8.0 

3-12 

2- 8 

154-263 

81-213 

Mainly montmorillonite 
with some kaolinite 

and illite 

Pellusterts 

Ap 

C 

2-33 

2-26 

11-46 

11-44 

34-84 

44-87 

1.2-4.8 

0.4-2.6 

22-82 

30-82 

31-82 

30-7, 

5.5-8.1 

6.0-8.4 

3-30 

3-31 

80-247 

54-150 

Mainly montmorillonite 
with some kaolinite 



1OL CLASSIFICATION
 

According to Pendleton and Montrakun (1960), the dark gray or black clays
in Thailand were 
called either Lopburi clay or Chaibadan clay, which later
 on were placed into Grumusols (Dudal and Moormann, 1964). However, as more

data became available and the USDA Soil Taxonomy 
system was adopted, most
of those soils were classified as Vertiols. present, soils
At these are
placed into the 
subgroups Aquentic Chromuderts, Entic Pelluderts,Typic Pellu
derts and Udic Pellusterts. However, the Pellustert-, and Pelluderts appear
 
to occur quite extensively.
 

Problems 
concerning the classification
 

There have been some problems in the application of the USDA Soil
Taxonomy system for classification of the dark gray or black soils of Thailand
into the order Vertisols, particularly problems concerned with the field iden
tification of tlese soils. 
These problems can b! summarized as fillows:
 

I. 1derts or Usterts? When these soils are use( 
for growLng dry-lard
crops 
or are found to occr on unCulatiig tertain, 
most of them could be
placed into Usterts without 
serions problems. 
 But when they occur on lowlands

and are being used 
for growing paddy rice (wetland rice), 
there can be classification 
problems. The great proportion of Thai_ Vertisol3 
are found on a
flat to slightly depressed topography which 
is ideal for wetland riC. With
bunding, together with receiving water from rainfall, 
from overflows, or from

irrigation, these 
soils will usually be flooded in the rainy season, at least
for three months a year. In this case, 
periods of cracking are relatively

variable depending upon soil moisture, water
the regime, anu climate. The
 same kind of soils at the 
same place may be .lzssified into Usterts, Uderts,

or the udic subgroup of Usterts (cracks 
remain open 90-150 cumulative days).
Even more soils once classified as Usterts cz.n be 
 changed co Uderts if
irrigated for most the for
of year the purpose of growing a second rice crop.

According to Soil Taxonomy (1975), 
ore af the attributes desired is, "The differentiae should 
keep an undistributed soi.l its
and cultivated er otherwise

man-modified equivalents in 
the same taxon insofar as possible."
 

Thus, 
by using the period of cracking as well as width and depth of
cracking as a single differentiation (especially 
in Zhe suborder and subgroup
level) is not quite appropriate because: 
 (I) this property can be easily

changed by ordinary cultivation management, 
;,nd (2) cracking can be observed

in the field if the period of investigation is suitable, i.e. the soil is
 
dry enough.
 

2. Chronn4dorts or Pelluderts? Chrornsterts or Pellusterts:' The criterionbeing used to distinguish "Chromu" from "Pellu" great groups is that the
"Chromu" must have a chroma, moist of 1.5 or more 
dominant in the matrix of
 some subhorizon in the upper 30 cm 
in more than half of each pedon. In addition, the great group "Chromu" seems to be better drained and occurs on higher

topography.
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According to our observations and data collected on 36 profiles of Verti

sols that occur on the low-lying topography (slope less than 1%) which is 

normally flooded in the rainy season and exclusively used for growing wetland 

rice or paddy rice, it appears the color of the soil matrix in Lhe upper 30 

cm of subhorizons have the chromas ranging from I to 2 of 10 YR hue. Thus, 

when one measures the soil color, the color of 10 YR 2/1, 2/2, 3/1, 3/2, or 

even 4/1 and 4/2 can be included in the normal error of measurement. So what 

is "Chromu" or "Pellu"? 

However, it should be noted that the Vertisols occurring on undulating 

terrain, which have been named the "Wang Chomphu" series, appear to fit very 
well in the great group Chromusterts because they have the chrorras ranging 
from 3 to 6. 

3. Vertic subgroups or Vertisols? To distinguish the clayey soils of
 

Vertic subgroups from the Vertisols. Vertisols must have gilgai, slickensides 

close enough to intersect, and wedge-shaped peds. However, for the soils 

thag are mainly on the back swamps of floodplains or on the aepressions and 

contain a high clay content, crackiihg and slickensides are commonly observed. 

Gilgi relief is never developed, or if developed, can be destroyed by pud

dling. It is not a problem for identification of the slickensides or wedge

shaped peds but of the cracks themselves. The depth and width of cracks can
 

be variable depending upon moisture conditions. Therefore, it As not prac

tical to use cracking as an essential property to separate Vertic subgroups
 

from Vertisols.
 

Proposal for modification of the classification
 

In order to classify the problems as previously discussed, we would like
 

a modification for the Vertisols as follows:
 

I. Although cracking is the common property for Vertisols, we feel that
 

the duration of cracking is less important because it is variable, depending
 

upon soil moisture, water regime, and type of land use. Therefore, instead
 

'f using duration of open cracks alone to place soils in Usterts or Uderts
 

(if the soil is not flooding for a significant peric'l of time), it may be
 

appropriate if we add the moisture regime as another choice.
 

For example (Soil Taxonomy, 1975, page 377):
 

DC. Other Vertisols that have either or boLh of the following
 

characteristics:
 

. ave cracks that open and close one or more times during the 

year in most years, but retrain open for as many as 90 cumulative days 

in most years. 

2. Have an ustic moisture regime Usterts
 

DD. Other Vertisols Uderts
 

For the soils being flooded either by impounded water, overflows or
 

irrigation for a significant part of the year (i.e. more than three months)
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it can be placed 
into the Antraquic subgroup. We feel that 
the flooded
Vertisols seldom qualify for 
the aquic moisture regime because most of the
water covering 
 -" surface is impounded wa;ter, seldom fed by groundwater

(Fig. 2). Fowever, 
if these soils have fulfilled the requirement for an aquic

moisture regime, a suborder Aquerts may be 
introduced.
 

MUISTLRE CONTEPfI (&N OF W TER)
3.00-
2.W
 

2.50 - _ _ _ _ 

0.0'
0" lMMOSTRE MMO
"01 1ICLAYER ~dy.cal
 |s 


10 km~d SURFACE CONO(TiOW d 

4.020 dr
 

1.00
3.00 IiJ, IIi J M l , llld,.ih, 

a 0 N 0 J F AM M J J A 
1154 

RAINFALL
 

Fig. 2 SO moisture and auxiliary data of a Vartilck being used for paddy rice 
2. The chroma to distinguish 
the great group "Chromu" from "Pellu"


should have a chroma, moist of 
more than 2, dominant in the matrix of some
horizon in the upper 30 cm in 
more than half of each pedon.
 

3. To distinguish the vertic 
subgroup from Vertisols, the vertic subgroup should not have cracks as wide and deep 
as the Vertisols. However,

cracks should be at least 30 cm deep in some parts at 
some time in most years.
The other two requirements for 
vertic subgroup (i.e. Cole 
value and percent

clay) still remain the same.
 

VERTISOLS IN RELATION TO LAND USE
 

Although Vertisols have 
posed various management problems 
if they remain
under continuous 
utiliz 'tion (Kanwar, 1982; 
Finch and Venkates.,arlu, 1982;
Virmani et al, 1982; Dudal and 
Moormann, 1966; Moormann 
and Breeman, 1978),

most 
of the Thai Vertisols have been exclusively used for intensive cultivation. The following are the major land 
uses of Vertisols in Thailand:
 

Paddy (wetland) rice
 

Since most of 
the Thai Vertisols occur 
on flat to slightly depressed
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topography with slopes generally not exceeding 1%, these soils have been exclu
sively used for paddy (wetland) rice. Retention or ponding of water in the
 
paddy field is the result of bunding. In the central plain more than half
 
of the Vertisols are under irrigation projects, whereas in the other areas,
 
water is mostly supplied from overflow and/or precipitation.
 

Transplanted rice is the most common. The rice variety is locally
 
variable; it may be the native variety or the hybrid ones which are modified
 
from IRRI varieties. However, for the irrigated areas, the first rice crop
 
in the rainy season (August-January) appears to be the native variety; the
 

hybrid variety is grown as the second crop. Yields of paddy rice growing
 
on various subgroups of Vertisols and other paddy soils are shown in Table
 
3.
 

Table 3. Rice yield of some Thai Vertisols and other related paddy soils.
 

Subgroup
 
(particle size Average rice yield (kg/ha)
 
class = clayey) (under normal management) Remarks
 

Aquentic Chromuderts 2,681 - 3,706 irrigated
 

Entic Pelluderts 2,775 - 3,487 irrigated
 

Typic Pelluderts 2,906 - 3,418 irrigated
 

Typic Pellusterts 2,550 - 2,962 irrigated
 

Vertic Tropaquepts 2,710 - 3,581 irrigated
 

Typic Tropaquepts 2,593 - 3,156 irrigated
 

Typic Tropaqualfs 2,443 - 3,312 irrigated
 

Yields of rice growing on the Vertisols range from 2,559 to 3,706 kg/ha,
 
which is considered relatively productive. However, it should be noted that
 
the Pellusterts seem to produce lower y.elds than the others.
 

The management problems of these soils for rice cultivation include the
 
following:
 

Difficulti!s in cultivation and seed-bed preparatioi. As the general rule, 
the workability of the Vertisols is often unfavorable, resulting from soils 
that. are eithe- Loo wet or too dry. therefore, optimum moisture conditions 
for cultivation is required. According to field experence, once the rainy 

season sets in -nd the surface soil has been wetted for some period, plowing 
by tractor is eunerally possible. But for hand cultivation, the soil will 
be plowed after several inches of water covers the soil surface. In the case 
of second crops, plowing is unnecessary and impractical; the farmers only 
puddle the soils under wet conditions and then transplant. 
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Risk of water shortage. A great proportion of Vertisols are pluvial
or 
marginal phreatic rice land (Moormann and Breemen, 1978). Where 
rice
plants are mostly fed by rainwater, once a dry spell occurs 
and cracks open,
in order to rewet the 
surface again, it takes not only time but also consider
able amounts of rainwater. Therefore, 
under rainfed conditions rice yield

is largely dependent upon climatic conditions.
 

Upland crops
 

The most common upland crops grown on Thai Vertisols are maize, cotton,
banana, mung bean, and sorghum. Around farm houses 
in villages, tropical
fruit trees such as coconut, mango, custard anple, and citrus 
fruit are also
 
grown. Most 
of these crops are found to 
be cultivated on the Pellusterts
 
pr Chromusterts occurring on 
gently sloping terrain. Most crop yield data

have not been available except for maize. 
 Field trials conducted by the Land

Classification Division 
(1976) showed that the average yield of maize ranged

from 2,518 to 3,218 kg/ha under rainfed conditions and ordinary practices.

Thus, the present system of management for growing maize on 
the Thai Vertisols
 
seems to give satisfactory 
results and can compare favorably with the average
yield of 3,197 kg/ha obtained under improved technology at ICRISAT in India
 
(Kanwar et al., 1982).
 

Maize, mung bean, and sorghum are also grown as second crops after

harvesting of wetland rice. However, sowing of these crops must be made at
the right moisture status, i.e. neither too wet nor 
too dry. Droughtiness

can also be problematic because of this post-rainy season sowing.
 

Problems concerning the use 
of these soils for cultivation of upland
crops are also the same as elsewhere, 
but for the Thai Vertisols, the most

se-rious management problems are waterlogging when it rains and moisture 
stress
 
when there is a drought.
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VERTISOLS AND ASSOCIATED SOILS OF INDIA -


DISTRIBUTION, MORPHOLOGY, CHEMISTRY, AND TAXONOMY
 

R.S. Murthy, J.C. Bhattacharjee, and R.J. Landey
 

ABSTRACT
 

Vertisols and associated soils occurring in the Peninsular India between 
N latitudes 80451 and 260O', and E longitudes 68001 and 83045' comprise 72.9 
million ha, constituting nearly 22.2% of the total geographical area of the 
country. They have specific environmental characteristics, potential use, 
smectite mineralogy, a high coefficient of expansion and contraction sett'ng 
up a steady churning process within the pedon, resulting in a process of 
vertical mixing and developing special features uncommon to other soils. 
The morphological characteristics of color, texture, structure, horizon 
boundary, microrelief and pedon characteristics are described. Distribution 
of clay content, organic carbon, and bulk density have certain definiue 
trends. The plasma separation and illuviation of clay, the drainage character
istics of Chromusterts and Pellusterts and the aquic moisture regime have 
been adequately discussed. They require careful review and decisions to 
make the Vertisol taxonomy more rational. 

INTRODUCTION
 

The Indian Vertisols are commonly known as "Black Soils" or "Regurs"
 
originating from the Telugu language Nalla Reguds meaning "sticky, black
 
earth" and are called by different names in different parts of the country.
 
Due to the properties of cracking and swelling under dry and moist conditions
 
respectively, cultivation and other cultural operations become difficult.
 
Hence, many earlier workers were attracted to study the properties of Indian
 
Vertisols. These soils constitute the most important soils of the states
 

of Maharashtra, Madhya Pradesh, Gujarat, and North Karnataka. Considerable
 
thought was given to the placement of these soils among the recognized great
 
groups of the world. Many workers considered these soils nearer to the
 
Tropical Chernozems. However, due to low organic matter content, placement
 
of these soils undcr Chernozems was not acceptable to Indian scientists.
 
These soils were found to be similar to the dark clays of South Africa.
 
Wadia (1945) has compared the Black Soils of India with adobe clays of
 
California. Oakes and Throp (1951) proposed the classification of dark clays
 
of warm regions including Black Soils into a single group classified as
 
"Grumosols". This was accepted by Simonson (1954) after examining Regurs
 
in India. He observed a slow churning process generated by alternate shrink
ing and swelling of cxpanding layei lattice clay in soils inhibiting horizon
 
differentiation.
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Figure 1 

VERTISOL AND ASSOCIATED SOILS
 
SUBORDER ASSOCIATION
 

(GUJARAT, MAHARASHTRA, MADHYA PRADESH) 

Kin. 200 0 400 800200 600 Km. 
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LEGEND
 

SUBORDER ASSOCIATION 

JOrthents -Hilly and Misc. Land type 

Orthents - Ochrepts - Tropepts 
Orthents- Tropepts - Ochrepts 

Ochrepts-Usterts - Orthents 

Tropepts -Orthents 
Ochrepts - Usterts - Fluvents 

L Usterts - Ochrepts 
III Ochrepts- Usterts 

] Usterts - Tropepts 

Tropepts -Fluvents 
Usterts - Ochrepts - Fluvents 

: 

Ochrepts - Usterts - Ustalfs 
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MATERIALS AND METHODS
 

Distribution
 

Vertisols and associated soils occur mostly in the' 	 Peninsular Indiafrom 80451 to 2600 N and 6800. to 83045 ' E, covering an area of about 72.9million hectares, constituting roughly 22.2% of the 	total geographical area
of the country. 
 The spatial distribution 
of major soilscapes of Vertisols
and 	associated soils 
in India indicates that the 
latter occupies higher positions. Vertisols 
are 	mostly confined to 
the 	level plateau, valley depressions, and gently undulating piedmont plain, 
floodplain, deltaic 
plain, and
 
coastal plain.
 

In view of their areal 
extent, the striking features of 
these soils
are 	their specific environmental characteristics, potential use,
to their 	 and in regard
smectitic 
mineralogy, high coefficient 
of 
expansion and contraction
of vertical 
mixing and developing special features uncommon 
to other soils.
An 	attempt has been made 
for an in-depth study. 
 In such studies, the pedology
of 	Vertisols 
and 	associated 
soils is prominently brought out
differentiating diagnostic properties 	
to define the
 

of 	the various soils
properties according 	 with aberrant
 
to 	taxonomic classification 
(Soil Survey Staff, 1975).
 

Extent
 

The 	areal extent of Vertisols and associated 
soils occurring in India
is given below and shown in Fig. 1.
 

Percent of
Order 	 the total Vertisols
 
and 	associated soils
 

I. 	Vertisol 

38 (a) Typic Chromustert 61%
 

(b) Typic Pellustert 39%
 
2. 	Inceptisol 


37 (a) Typic 
 4%
 

(b) Vertic 
 96%
 
3. 	Entisol 


21 
 Mainly Ustorthent
 

4. 	Aridisol 

0.6 Salorthid
 

5. 	Alfisol 

0.4 Vertic Haplustalf
 

6. 	Impurities (Mapping) 3
 
Rock outcrops, miscellaneous
 
land types, undifferentiated
 
soils, etc.
 

(Murthy et al., 
1982)
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Geomorphic and soil relationships
 

The soilscapes comprising Typic Ustorthent and vertic subgroups of Usto
chrept/Ustropept dominantly occur on the plateau, pediment, and piedmont
 
covering an area of about 20.5%, whereas the association of other soilscapes
 
of vertic subgroups of Ustropepts and Ustochrepts and typic subgroups of
 
Pellusterts/Chromusterts cover 13.9%. Association of typic subgroups of
 
Pellusterts/Chromusterts and vertic subgroups of Ustropepts/Ustochrepts
 
account for 12.6%; association of vertic subgroups of Ustropepts/Ustochrepts
 
and Typic Ustorthents 12,4%, and Typic Pellusterts and Typic Chromusterts
 
5.5% of the area. The rest of the soils are classified as association of
 
Vertisols and vertic subgroups of Halaquept, Haplaquept, Tropaquept and the
 
saline phase of Vertisols.
 

Typic subgroups of Ustifluvents and typic subgroups of Salorthids dccur
 
in the low-lying areas along the coast and in the delta plains, whereas the
 
vertic subgroups of Haplustalfs occur to a negligible extent in red soil
 
terrain. The eroded landscapes with rock outcrops and undifferentiated soils
 
on the higher elements of topography cover about 3% of the area.
 

In general, Vertisols with subgroups of Typic Chromusterts or Typic
 
Pellusterts i. association ,with vertic subgroups of Ustropepts and Ustochrepts
 
are confined to the lowet piedmont plain and floodplain, while vertic sub
groups of Ustropepts anu Ustochrepts form the major soils of pediment and
 
upper piedmont or higizee elements of topography.
 

Soils and their environment
 

Vertisols and associated soils are found to occur at elevations ranging
 
from 300 to 9C0 m in Peninsular India, including erosional and depositional
 
landforms. The form consists of residual hill ranges, dissected mesas,
 
buttes and escarpments, and pediments. The latter is confined to piedmont
 
plain, valley floor, intervening basin, and floodplains. Topographical
 
variations play an important role in soil heterogeneity since they regulate
 
the hydrological conditions, modifying the soil climate which in turn in
fluences the pedogenic processes, morphological characteristics, and physico
chemical properties.
 

Differences in mineralogical composition, texture, and composition of
 
the rocks are important factors contributing to weathering and soil develop
ment. Nature and composition of rocks frequently induce the formation of
 
secondary minerals and influence ionic :omposition of a soil solutio*n system.
 
Vertisols are mainly formed from basalt, chiefly augite basalt. Its texture
 
ranges from vitreous basalt at one extreme to coarse-grained dolerite at
 
the other. Basalt, norite, and metamorphosed Dharwarian rocks are the main
 
sources from which Black Soils of southern India are formed. Abundance of
 
alkaline earths in the parent material appears to be the sine qua non for
 
the formation of Vertisols since it maintains a high concentration of bases
 
in alkaline medium and blocks the formation of the kaolinite and, thus,
 
possibly helps the formation of montmorillonite.
 

Padole (1955) has reported di1 erences in parent material responsible
 
for changes in physical and chemical composition of Vertisols of Madhya
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Pradesh while Tamhane 
and Nam Joshi (1959) failed to observe any marked in
fluences. Black Soils are also reported 
to have derived from weathered
 
sodalime feldspars which are responsible for yielding heavy texture (Ramiah

and Regphvendrachar, 1936). They are also reported to have been formed from
 
marine alluvium (Bhattacharjee et al., 1979). From the above reports, it
 
may be concluded that for the gepesis of Black Soils, presence of a high

proportion of alkaline 
earth in the weathering complex is essential. Equally

important is the alignment of the particles of the parent material by which
 
leaching and removal of alkaline earths are restricted.
 

RESULTS AND DISCUSSIONS
 

Morphology
 

Color. Morphology of Vertisols (Table 
i) reveals that V rtItsols are

dark grayish-brown in color with hues of 1OYR and 
2.5Y, dr values 4 and
 
5 and moist value 3 and occasionally 2. Chroma varies from 3 to 
 for both
 
moist and dry soils. Interdigitating mottle colors are dark yellowish-brown,

lOYR 3/4 and 4/4 and mostly n)ticed in the AC horizon as fine to coarse
 
tongues. Mottling is noticed in some soils having neutral color in hue 2.5Y
 
as evidence of poor drainage. Interdigitating celors which are absent 
in
 
vertic 
 subgroups demarcate clearly the Vertisols from vertic subgroups.
 

Structure. Structure in Vertisols, coarse prismatic separating to mostly 
coarse angular blocky peds, faces of which are smoothened and inclined to
300 with horizontal axis, shows the evidence of the high shrinking/swelling
 
nature of clay. In associated soils, it varies from medium moderate sub
angular blocky to coarse strong 
 angular blocky with pressure faces showing
the evidence 
of a troweling effect. Prominence of slickensides and orienta
tion of shear planes aad intersecting slickensides forming parallelepiped
 
structural aggregarts arc present in the 
subsoil layers of Vertisels. The
 
associated soils do not exhibit such features beside pressure faces of struc
tural peds. However, instances are not 
uncommon in vertic subgroups where
 
the subsoil layers transitional to C horizon exhibit slickensides closi. enough
 
to intersect but not actually intersecting. Hence, this may be taken as
 
morphological criteria for differentiating Vertisols from the 
 vertic subgroups
 
in field study.
 

Pedon. Cyclic movement causes vertical mixing of materials and results
 
in a high degree of uniformity while the associated soils exhibit: 
an isotropic
 
property in 
the profile with depth. The associated soils of vertic subgroups
 
may have ABC profiles and thickness of horizon uniform within the pedon,
 
somewhat 
running parallel to surface. At some places, shallow associates
 
may have only A horizon directly overlying Ac or C horizon. Vertisols mostly

exhibit variable depth ofhorizons due to cyclic movement. This again is
 
a phenomenal 
distinction between Vertisols and vertic subgroups (Bbattacharjee
 
et al., 1977, 1982).
 

Horizon boundary. 
There is a distinct contrast in the I)oundarles of
 
Vertisols and associated soils. Mostly clear and gradual beundaries with
 
smooth and wavy topography have been recognized in vertic subgroups, while
 
in Vertisols recognition of topography of lower boundary of dyclic or inter
mittent horizon is somewhat difficult. However, apparent topography
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__ 

Figure 2. 

SCHEMATIC DIAGRAM OF IDEAL VERTISOL PROFILE
 
IN INDIA
 

Micro Low' I/2 of Cycle -VMicroHigh 

CYCLIC PEDON 

<1n. - Small cyclic Pedon 

In.- 2m. -Medium cyclic Pedon 
f.m:35m.- Large cyclic Pedon 
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identified in of
terms amplitude has been recognized (Dudal, 1965; Bartelli,

1971) as low, medium and high having the shape 
as tongued, wavy and smooth
(Bhattacharjee et 
al., 1977) may be included as a distinct differentiating

criterion which is related with cyclic 
mass movement. As such, 
it would
necessitate modifying the style 
 of describing morphological features,

especially the horizon boundary in Vertisols.
 

Open shrinkage cracks of 2 to 
5 cm tapering through depth constitute
 
no.mal surface feature.
the The cracking pattern, both vertical and horizontal, 
is observed in vertic subgroups as well as in Vertisols. But it


is significant to note 
that in Vertisols, the pattern of cracking shows its

oblique nature 
and runs along the slickensides 
while in vertic subgroups,

vertical cracks run straight with the dept, of the pedon.
 

Microrelief. Gilgai microrelief is invariably observed in Vertisols;
at places, weak development of gilgai relief 
 is also noticed in vertic
 
subgroups.
 

In the placement 
of soils under Vertisols, the differentiating features
in agreement to the 
observations of Bhattacharjee 
et al. (1982) should be

(i) gilgai microrelief, and 
(ii) intersecting slickensides within 
30 cm of
the surface. 
 This is also to stress 
that the soils not fulfilling these
 
criteria should be considered soils other than Vertisols.
 

Plasma separafion and illuviation of clay. 
The slow process of haploidization due to argillipedoturbation makes 
the illuviation layer lattice clay
somewhat impossible (Buursink, 
1971). There are few reports of clay illuvia
tion based on micromorphological 
 findings (Jongerius and Bonfils, 1964).

Measuring incipient flocculation ratio, Osman 
and Eswaran (1973) observed

that clay in Vertisols can but
move clay cutans observed in thin section
 
were found disrupted and assimilated 
into tile matrix due to pe~oturbation.

Iron and manganese become mobile 
based on pli-Eh in VerLisols. In certain
 
zones, pil is mainly depletion and accumulation of 
these element!;. In the

deeper subsoil of Vertisols, Eh is reduced, 
and liberated Fe2" and Mn 
move
with depth and accumulate on bicunate 
faces of pods as Ferran or Mangans.

The infillings of 
 clay through cracks get pressed between soil nasses due
to the high 
shrink-swell potential of nontmorillonitic 
clay. The ierran
and mangan or organo-ferran/mangan coat 
 the surfaces of paralllepipeds.

While the surface becomes dry, the dried papules look like dark 
fish scale

with color different from ped-interior. 
 Many times workers mistake it for
 
clay cutans and group the soils as 
Pellustollic.
 

Favorable soil-forming processes 
lead to Vertisol even in:
 

1. high rainfall regions in tropics on 
ultrabasic rocks on
or mildly

basic materials on accumulative basin;
 

2. temperate climate on Ca-Mg clays 
md marl; and
 

3. arid climate in depressions that are periodically flooded.
 

Preponderance of smectite minerals
 

I. Montmorillonite develops with very high Si/Al 
even >5 molar ratio
 
in high pif in presence of Ca2+, mg2+, and Na 
. 
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Table 1. 	Morphological characteristics of Typic Chromusterts/Typic Pellusterts and Vertic Ustropepts/Vertic
 

Ustochrepts.
 

Hori- Depth Color Tex- Structure Consis- Boun- Ocher features
 

zon in cm Dry Moist Lure Tertiary Secondary tence dary
 

Typic Chomustert
 

Ap 0-15 1OYR 3/3 lOYR 3/3 C 3c Pr 2m sbk 	 dh, mfi, ds Fine lime nodules, es;
 

ws, wp 	 ooen cracks (2-4 cm); gilgai
 
with linear frequency of
 
microknoll and micro
depression
 

A12 15-50 1OYR 3/3 IOYR 3/2 C 3c Pr 2c abk 	 ch, mvfi, ds Medium lime nodules (1.95
wvs, wp 2.0 cm), es; cracks (1-2cm);
 

shiny pressure faces on peas
 

A13 50-95 - IOYR 3/2 C Intersect- 3c abk 	 -do- cs Medium lime nodules, es; 

int slicken- cracks (i cm) up to 90 cm;
 
sides forming parallelepipeds with long
 
parallel- axes tilted 350 from hori
epipeds zontal; abk with shiny
 

pressure races.
 

Ai4 95-130 - 1OYR 3/2 C -do- -do- -do- cw Many lime nodules, es; para
lielepipeds with long axes 
tilted 40-450 from horizon

tal; abk with shiny pressure 
faces 

AC 130-165 - IOYR 4/3 C -do- -do- -do- ds Many lime nodules, es; para

and llelepipeds with long axes 
1OYR 3/2 tilted 450 from horizontal; 

abk with shiny pressure 
faces. 

C 165-180 - IOYR 4/3 C Intersect- 2m abk dh, mfi, - Many lime nodules, ev; many 

and ing slicken- ws, wp soft powdery lime patches. 

1OYR 3/3 sides 



Table 1 continued 

Typic Pellustert 

Ap 0-20 1OYR 4/1 1OYR 3/1.5 C 2c Pr 2m sbk dsh, mfr. 
ws, wp 

cs 2 cm pulverized surface 
mulch, es; gilgai relief, 
microknoll, 10 cm over micro 
depression; random, sink 

holes open cracks 2 - 5 cm 
wide segregated lime nodules, 

A12 20-40 IOYR 3/1 C 3c Pr 2m sbk dh, mfi, 
ws, wp 

gs 

powdery lime. 

f.m. lime concretions, es; 
quartz gravels; shiny pres
sure faces. 

j A13 40-60 OYR 2.5/I C Intersect- 3c abk 

ing slicken-
sides, coarse 
parallele-

piped 

dvh, mvfi, 

wvs, wvp 

gw shiny pressure faces, m-c 
lime concretions, es; fine 
oblique imped and exped 
pores 

A14 60-90 OYR 2.5/1 C -do- 3c abk -do- cw coarse lime concretions, 

violently effervescent, 
very fine exped -creg 

Ac 90-130 IOYR 3/1 C -do- 3c abk -do- gw common coarse distinct, 

2.5Y 2.5/2 and 2.SYR 5/4 
mottles which are inter
digitating cores of C and 
A14 

C 130-180 2.5Y 5.5/4 C -do- 3c abk -do- - coarse faint 2.5Y 4/2 

mottles 



Table I continued
 

Hori Depth Color Tex- Structure Consis- Boun- Other features
 

zon in cm Dry Moist ture Tertiary Secondary tence dary
 

Vertic Ustropept/Vartic Ustochrept
 

Ap 0-12 IOYR 4/2 IOYR 3/2 C 2c Pr 2n abk 	 dh, mfi, ds many lime nodules, es;
 
ws, wp open cracks (0.5-1.5 cm)
 

B21 12-48 1OYR 4/3 IOYR 3/3 C Ic Pr 3c abk 	 -do- ds many fine conc, es; cracks
 
(0.5 cm) up to 45 cm;
 

pressure faces on peds
 

B22 48-88 - iOYR 3/3 C slicken- 3c abk -do- gs many medium lime nodules, 

sides es; abk with shiny pressure 
faces (stress cutan) 

B3 88-110 - 1OYR 4/3 C - 3m sbk -do- gs 	 many medium and fine iime 
nodules; ev. 

im sbk dsh, mfr, - many medium lime nodulesC 110-130 - IOYR 6/3 Cl 

and wss, wps and powdery lime; ev. 

1OYR 7/2
 

Symbols used are the same given in Soil Survey Manual, U.S.D.A. Handbook No. 18, 1951, p. 139-140.
 



2. The quantum of available water and hence the 
duration of the giowing

period, as as
well the various soil management 
and crop husbandry practices,

are not identical. 
 Hence, it was suggested to create udic, typic, and
aridic subgroups in 
the great groups Chromusterts and Pellusterts.
 

3. Vertisols are 
usually deficient in N2 
 and low in humus. Immense

yield increment can 
be attained by application of N2-fertilizers, particularly
 
in the rainy season.
 

4. P205, though appecring adequate at the present level of crop yields,
may become limiting with bigger harvests 
made possible by new technologies.

However, unlike N2 , P205 poses 
severe problems because 
of very low recovery
 
of fertilizer P205.
 

5. The basic principles thus evolved have 
widespread applicability,
though specific management systems will 
have to be developed taking into
 
account the 
local situations.
 

According 
to Soil Taxonomy, Chromusterts are supposed 
to be better
drained than Pellusterts, 
which are poorly drained. 
 This point needs further
 
elaboration and discussion.
 

i) Nimone series 
 is Typic Chromustert but imperfectly drained,
 
still having chroma 2.
 

(ii) Umbraj series 
 is Udic Chromustert but 
 poorly drained, still*
 
having chroma 2.
 

(iii) Dhandhuka 
series is Typic Chromustert but poorly drained; chroma
 
is 2.
 

(iv) Malegaon series on level plateau with moderate drainage; chroma 
is I. 

(v) Achm~tti series level
on 
 basin, imperfectly drained; chroma
 
is 1.
 

(vi) Raichur 
series on gently sloping alluvial plain moderately well
drained; chroma is 1.
 

Chroma and are
pell encountered in different 
 situations of drainage
and topography. Thus, 
existing classification 
is not entirely satisfactory.

Since drainage status of Vertisols is very important for land 
use, it should
be reflected at a 
much higher level of classification than hitherto 
under
stood. Therefore, there 
is a strong case for creation of "Aqert" suborder
 
for very poorly draintd soils.
 

Aquic moisture r(gime. This implies 
a reducing regime that is virtually
free of dissolved oxygen because 
the soil is saturated by groundwater or

by water of the capillary fringe. 
 Aquic must be a reducing one.
 

Some soil horizons at 
times are saturated with 
water while dissolved
 oxygen is present, either because the water is moving or because the environ
ment is unfavorable for microorganisms. Such 
a regime is not considered

aquic. For differentiation 
in the highest categories of soils that have
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soil must be saturated. The soil is considered
 
an aquic regime, 	the whole 


if water stands in Pn unlined borehole at such a shallow
 to be saturated 

surface except in 	noncapil

depth that the capillary fringe reaches the soil 


lary pores.
 

Chemistry
 

places

The texture in Vertisols ranges from clay to silty clay, at 


loam to clay loam, the clay content ranging from 40-60%, and
 
silty clay 


The vertic subgroups have a higher content
 
occasionally 80%. associated 


increase to a particular depth and decrease thereafter.
 of clay which tends to 


also interesting 	to observe that the clay distribution in Vertisols
 
It is 


of CEC to clay is around 1, indicating

is somewhat uniform. The ratio 


in the exchange complex. In vertic subgroups, it
 
dominance of smectite 


mixed to montmorillonitic mineris between 0.5 and 1, indicating illitic or 


alogy.
 

to its distri-

Organic carbon content is low, ranging from 0.3 0.7 and 


bution is more or less uniform, but in associated soils there is a regular
 

pH the mildly to moderately alkaline
 
decrease with depth. of soils is 


upon the nature of parent material,
depending 

At places it may be strongly
 

and varies from 	7.4 to 8.5 


base status, climate, and topographic situation. 


to very strongly alkaline.
 

ranges

Bulk density of soil between cracks, with dry clod method, 


from 1.5 to 1.8 g/cc. However, higher values ranging between 2 and 2.2
 

have also been observed. In vertic subgroups, it ranges from 1.4 to
 

1.7 g/cc.
 

Taxonomy
 

mostly under
 
Vertisols occur in areas experiencing monsoonic climate, 


semiarid and subhumid conditions. However, small 
pockets under arid climate
 

and summer
 
are also met with. Overhead climate is hot and dry, intense 


ranging from 400-1600
 
is followed by a specific rainy period with rainfall 

0
 

mm. Mean maximum daily temperatures range from 360 to 42 C in April and
 
0
 December and
 

May, and mean minimum temperatures range from 10 0 to 24 C in 


and mean summer temperatures

January. The difference between mean winter 


20 N latitude and narrower below. Normal
 
becomes wide in the north beyond 

0
 

part June extends September. At places,

rain sets in the last of and to 


is received from September to
rainfall
in the southern part of India, 

exceeds
temperature high,
areas, the being PE 


December. In most of the 

to alternate brief


incomplete leaching. Due 

precipitation, indicating 

wet and prolonged dry condiLions in this part, any process other than calci

high saturation
to be inoperative resulting in base with
 

of free lime in the matrix either 

fication seems 


in hard nodular form or
 
concentration 


(1968) have emphasized the climatic factor
et 

soils due to its influence


as powdery mass. Karale al. 


which plays a decisive role in characterization of 


on weathering.
 

in India have been classified as Chromusterts/Pellusterts
The Vertisols 

of the climatic 	variations with
 

under the existing definition, in view 


annual precipitation, potential evapotranspiration,

respect to the volume of 
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number of dry and humid months, humidity index, aridity index and moistureindex, and moisture storage. It that isis felt there need for furthersubdivision of the Uscic regime at the great group level to Aridic Ustic,Typic Ustic, Udic
and Ustic 
subgroups for more meaningful placement
Vertisols linking 
 utility potentials in agreement 
of
 

with Smith (1979) and

Murthy et al. (1982).
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MINERALOGY OF ARIDISOLS AND VERTISOLS
 

Ben F. Hajek
 

ARIDISOLS
 

regimes, with more development
Aridisols are soils with aridic moisture 

horizon.
 

Aridisols have ochric epipedons and usually argillic, cambic, or natric sub

surface horizons. Calci, petrocalci, gypsic, petrogypsic, salic, and duripan
 

subsurface horfzons must be present if there is no argillic, natric, or cambic
 

layer. These horizons often are present in addition to argillic, natric,
 

and cambic, being used to class soils 


than Entisols or if more moist than aridic, there must be a saline 


at the great group and subgroup cate

gories (Soil Survey Staff, 1975; Alin, 1977). Aridisols have alkaline soil
 

environments frequently with significantly large amounts of carbonates.
 

However, they certainly can be noncalcareous to depths of one meter.
 

On the basis of climate, arid regions occupy 36% of the earth's surface; 

on the basis of vegetation, 35% (Buol et al., 1980). Arid land soils are 

concentratrd between 10 0 and 150 N and 150 and 50*S. The major continuous 

area begins in Africa and goes through the Sahara and Arabian peninsula to 

Eastern Mongolia. This is about 13,000 km. Africa has the largest area;
 

Australia the largest percentage. Aridisols are the only order confined to
 

arid regions by definition. They comprise about 36% of soils in arid regions
 

and about 11% of the world land area (Dregne, 1976).
 

Mineralogy of Aridisols
 

Detailed studies of mineralogy of arid land are relatively recent.
 

Marshall (1977) states that because of the low intensity of weathering, the
 

following is expected: (I) no complete throughput of water, (2) mineralogy
 

often reflects the mineralogy of the parent material, and (3) accumulation
 

at various depths in the series control section.
of all weathering products 


Thu most obv'ous products of weathering arrested in the profile are carbon

ates, sulfates (Ca & Na), and halides. If secondary aluminosilicates are
 

considered in respect to stability diagrams, several statements can be made
 

about these minerals (Carrels and Christ, 1965; Lindsay, 1979) in arid soil
 

environments.
 

Moderately high sodium and high pH favor formation of or stability of
 

on the amount of Mg in solution.
Na-montmoril]onlte or Na-beidellite depending 


High Na and high Mg favor analcime plus triocthedral smectite. Very high
 

Na alone gives analcime. Illite (clay mica) is stable under moderate K /H+
 

and moderate Mg. Very high Mg should favor the formation of attapulgite and
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sepiolite. Montmorillonite, biedellite, illite, analcime, attapulgite (poly
gorskite), and sepiolite could 
form by synthesis as weathering products from
 
feldspars, mica, and ferromagnesian minerals. All of 
these minerals have
 
been reported in Aridisols. Although kaolinite is 
usually present, it is
 
not forming under present arid soil environments.
 

Buol (1965) in a review of weathering processes in arid regions concluded
 
that evidence for translocation existed, especially the presence 
of cliche
 
and calci layers. The clay mineralogy 
in arid soils is probably controlled
 
more by parent material 
than by clay weathering during pedogenesis. The
 
theoretical possibilities pointed out by Carrel and Christ 
(1965) and Marshall
 
(1977) are consistent with Buol's (1965) conclusions based on reported data.
 

Montmorillonite is the most frequently reported dominant mineral in the
 
clay fraction of 
Aridisols (Gile and Grossman, 1979; Aba-Husayn et al., 1980;

Barshad et al., 1956; Van 
Der Merwe and Heystek, 1955; Wildung, 1977; Al-Rawi
 
et al., 1969; Paredes and Buol, 1981; Gal et 
al., 1974). Clay mica (illite)
 
was the most frequently reported clay mineral. Illite was present in
 
essentially all Aridisols 
fror all parts of the world (Sidku and Gilkes,

1977). K-iolinite is usually present in most arid clays. 
 There are -few
 
notable exceptions for some soils from 
North America (Mclean et al., 1972),

Iraq (AI-Rawi et al., 
1969), and Iran (Abtahi. 1977). Vermiculite was found
 
to be a major component in a Calciorthid, two Camborthids, and two Natrargids
 
in Iran (Mahjoory, 1979; Al-Rawi et al., 
1969; Mahjoory, 1975). Mixed layer,

interstratified systems are often detected. 
 It is difficult to quantitate,

especially since some component may 
be included as a single component (eq.
 
mica by total K20).
 

Many and often quantitatively 
 significant amounts of polygorskite

(attapulgite) and sepiolite 
are reported in Aridisols from many parts of the
 
world. Quantities in excess of 20% are reported (Abtahi, 1977, 1980; Mclean,
 
1972; Al-Rawi et al., 1969; Barshad et al., 1956; 
Zelazny and Calhoun, 1977;
 
Elgabaly, 1962).
 

SUMMARY
 

As pointed out by others (Dregne, 1975; Buol, 1965), illite is the most
 
common clay mineral in arid soil. 
 Although its frequency of occurrence is
 
greatest, it is usually reported 
secondary in abundance. Most frequently,

smectite dominates the clay fraction in arid regions other 
than in Australia
 
(Stace 
et al., 1968) where illite, kaolinite, and interstratified minerals
 
are usually reported.
 

Considering placement into mineralogical families, in clayey soils
 
(>35% clay) montmorillonitic and mixed classes 
will essentially include all
 
Argids and Camborthids. Essentially all Aridisols in loamy families 
are
 
classed in mixed mineralogy families (Table 1).
 

Calci- and Paleorthids in North 
America have a significant number of
 
series in carbonatic families. The 
place for polygorskite (attapulgite) and
 
sepiolite has not been determined, however, these minerals 
seem to occur most
 
frequently in Calci- and Salorthids.
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Although halides and sulfates are frequently sign-ficantly components
 

of Aridisols, concuntrations are often in terms of soluble components and
 

not percent of total mineral matter (Doner and Lynn, 1977).
 

Table I. 	 Series in Aridisol Mineralogical Families of the United States and
 

Puerto Rico, August 1981.
 

Clayey Loamy 

Montmorin Illitic Carbonitc Mixed 

Mixed Kaolin Gypsic Siliceous 

Duragids 32 3 64 

Haplardid 71 32 332 

Nadurargi 11 1 10 

Natragid 61 7 1 1 61 

Paleargid 32 2 1 17 

Calciorthics 1 43 191 

Camborthids 17 1 1 3 1 208 1 

Dururthids 4 8F 

Gypsiorthids 4 11 12 

Paleorthids 20 29 

Salorthid 3 4 1 17 

Total 210 67 2 1 76 13 1,028 1
 

VERTISOLS
 

Vertisols are clayey soils that shrink and swell to the extent that the
 

cracks are evident at a depth of 50 cm and have evidence of soil movement
 

in the form of slickensides, gilgai, and wedge-shaped structural aggregates.
 

Other than the distribution of organic matter, the characteristics of horizons
 

change little with depth (Soil Survey Staff, 1975).
 

Large areas occur in Australia, India, Sudan, Venezuela, Chad, Ghana,
 

Cuba, Puerto Rico, United States, and Taiwan. These soils are locally impor

tant, presenting many unique problems in use and management. High clay con

tent, expanding lattice clays, and saturated permeability are of primary
 

concerns for both engineering ond agricultural uses (Buol et al., 1980; Allen,
 

1977).
 

223
 



Mineralogy of Vertisols'
 

The mineralogy of Vertisols 
is usually dominated by smectite (Soil

Taxonomy) although a few have been reported as kaolinitic. Only three min'era
logical families have been established in the United States, Puerto Rico,

and the Virgin Islands: montmorillonitic, mixed, and two series in kaolinitic

(Table 2). 
 Of thL 188 series recognized, 172 are montmorillonitic.
 

Table 2. 	Series in Vertisol Mineralogical Families by Great Groups (Soil

Series 
of the United States, Puerto Rico, and The Virgin Islands.
 
August, 1981).
 

Montmorillonitic 
 Mixed Kaolinitic
 

Torrerts 
 8 	 2 
 0
 

Chromuderts 
 13 	 3 0
 

Pelluderts 
 12 	 0 0
 

Chromusterts 
 48 	 6 
 2
 

Pellusterts 
 36 	 3 
 U
 

Chromoxererts 
 43 	 0 
 0
 

Pelloxererts 
 12 	 0 
 0
 

Total 
 172 	 14 2
 

The 
smectites are usually montmorillonite or beidellite (Sawhney

Jackson, 1958, and unpublished data, 

and
 
B.F. Hajek). The smectite content is
usually high and 
in some soils will comprise essentially all of the < O.lpm

clay (Carson and Dixon, 1972). 

A typical Vertisol will have from 40-60% clay. 
 Of this, about half the
clay will be finer than O.lpm. From 40-50% of the clay is sinectit- although
 
more than 70% has been reported (Fitzpatrick and Leroux, 1977). About 
15
30% will be kaolinitic, with mica often comprising around 10%.
 

1Portions 	of this report were obtained from a report by J.B. Dixon. 
 Miner
alogy of Vertisols. Department of Soil and Crop Sciences, Texas A&M Univ.,
 
College Station, Texas, U.S.A.
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Kaolinite appears to be due partly to weathering from smectite and often
 

Nash, 1968; Dudal, 1965; Fitzinherited from parent material (Dixon and 


patrick and LeRour, 1977; Kantor and Schwertmann, 1974). Kaolinite can be
 

the >10 percent
the dominant mineral but will be classed as mixed because of 

found in some


smectite criteria. Significant amounts of kaolinite were 


Vertisol in Venezuela (Table 3).
 

4
 (Table 3) and
Vermiculite is also present in these so Is from Venezuela 


other Vertisols (Carson and Dixon, 1972; Ka3.-athanasis and Hajek, 1982).
 

Mica is present in small amounts. Quantities 	are usually based on the
 

al., 1972; Carson and Dixon, 1972).
amount of total 	K2 0 (Mohr et 


Chlorite has been reported in Vertisols from Turkey (GUzel and Wilson,
 

Africa, and in Vertisols from Alabama and
 
1981), throe soils from South 


Mississippi, U.S.A. (Dixon and Nash, 1968).
 

extent and of little toxonomic %. ight 

iron oxides, feldspars, pyroxenes, quartz, amphiboles, and olivine. 
Other minerals of relatively minor 


are: free 


is freqaently reported as a

Carbonates, especially calcium carbonate, 


in the form of hard and soft

significant mineral. Calcite can be present 


entire soil ntatrix (McKee
concretions and as free carbonate as part of the 


and Hajek, 1973).
 

established. The pH
The persistence of carbonate in Vertisols is well 

calcite suggests that
control exhibited by this mineral and the abundance of 


more study is needed, and perhaps consideration should be given to calcite
 

as criteria for 	classes.
 

Quantitative Mineraology - Aridisols and Vertisols
 

of soil clays
The amount of reliable quantitative clay mineral analysis 

that give data
is relatively scarce, especially prior to about 1960. Methods 


that is suitable for soil classification and for many interpretations are
 

to many soil scientists. Theae include X-ray diffraction, X
now available 


absorpray emission, thermal analysis, chemical (CEC, C0 2 , total K) atomic 


tion, surface area, 
and others. Excellent approximate data can be 	obtained
 
capacity
by careful step-heating and weighing and from cation exchange 


peak height quantities usually need to be
 measurements. 	 X-ray diffraction 

at least cation exchange capacity or thermal data.
supplemented by 


225
 



Table 3. Mineralogical composition 
of Clay Fractions from some Vertisols
 
in Venezuela. Samples from Dr. Juan A. Comerma. CENIAP. 

DEPTHS HIV SM+VR MICA KLN 

Minerals 

GBS GTH QRZ INTG CLC TOTL 

-cm-

SOIL SERIES : El Palmar 

0- 10 - 321 
10- 40 - 30' 
40- 80 - 32* 
80-210 - 29* 

(*primarily vermiculite) 

31 
32 
27 
27 

30 
32 
33 
34 

-
-
-
-

-
-
-
-

5 
5 
4 
3 

-
-
-
-

-
-
-
-

98 
99 
96 
93 

SOIL SERIES 

0- 10 
40- 80 
80-110 
140-155 

: La Guajira 

- 39 
- 40 
- 37 
- 39 

20 
21 
22 
22 

30 
29 
30 
30 

-
-
-
-

-
-
-
-

5 
3 
3 
3 

-
-
-
-

-
-
-
-

94 
93 
92 
94 

SOIL SERIES : Lagunillas 

6-10 - 28 
3- 50 - 26 

120-150 - 29 

18 
18 
18 

51 
49 
44 

-
-
-

-
-
-

-
4 
-

I 
-
I 

-
-
-

98 
97 
92 

SOIL SERIES 

0- 20 
35- 52 
90-110 
110-130 

: Valle Hermoso 

- 45 
17 44 
10 44 
12 40 

18 
17 
18 
18 

24 
15 
19 
19 

-
-
-
-

-
-
-
-

-
-
-
-

10 
7 
8 

11 

-
-
-
-

97 
100 
99 

100 

SOIL SERIES 

0- 18 
38-100 
130-200 

: Pedon : Exp. Station, Central Venezuela 

- 34 16 37 - 3 
- 34 17 37 - 4 
- 38 18 33 - 2 

4 
4 
3 

-
-
-

-
-
-

94 
96 
94 
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SUMiMRY
 

The mineral smectite is dominant in most Vertisols of the world. The
 

expansion characteristics of smectite and the usual abundant fine particle
 

size of this mineral give soils the volume change needed to be Vertic. Even
 

if other minerals dominate, smectite usually is present, and fine clay is
 

a significant part of the soil. Kaolinite is usually detected as the second
 

most abundant mineral with a small amount of mica (illite) and free iron.
 

Other clay minerals include vermiculite and chlorite. Calcite is significant
 

in many Vertisols. The other minerals reported are usually inherent to the
 

parent material.
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VERTISOLSRELATIONSHIPS BETWEEN MOR2HOLOGICAL PROPERTIES AND DRAINAGE IN 

W.A. Blokhuls 

ABSTRACT 

that could indicate poor drainage in VertisolsMorphological properties 
have been studied in profile and site descriptions from various countries.
 

Some trends that became apparent are as follows.
 

Low chroma in combination with 	iength of flooding is a reliable indicator
 

of some- residual Vertisols on hillslopes
of poor drainage. The low chroma 


may be caused by very slow internal drainage, or it is an inheri:cd feature,
 

both. Yellow hues do sometimes indicate we,. conditions, but not con
or 


so. Mottles in the surface soil reflect waterlogiing conditions,
sistently 

but high p11 in poorly drained sites prevents surface soil mottling. Mottling
 

in the lower part of the solum is due o eicher a transient perched water 

table, groundwater in a permeable substratum, or "in situ" weachering of 

primary minerals. 

Vertisols is discussed, and
The feasibility of a groundwater table in 

Transient perched
it is postulated that groundwater tables cannot be defined. 


water tables are feasible at the sites of cracks.
 

INTRODUCTION
 

are related to poor drainage are generally
Morphological properties that 

of reducing conditions in the soil


those that are supposed to be evidence 


for some part of the year. Dudal (1965) lists the following examples of
 

very low chromas, neutral or gley colors, yellowish hues
such properties: 

and mottling at moderate depths.
 

Survey Staff, 1960) Vertisols
In the 7th Approximation (Soil with
 

"characteristics associated with periodic wetness" were placed in the sub

order Aquerts. Diagnostic criteria were:
 

- "chromas of less than 1.5 throughout the upper 30 cm," and/or
 

- "distinct or prominent mottling within the surface 73 cm."
 

231
 



In the revised 
edition of 1967, the criterion on chroma was downgraded

to the categorical level of the great group, that on mottling to the subgroup.
 

In the final edition of 1975 (Soil Survey 
Staff, 1975) "soil moisture
 
regimes" were defined. These 
presumed the moistening and move,ent of water
 
from the surface downwards along a continuous, more or 
less horizontal, front.
 
Such soil moisture 
regimes could not be identified in Vertisols, that are
 
characterized by a very 
low hydraulic conductivity of the soil material and
 
at the same time by the presence of wide and deep cracks that allow a rapid,

but short-lived and 
spotwise deep penetration of water. The bore-hole method
 
that is used to identify an aquic soil moisture regile does not work in Verti
sols, so a suborder 
Aquerts could not be defined. Consequently, criteria
 
for periodic wetness 
remained at the same categorical levels: low chroma
 
for great groups (in most suborders) and mottling for subgroupb (in some
 
great groups).
 

In February, 1981, 1COMERT 
raised the question whether the chroma
distinction 
at the great gioup level ("Pellis" versus "Chromic") did in fact
 
separate 
the poorly drained Vertisols from the better-drained ones (as it
 
was supposed to do): many "Chromic" Vertisols appeared to be poorly 
or very

poorly drained. ICOMERT suggested defining "poorly 
or very poorly drained"
 
Vertisols 
as those that have "water at the surface for 3 or more months during

the year." If that concept of 
"poorly or very poorly drained" could be
 
accepted 
for an "aquic moisture regime" in Vertisols, a suborder Aquerts
 
could be defined.
 

Guy D. Smith suggested including slope 
as an additional diagnostic

property ("Proposed Amendments to Soil Taxonomy," 
Draft; May, 1978). The

definition of Chromuderts and Chromusterts was to be enlarged with: "and
 
have slopes of 1 per cent or move," and that 
of Pelluderts and Pellusterts
 
with: "or have slopes of less than I per cent."
 

The question of how drainage condition corresponds with the criteria

used in Soil Taxonomy is the subject of this paper. 
 Drainage condition is
 
a complex property: 
 it depends on climate, evapotranspiration, topography

and soil; the movement of water (or lack of 
it) in a heavy clay soil with
 
shrink-swell properties is of 
particular importance.
 

MATERIALS AND METHODS
 

Morphological properties of Vertisols, and especially those that are 
(supposed to be) related 
to soil drainage, were compared 
with site character
istics, notably parent 
material, slope, geomorphic position, rainfall and
 
other climatic data, 
and, if appropriate, hydrological characteristics such
 
as groundwater 
level and length of flooding. The data were taken from pub
lished sources, soil survey 
reports and author observations, the latter mainly
 
from the Sudan.
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This "survey" is, of course, far from complete, 	and probably not represen

have emerged, and, given

tative for all Vertisols. However, some trends 


(Soil Survey Staff,

the relative uniform morphology of the Vertisol order 


1975), these are probably valid for Vertisols in other regions also.
 

MORPHOLOGICAL INDICATIONS OF HYDROMORPHIC CONDITIONS IN VERTISOLS
 

slope and length of flooding
Low chromna in relation to 


sites with "Pellic"
Slcpe is not a useful characteristic for separating 

the Sudan,


from those with "Chromic" Ve.tisols. In the Central clay plain of 


where slopes are generally below O.5%, and often below 0.05%, "Chromic" Verti

perceptible slope also

sols dominate. "Chromic" Vertisols on sites without 


occur in the 
Gharb plain, Morocco (Bryssine, 19b7) and in Chad (Pias, 1970;
 

Bocquier et al., 1968; Audrey, 1968).
 

subject to flooding, or to more

In slightly concave, depressiona) sites 


of "Pellic" Vertisols
Sites I, the occurrence

prolonged flooding than datum 


is suffi
is more consistent, provided the amount of rainfall and/or flooding 


cient. in the Central Sudan clay plain, "Pellic" Vertisols are restricted
 

vegetation that reflects water
to distinct depressions that also carry a 


logging conditions. The chroma-limit as defined in Soil Taxonomy works well
 

in the Sudan in areas with rainfall over about 600 mm: 
 "Pellic" Vertisols
 

sites have chromas 1.5 or I; "Chromic" Vertisols on datum
in depressional 


do occur buL seem to be related to pro
sites have chromas 2; higher coromas 

rather than lo better drainage.
venance of the clays 


chroma 1.5 appeared to be less operational.
In Venezuela, a separation at 


Comerma and Luque (1982) selected 77 profiles of well-characterized Vertisols,
 

of which 4C were Pellusterts and 37 Chromusterts. Not only almost all of
 

but also nearly half of the Chromusterti occurred on sites
 
the Pellusterts 


that had water at the surface 
of the soil for three months or more. if,
 

or less" to "2 or less,"

however, the color criterion was shifted from "1.5 


occurred almost exclusively on flooded sites whereas
 

over 2 occupied nonflooded sites.
 
the latter category 


the Vertisols with chroma 


made compli-

The use of the chroma-criterion to indicate poor drainage is 


cated by the occurrence of residual 
"Pellic" Vertisols on sloping terrain;
 

basalt in the Gedaref area (Beinroth and DUmmler, 1965;

in Lhe Sudan, e.g. on 


and on basic metamorphic rock in the Southern Kenana (Mohr

Knibbe, 1964) 


et al., 1972). Similar observations were made in the Canary Islands (Fernan

have been mentioned by Dudal (1965). We do
 
dez Caldas et al., 1981) and 


or at least influenced by,
low chroma is inherited from, 

is so slow
 

not know whether the 


the parent rock or whether the internal drainage in these soils 


1
Smith (1949) used the term "datum site" to indicate a level area that neither
 

nor loses water by runoff.
receives discharges from higher ground 
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that waterlogging conditions 
exist even when there is runoff. Waterlogging

could be due to an impermeable rock layer at rather shallow depth, or to the
 
formation of smectitic clay in the saprolite.
 

Profile and site data given by Dudal (1965) show that "Pellic" Vertisols 
on sloping terrain are more common in high-rainfall regions than in semi-arid
 
regions. In 
some of these cases there may be a combined influence of both
 
parent rock and relatively high rainfall. High rainfall and flooding have 
the same effect on many properties of Vertisols.
 

Hue 2.5Y or 5Y
 

Most Vertisols have a hue IOYR. Some have hues 2.5Y or even 5Y, and 
there are indications that the 
yellow hues indicate wetter conditions, even
 
when chromas remain 2 or higher. Bunting 
and Lea (1962), working in the
 
Kenana area of the Sudan, found that soils in large depressions at the end
 
of long continuous slopes, that were 
flooded for a considerable period every

year, had IOYR5/l, 
whereas those in small, closed depressions, subject to
 
variable and often incomplete flooding, had 2.5Y 4-5/2.
 

In Morocco (Bryssine, 1967) 
and Chad (Pias, 1970) it was observed that
 
"Chromic" Vertisols in flooded sites had 2.5Y or 5Y, whereas those in adjoin
ing areas that were subject to less severe flooding had lOYR. Guy D. Smith 
suggested using the hue in Vertisols as an additional diagnostic property

for wet conditions: chromas of more than 2 could be 
allowed for Pel~usterts
 
in soils that have hue of 2.5Y or yellower.
 

Vertisols on datum sites in the Central Sudan clay plain have hues of 
either IOYR or 2.5Y. Flooding conditions are the same for both hues, but 
soils with 2.5Y seem 
to occur more frequently in areas 
with higher rainfall.
 

Factors that govern soil colour 
in Verti ,,s
 

The origin of the colour of Vertisols has been the subject of many
studies that mainly concentrated on the dark colour (low value) of soils that
 
had low amounts of organic matter. This low value is now generally attributed
 
to organic matter that, complexed with clay and strongly tied to the clay
surfaces, has a strong pigmenting effect. Vertisols with lighter colour

(value 3.5 and above), the Entic subgroups in Soil Taxonomy, occur in drier 
regions.
 

Chroma and hue of the colour are related to drainage conditions. The 
montmoriilonite in Vertisois is often rich in Fe (Paquer, 1970). In situa
tions that allow some internal drainage part of the montmorillonire is decom
posed, ferrous ions are released, and these oxidize 
to ferric oxide. The
 
type of iron oxide formed has a strong bearing on the soil colour (Schwertmann
and TPror, 1977). Iron oxide lormiation in soils is dependent on Fe concentra
tioi. pH, Eh, and temperature. 

Mottling
 

Mottliug in Vertisols usually refers to spot- of redder hue atid/or higher
chroma that are due to accumulations of ferric oxides. '.h:se mottles are 
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sometimes accompanied by "mottles with chroma of 2 or less." Mottles occur
 

either in the ;urface soil, or in the lower part of the solum and the upper 
have mottles throughout the solum.
substratum, or in both; some Vertisols 


In the surface soil, mottles occur as alignments along roots and are
 

restricted to interpedal 
voids. This type of mottling irdicates periodic
 
in Soil Taxonomy, if
waterlogging of the surface soil. It is diagnostic, 

50cm and if it is "distinct or prominent." Unforit occurs in the upper 
on 


mottles. Another difficulty is that brownish/reddish/yellowish features
 

described as segregations, nodules, and the like, may not have the same gene

are always formed in place. Any
 

tunately, field descriptions are not always specific the contrast of
 

tic implication as mottles have. Mottles 


hardened ferric segregation, however, may have been moved upwards from lower
 

soil horizons.
 

Mottling in the surface 50cm occurs more often in "Pellic" than in 

"Chromic" Vertisols. It is diagnostic on the great group level to define 

Aquic subgroups of Chromoxererts and Chromuderts. It is not a defined diag

n6stfc property with Chromusterts and wlfh "Pellic" great groups. Mottling
 

is, apparently, consiJered to be diagnostic for weak hydromorphic conditions,
 

low chroma for more severe waterlogging.
 

It seems that in some areas mottled Vertisols are more common than in
 

others and there is no apparent relation to overall flooding conditions.
 

In large areas of Chad, for example, both "Chrumic" and "Pellic" Vertisols 

have mottle,. whereas in some parts of the Central Sudan clay plain, e.g. 

no surface soil mottling occurs, not even in low-chroma Vertisolsthe Kenar, 
that are . ect to extensive flooding. All Vertisols in the Bor and Kongor 

districts, U per Nile '-ovince, are Pellusterts (ILACA, 1979, 1981). They
t 

cover extenLve floodpli.ins and are submerged for a considerable length of 

time every year. Mottling as rusty alignments along roots is common in the 

slightly acid surface norizons. Some Pellusterts have a slightly alkaline 

surface -;ol and contain calcium carbonate concretions and lack mottling. 

The relation with pli is evident from these examples from the Sudan. 

The Kenana profile is a sodic Pellustert, with ESP between 16 and 37, and 

p11(1120, 1:5) between 9.2 and 9.7. Ponnamperuma et al. (1967) have shown 

that at pl above 8 the mobile ion Fe" + aq, is practically absent. Concentra

tion of ferrous iron to forn mottles upon oxidation to ferrix oxides will, 

under these conditions, not t-,ko place. 

Mottles in the lower solum and upper substratum have often been des

cribed, both in "Chromic" and in "Pellic" Vertisols (Findlay er al., 1964; 

Bryssine, 1967). In the Vertisols of the Central clay plain and the Nuba 

Mountains clay plain, Sudan, F;uch mottling usually consists of fine segrega

tions of ferric and manganese oxides, soft and hard concretions, and coatings 

on peds. Calcareous concretions occur impregnated and coated, apparently 

manganese compounds (Blokhuis et al.., 1968/1969)."in situ," by ferric and 
Very often chromas are abov 2 and there is no indication of an increase in 

intnsity of the(- "hydromorphic conditions" with depth. 

Some of thu 1.udan Vertisols with mottled subsoil overlie weathering rock 

at shallow depth, and the "hydromorphtc appearance" may be due to the varie

gated coLour of a saprolite. But, it may also be due to pseudogley. Per

colating water may stagnate on a -ocky substratum or other impervious layer 

and build a perched wa::ur table. 
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Other morphological indications
 

A poorly drained Vertisol may differ from a better-drained one in
 
several morphological properties that are induced by the longer wet and
 
the shorter dry period. Several of these. properties, alone or in combina
tion, affect soil structure (Blokhuis, 1982) and could. therefore, in prin
ciple, be used as morphological criteria for hydromorphic conditions.
 
It is, however, doubtful whether the correlations that have been found
 
are of more than local importance; in most cases they seem to result from
 
a specific combination of environmental factors. Besides, they cannot
 
easily be quantified. A few examples may illustrate this.
 

When flooding is confined to "slick spots," the high exchangeable sodium
 
present will affect the 
soil structure. Pods will be larger, intersecting
 
of slickensides less well expressed and a surface crust may replace the mulch.
 
These modifications from the "central concept" of Vertisol structure 
are due
 
to the greater shear and tensile strength of Na-montmorillonites as compared
 
with Ca-montmorillonites (Warkentiti and Yong, 
1962; Dowdy and Larson, 1971).
 

In Chad Audry (1968) and Bocquier et al. (1968), mapped soil associations
 
appear in which 
drainage was the essential variable factor. Self-mulching
 
Vertisols grade through Vertisols with coarser textured surface soil into
 
either hydromorphic soils or sodic soils. Either or both of 
 the shorter
 
period of disiccation and the increased sodicity could explain the coarser
 
structure of the more poorly drained soils.
 

WATER MOVEMENT IN VERTISCLS
 

The subsoil of many Vertisols shows mottles, and the nature and origin

of this "hydromorphic appearance" merits discussion: Are these mottles induced
 
by percolating surface water, or are they due to a groundwater table or
 
perched water table? And this brings us to the more general problem of the
 
feasibility of phreatic levels in Vertisols.
 

Influence of vertical cracks
 

An important aspect of the water movement in Vertisols is related to
 
the anisotrophic morphology of these 
soils due to the presence of vertical
 
cracks and oblique macropores between slickensided ped surfaces. Ritchie
 
et al. (1972) found that small-diameter cores gave too low values for the
 
hydraulic conductivity in Vertisols, because the effect of the large cracks
 
appeared underrated. Blake CL al. (1973) observed that when water was added
 
at the surface of a Pelool (a Vertisol-like soil in Germany) most of it flowed
 
down along the walls of cr3cks, bypassing dry or moist soil inside slowly
 
permeable peds. Buoma and Dekker (1978) introduced the term "short
circuiting" for this flow of free water in unsaturated soil. In field experi
ments conducted in riverine soils in the Netherlands, they showed that while
 
the surface soil remained relatively dry, flow through continuous cracks con
tributed to wetting of the subsoil and a rise of the groundwater table. Flow
 
of water in such soils cannot be described by using Darcy-type flow theory,
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and water tables cannot be observed by unlined boreholes (Bouma et al., 1980).
 

Vertisols differ from the soils studied by Bouma and co-workers in the
 

length of time that cracks are capable of conducting tree water to the sub

soil. In strongly self-mulching Verti.ols, cracks, at the end of the dry
 

season, are covered up at the surface by fine aggregates. Short-circuiting
 

will be limited, as the surface mulch functions as a light crust (Bouma,
 
are open at the surface, considerable short-circuiting
1982). When the cracks 


can be expected in the early stage of wetting, but soon the swollen soil will
 

act as a barrier against water entry. At the same time, cracks close, parti

is being wetted from above. During the (short) period
cularly in soil that 

that large cracks are filled with water at atmospheric pressure, a discon

tinuous perched water table develops. This "water table" is only present
 

at the sites of cracks, and is, therefore, fundamentally different from a
 

water table in sand. In fact, the use of the term "water table" is quite
 
debatable in this case.
 

In the later stages of wetting there is only unsaturated flow from the
 

wetted surface and from the cracks. The unsaturated flow is, in VertistIs,
 
very Elow and not far-reaching (Lewis, 1977), even when there is an unlimited
 

supply of water from the surface (Farbrother, 1972).
 

Lateral flow
 

Limited though ir may be in most Vertisols, it is feasible that unsatu

rated flc4 of water reaches depths well below the cracking zone. This water
 

could generate a groundwater table, or induce the slow rising of an existing
 

one. 
 Talsma and Van der Lelij (1976) found that in irrigated rice fields
 

significant imounts of water bypassed sections of the unsaturated topsoil,
 

and contributed to rising water tables. The soil studied Australian
was an 


swelling clay soil, but no details on its morphology were given. In the Sudan
 

Gezira, such deep penetration of surface water is only known under exceptional
 

circumstances; Farbrother (1972) found that water penetrated to 9 m depth
 

under an unlined irrigation canal that was known to have been full f(,r at
 

least 35 years.
 

Most observations in the Gezira on "normally" irrigated areas show, how

ever, that moisture contents below I m depth are constant at about 20-25%, 
which equals the moisture held at wilting point. Yaalon and Kalmar (1978) 

found no deep penetration of water in Israel Vertisols between 2 and 6 m 
depth.
 

The possibility that a groundwater table develops in a smectite clay
 
(a phrearic level in connection with
sediment from a lateral supply of water 


a lake or river surface) has to be rejected on the grounds that lateral move

ment of water in Vertisols is negligible. It is well known that subsurface
 

drainage in Vertisols by ditches or tile drains is practically impossible
 
(Dudal, 1965).
 

Influence of montmorillonitic clays
 

Bocquier (1973) considers the absence of a groundwater table a character

istic feature of clay plains in subhumid to semiarid regions that have,
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typically, a dominance of montmorillonitic clays. These 
clayey sediments
 
will act as impermeable screens to 
both vertical and lateral movement of
 
water, due to the swelling of the clays upon wetting. Only perched watcr
 
tables can 
develop or there is merely a surficial wetted soil body. In the
 
Chad basin 
such clay plains, with Vertisols, cover considerable areas. These

plains are inundated in the wet season, subsequently subject to strong desic
cation, and there is no building up of a water reserve at some depth. In
 
toposequences described 
by Bolet (1978) in Upper-Volta, the upper members
 
(Inceptisols, Alfisols) have a groundwater table. This phreatic level emerges
 
at the footslope. The lowest members of the catena, below 
the footslope,
 
are Vertisols that are subject to 
surface hydromorphism only.
 

As a preliminary conclusion, it may be 
stated that groundwater in Verti
sols is undefined by any 
operational definition, as no hydraulic equilibrium

can be reached; "groundwater" in profile descriptions probably refers in most 
cases to free water flowing in a coarser-textured substratum, and "gleyed
subsoil" to a clayey horizon where hydromorphic conditions are the result 
of capillary water rising from such a waterbearing layer.
 

However, there are references to groundwater being present in the solum
 
or in a substratum that consists of smectite clays.
 

Kerkhoven and Jelley 
 (1964) described Vertisols of the Kafue Flats
 
Polder, Zambia. 
 These soils have wide cracks till 90 cm, but are "permanently

wet, uncracked and almost totally impermeable" below about 
120 cm. This des
cription suggests the presence 
of an unripened watersaturated mud, probably
 
consisting of montmorillonitic clays.
 

Filipovski (1974) 
found that in alluvial plains in Yugoslavia, with heavy

montmorillonitic 
 clays, Vertisols (Smolnitzas) occurred 
next to nonvertic
 
hydromorphic soils. The latter 
are continuously wetted by groundwater; 
the
 
former are subject to superficial desiccation sufficient 
to induce pedoturba
tion. Filipovski does not make clear in which way 
both soil types are geo
graphically related, 
 and at whit depth and in which kind 
of soil material
 
phreatic levels are 
found in the Smolnitzas.
 

The Smonitzas in the Banat plain 
of Western Rumania are thought to be
 
of hydromorphic 
origin. Extensive areas of marshland covered this plain

before reclamation began in the 
 18th century. Smonitzas have formed in a
 
depressed area of the plain with a perfectly level relief. The profile demon
strated on 
the occasion of the 8th International Congress of Soil Science
 
in 1964 (Guide Book of Excursions, Vol. Ii, Tour 
II, profile 16) as a lumic-

Gley soil was, in fact, a true Vertisol. It had a groundwater level at 170
 
cm. There are apparent similarities between this occurrence and that in the
 
Kafue Polder, Zambia.
 

It is, at. first sight, surprising that a Vertisol with 
deep desiccation
 
cracks overlies a watersaturated substratum at rather shallow 
 depth (120

to 170 cm). But there are similar observations elsewhere, e.g. in nonvertic,
 
but cracking, fine-textured riverine soils 
in the Netherlands. Bouma and
 
De Laat (1981) found that upward movement of water in 
these soils was reduced
 
by horizontal cracks that act 
as barriers. In Vertisols the 
subhorizontal
 
planar voids that develop between slickensided ped surfaces may have 
the same
 
function.
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CONCLUSIONS
 

1, 1.5 or less, or 2 or less) is not a
Low chroma (whether defined as 


reliable indicator of poor or very poor drainage unless it is used in combina

tion with the length of time that waterlogging conditions exist in the surface
 

soil. 
 Slope cannot be estimated accurately enough to indicate the minor varia
a longer
tions in topography that determine whether a site is flooded fnr 


or shorter time.
 

Vertisols formed "in situ" on hillslopes may have inherited
Low chroma 

their colour from the parent rock, but an origin due to waterlogging as a
 

result of very slow internal drainage is also feasible.
 

Hues yellower than IOYR indicate hydromorphic conditions in some cases,
 

and drainage is not significant.
but the relationship between hue 


reiatee to the type

Hue and chroma in Vertisols are probably strongly 


of iron oxides present and their concentration.
 

surface 50 cm" is a property that
"Distinct: or prominent mottling in the 

many flooded Vertisols
indicates waterlogging conditions. However, severely 


show surface mottles; the absence of mottling in such '.,!rtisols is
do not 

Mn2 +  in an environment with 
probably caused by the immobility of Fe+ and 

high pH.
 

Mottling in the subsoil or the substratum may indicate the presence of
 

situ" weathera transient perched water table. It may also result from "in 

ing of primary minerals. 

Other morphological parameters that could indicate poor drainage, such 

structure and sodicity, are not (yet) operational; they cannot easily
as soil 

by local ractors. These propertiesb' quantified and seem to be influenced 

could, perhaps, be diagnostic on a low categorical level or be used in soil 

mapping.
 

Groundwater tables in Vertisols cannot be defined.
 

the solum are feasible as a collectionTransient perched water tables in 

water at the sir.es of vertical cracks, standing above an
of cores of free 
unsaturated subsoil withouL macroporosity.
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THE WATER/AIR REGIME OF SWELLING/SHRINKING SOILS
 

E. Schlichting
 

It is generally known that Vertisols (cf. Dudal, 1965) and Pelosols
 

(cf. Schlichting, 1968) are characterized not only by certain mineral
 
materials (with a high clay content and CEC, which often are lithogenic),
 
but also by a typical pedogenic variation of their structure in space anJ
 
time. Despite this, these soils are frequently characterized by features
 
of their material instead of their structure and in the latter case, by
 
methods which are adequaLt for rigid matrices only. It shill be shown
 
in this paper that the results of such analyses do not contribute sufficiently
 
to the understanding of these soils having an elastic matrix, and often
 
even are misleading. If not stated otherwise, the figures are taken from 
the dissertation of D. Gaese (1979). She investigated + pseudogleyed (Pg) 
Pelosois (Pe), corresponding with aquic Haplumbrepts to-Eutrochrepts, from 

Keuper (kml ) or Dogger (b.) ± marly clays (MeT) on plateaus or slopes under 
spruce (Fi) or beech (Bu). For three typical profiles humus ond clay con
tents, apparent density and pore size distribution of the swollen horizons 

(PWP = permanent wilting point, tension > 15 bar, aWC = availab, water 
capacity, 15-0.33 bar, AC = air capacity,<0.33 bar; all as % v/v) are snown 

in Fig. la (taken from Gaese and Schlichting, 1975).
 

CONSEQUENCES OF CHANGES IN PORE VOLUME
 
AND PORE SIZE DISTRIBUTION
 

From Fig. lb it can be derived that a decrease in the amount of water
 
(WV, here as 1/m, from neutron probe measurements) in the solum is followed
 
by a decrease of the pore space (PV, here as I/m2 , calculated with specific
 
weights and apparent densities from y -probe measurements) and vice versa
 
(thus causing a "breathing" of such soils with an oscillation of their
 

surface of about 6-8 cm). Expectedly the amplitude is larger under beech
 
than under spruce and a time lag during the growth scason is more pronounced.
 
The latter is valid also for the shallower soils I and 2, due to the slower
 
reaction of the denser CVl-horizons to changes of evapotranspira':on:
 
precipitation. This can be derived from the primary data (not shown jcre),
 
and also that, in the average of the year, the pore volumes of the hcrizons
 
are lower than those determined in the laboratory.
 

Thus, the air volumes (AV, as % v/v) calculated in the usual way,
 

i.e. from PV-WV (both as % v/v), taking the same PV data as measured once
 
with wet(ted) samples (see Fig. 2c). This means an overrating of the air
 
volume in such (sub)soils by the conventional method.
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When and where the pore volume decreases less, more cracks are formed.
 

This change in the pore size distribution, however, does not only increase
 

the share of coarse pores but, according to measurements of Schweikle (1982)
 

with a Hg porosimeter, that of the fine pores as well (see Fig. 3), both
 

at the expense of medium pores. This means an increase of the PWP and,
 

thus, an overrating of the available water volume (aWV) calculated from
 

WV-PWP, probably mainly in the topsoil.
 

These data show that ii such soils AV or the air capicity (AC) cannot
 

be escimated by subtracting WV or the water capacity (WC) from PV, and
 

aWV or aWC not by subtracting the PWP from WV or WC assuming that in the
 

equations
 

PV = AV+aWV+PWP and PV = AC+aWC+PWP
 

for a given soil horizon only the actual values for AV and aWV are changing,
 

the others being the same as measured once with wet(ted) samples. Porosity
 

and pore size distribution of the horizons rather depend on their position
 

in tke profile and the weather as well.
 

EFFECTS OF DRYNESS AND HEAVY RAINS
 

The drier these soils, the more coarse interaggregate pores are formed 

in the topsoil and the deeper and wider the cracks extend into the subsoil, 

thus causing a good aeration in the former and a deep one in the latter 

(Stirk, 1954). This leads at firsr to a streaky aeration mosaic. With 

increasing formation of cracks, their walls act as additional evaporation 

surfaces (Adams and Hanks, 1964), and these soils may desiccate even at 

depths much more than such a coarser primary pore system ("cracking 
1


drought"). On the other hand, cracking may decrease a runoff and increase
 

the infiltration (Johnson and Hill, 1944).
 

When heavy rain falls with an intensity exceeding the infiltration
 

rate of the aggregates, part of the water moves more or less in the inter

aggregate pores, thus causing at first a streaky moistening mosaic leading
 

to a sharp decrease of tensiometer readings, followed by a slow increase
 

and again by a sharp increase after every heavy rain, like a fever curve
 

with gradually decreasing maxima (Gaese et al., 1976). This can also be
 

seen in Fig. 4, where the tensions as derived from suction curves and aqtual
 

water contents or as measured directly are shown. The nonequtlibrium means
 

that under these conditions plants can absorb more water (and get less
 

air) than is to be derived from WV-PWP (PV-WV).
 

The water can also move downwards much faster in the interaggregate
 

than in the intraaggregaLe pores, leading to a by-pass (Blake et al., 1973).
 

This can already be seen in Fig. 4, but can be demonstrated more clearly
 

with the HTO distribution in the soil after irrigation with 50 mm of tagged
 

This possibly explains the deeper weathering of sulphides than of carbonates
 

in these profiles.
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water, shown in Fig. 5. After less than 24 hr more than one-third of the
 

water reached a depth below 60 cm. This means that rain which under con

ditions of layered infiltration would have been held mostly in the upper
 

20 cm can substantially contribute to the leaching of solutes from the
 

surface.
 

Such peculiarities are to be expected more the higher the COLE values
 

of the soil are and the less evenly the rain is distributed. To demonstrate
 

this, for a Vertisol from Morocco investigated by Bryssine (1966), the
 
plant-available water (WV-PWP) was calculated assuming that the soil had
 

always the same pore size distribution as the swollen samples (Fig. 6,
 

upper part), and the seepage water (WV-WC, here only data for pF 2.7
 

available) assuming the soil had the shrunken structure during the whole
 

time (Fig. 6, lower part). It can be seen that in the former case the
 

plants would have been supplied with water only during short periods (whereas
 
actually they were provided sufficiently for considerable yields) and that
 

in the latter a seepage would have occurred during an even longer period
 

(of the bypass type in the beginning of the wetting cycles).
 

Only continued rain will wet the soil homogeneously (some heavy showers
 

first from the bottom up and then, or after many light showers, from the
 

surface down) and thus create the swollen condition. Then the aeration
 

is very poor even at WV=WC ("adhesion stickiness"). But in well-aggregated
 
Ba-horizons this scarcely ever will be the case (cf. Blokhuis, 1982).
 

CONCLUSIONS
 

Pore volumes and pore size distribution or suction curves and air
 

or water conductivity data as determined normally with swollen soils represent
 

just one boundary for the water/air regime of swelling/shrinking soils;
 
the other is the corresponding set of data for the shrunken state. Since
 

the actual conditions depend on the course of precipitation:evapotranspiration
 
rather than the static concept of air and water capacity and permanent
 

wilting point, a dynamic approach with the aid of computer models is needed
 

for a prognosis. This is not only of theoretical interest but has practical
 

implications as well (e.g. increase of water reserves by accentuation or
 
prevention of cracking, irrigation more frequently with small or less with
 

high doses?).
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Fig.5 Yield of Tritium (% of supply) 
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ASSESSMENT OF SOIL SALINITY AND ALKALINITY 

I. Szabolcs
 

Roughly one-tenth of the continents it;covered by saline and alkaline 

soils. Their distribution is uneven; in some regions they occur seldom or 

not at all, while in other regions they are very common, sometimes dominant. 

When speaking of the distribution of -iline and alkaline soils in dif

ferent areas we have to look at those geochl.:ical features of the landscape 

which influence the development of salt-affected soils.
 

SALT ACCUMULATION IN DIFFERENT LANDSCAPES
 

salt accumu

lation in soils and waters. As a result, the formation of salt-affected 

,oils in desert and semi-desert regions is quite a common phenomenon. The 

,aucumulation of electrolytes in soils is, however, a complex process which 

It is known that arid and semi-arid conditions contribute to 


cannot be interpreted as a simple consequence of climatic effects. The
 

hydrology a,; well as hydrogeology and geomorphology of a given area have
 

influence on salt migration in waters and grounds. The integrated 

effects of environmental factors determine the trend of salt migration and 

the balance of soluble products accumulating in soil layers. 

substantial 

Based on the land. :-cape geochemistry studies of Kovda (1946-1947), Polinov 

(1956), and Szabolcs (1981), the following landscape types can be distin

guished as geochemical regions of salt accumulation in soils. 

Table I. Scheme of landscape geochemistry of ;alt-affected soils.
 

Dominant Type
Landscape 	 Main Chemical 

Type of Salt of Salt-Affected
 

Accumulation 	 Soils
 

Solonchak
Salt dome 	 NaCl 


Solonchak
Maritime 	 NaCI 


So lonchak,
 
Solonetz
 

Deluvial 	 Na2SO4, NaHCO3 


Solonchak
River deltas 	 NaC1, Na2 SO4, 

NaHCO3, Na2C03
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Table 1. (continued)
 

Landscape 
 Main Chemical 
 Dominant Type

Type of Salt 
 of Salt-Affected
 
Accumulation 
 Soils
 

Dry deltas 
 NaCl, Na2SO4 
 Solonchak,
 

Solonetz
 

Alluvial plains 
 Na2SO4 , NaCI Solonchak,
 
NaHC0 3 , Na2CO3 
 Solonetz
 

River terraces 
 NaHCO3, Na2CO3,
 
Na2SO4 , NaCl 
 Solonchak
 

Salt lakes and 
 NaCl, Na2SO4 , 
 Solonchak
 
marshes or swamps 
 Na2CO3
 

As can be seen 
in Table 1, different landscape types are associated with
different chemical and pedological types of salt accumulation as well as with
different 
soil types. In several landscape types the climatic conditions

have substantial influence 
on the chemistry and magnitude of salinity and
alkalinity. In alluvial plains, for 
ins:ance, Na2SO4 and NaC1 accumulate
in arid regions, resulting in Soloncak soils, while in more humid 
areas

Na2CO3 - NaHCO3 accumulation prevails, assoziated with Solonetz soils.
 

Saline and alkaline soils develop 
in different climatical as well as
geochemical regions, influencing the 
genetics and properties of many soil
types. In the legend of 
the Soil Map of 
the World and in Soil Taxonomy the
term "Saline phase" or "Sodic 
phase" indicate the occurrence of salt accumulation in different soils. 
 If, due to natural or antropogen factors in soil
formation, the accumulation of salts is progressive from the given soil 
in

saline phase or alkaline phase, Eolonchak or Solonetz may develop.
 

INFLUENCE OF SALINITY AND ALKALINITY
 
ON DIFFERENT SOILS
 

As is clear 
from the foregoing, salt accumulation in soils is always
associated with certain environmental conditions. 
Given the climatical, hydrological and geomorphological properties 
of the landscape, the soil material,
whose composition and pattern we express as 
type, or in other taxonometrical
 terms in our classification 
systems, is primarily exposed to the influence

of increasing or decreasing salt concentration in the soil solution. 
 As a result of interaction of salts with 
3oil material, different kinds of saltaffected soils develop. 
 For example, it is well known that in the environment
of arid soils Solonchaks are frequent and no Solonetz can 
be found in deserts
and semi-deserts. On 
the other hand, in alluvial 
plains and river terraces
of the moderate climate 
areas Solonetz 
is the prevalent type of salt-affected
 
soils.
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chemistry of soil salinization and alkalinization, two main
Regarding the 

climate and landscape
factors determine the dominant chemical type ot salts: 


or CaSO4,
geochemistry. These factors determine whether NaCi, Na2SO4, Na2CO3, 


in the processes of salt accumulation.
MgCl2 , MgSO4 will prevail 


other factors of soil formation influence
The parent material as 	well as 

extent they determine
salts and soils. To a great 


result of such interactions. To mention
 
the interaction between 


which pedological type will be the 

soil will never form in coarse sands because the


just one example, Solonetz 

amount of highly dispresed soil
 

development of this type demands a certain 


material.
 

If we want to understand the reguiarities of salinization and/or alkalini

soil region, especially if our aim is to mitigate or to
zation of a given 

the processes affecting production, it is necessary to study the
 
arrest 


types affected by the accumulation of electrolytes.

peculiarities of the soil 


SOME ASPECTS OF SALINITY
 

AND ALKALINITY IN VERTISOLS
 

Some

Vertisols are widely distributed in different climate regions. 


similar to those of the Solonetz soils: high clay

of their properties are 


In some places it is difficult
 
content, cracking, high water retention, etc. 


on the basis
 
even to make a clear distinction between Solonetz and Vertisol 

of a superficial land survey.
 

In many cases, Vertisols are affected by salinization and/or alkaliniza

general; still there are many uncertain
tion. This process is 	 well known in 

where the influence of electrolytes on Vertisols is 
ties and shortcomings 

concerned.
 

of NaCl and Na2SO4, is very inten-
When the accumulation of salts, mainly 

them in the top soil horizons exceeds certain
sive and the concentration of 

develop. In such cases,

threshold limits, Solonchak or saline soils will 


the type of the original soil material, the

practically independently from 


only the pedological

effects of the high salt concentration will determine not 


as well as the agronomical valuethe chemical properties,pattern, but also 
of the soil.
 

when tihe concentration 	 of electrolytes which
The picture is not so clear 

low. In such cases the sodium on the Vertisol is comparatively 
which is always abundant in Vertisols.

have effects 
ions react to the soil clay material, 

In spite of the large number of papers and books describing the rate and 
exhaustive

character of ion exchange processes in soils, we still lack an 

study of the characteristics of many practical consequences of this phenome

different in different soils (Richards, 1954).

non, which are somewhat 


effects will develop in the soil in proportion to the percentage
Adverse 

ions (ESP). It is generally accepted that ESP

of these exchangeable sodium 
15 result in the formation of columnar B horizon in soils,

values of over 
of water

is associated with the degradation of soil fertility, the decline 

physical properties and growing sensitivity to drought. However, it was ob

of exchangeable sodium
served in many countries that the negative effects 
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ions sometimes also appeared when 
the ESP value was lower than 15, while in
other cases, in spite of values of 20-25 
or even higher, ESP soil fertility
remained acceptable. In 
all probability under different soil 
conditions,
when thL 
soil type, the mineralogical composition, 
organic material,
are diverse, the threshold values 
etc.
 

of ESP should be less generalized for all
soils, 
but more associated 
to the given soil conditions. 
 Further studies
in this direction are important 
not only theoretically, 
but also with the
proper evaluation of salt-affected Vertisols and other soils 
in view so that
methods can be elaborated for 
their utilization and amelioration if possible.
 

As long as the results of basic studies on the impact 
of salinity and
particularly of alkalinity on 
different soils are 
not available, iocal experience should be 
the guideline to estimate 
the ESP values for the purpose
of pedological as well as 
practical conclusions.
 

In close relation 
to the effect 
of ESP in Vertisols, the chemical type
of sodium salts 
and their influence 
on soil properties 
should also be studied
 
more in the future.
 

Most of the available technical 
literature, particularly the papers
cussing irrigation, disdeal with the problems of salinity induced 
by NaCl and
and Na2 SO4. However, in many places, and often 
in Vertisols, the sodium 
ions
capable of alkaline hydrolysis prevail. 
 The alkali medium, which often occurs
in Vertisols, benefits 
the dominant aztiuns 
of sodium ions. 
 In such cases
 even may affect
low sodium concentration 
 soil colioids very intensively, and
have a detrimental effect on 
soil properties and fertility.
 

Figures 1 and 2 illustrate the specific effects of 
different sodium salt
solutions conducted on 
a Vertisol from the 
Hungarian Plain (Szabolcs, 1969).
 

The experiments were carried 
out in soil columns 
treated with different
soil solutions (concentration: O.1 N). 
 After the treatments, we measured
 
the water permeability cf 
the soil column.
 

The data 
in Figure I show clearly that, while the 
solutions of NaCl and
Na2 SO4 decreased the permeability 
of soils only moderately, 
the Na2 CO3 solu
tion made them practically impermeable.
 

In Figure 2 the 
effect of different 
solium salt solutions 
on sol aggregation is demonstrated. 
 We measured the Vageler-factor in different 
layers
from 0-70-80 cm, in untreated soil as 
we.l as in soils treated with NaCl,

Na2 SO4 and Na2 CO3 respectively.
 

The Vageler-factor 
= C /a-b/lO0 where:
 
b
 

a = the amount 
of the irreversible microaggregates on basis of the
 
mechanical analysis
 

b 
 the amount of the irreversible microaggregates on basis of the
 
microaggregate analysis.
 

The results of the experiment shown in 
Figure 2 demonstrate that the
destruction of 
soil aggregates was 
more intensively affected 
by NaCO 3 than
 
by Na2 SO4 or NaCl.
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Figure 1.Water pereabi ity of soils treated with different salt solutions. 
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Figure 2. The structure factor of Vageler in the soils treated with different
 
salt soluticros. 
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ENVIRONMENTAL CONDITIONS
 

salinity and/or 	alkalinity, environmental conditions
When assessing soil 


must be always taken into consideration. As salinity 
and alkalinity 	occur
 

in different climatical, hydrological, and geological conditions, there are
 

for the fight against those adverse processes. Also the
 
no uniform methods 


as well as the patterns of farming in
economical conditions of a given area 


the strategies to be elaborated for dealing with
 
fluence substantially 


salinity and alkalinity.
 

Rainfed ariculture
 

Rainfed agricultural production in salt-affected soils is possible mainly
 

valleys and alluvial plains salinity and
 
in nonarid conditions. In river 


alkalinity often occur in semi-humid, but also 
in humid regions. If the
 
salts from
 

annual precipitation is not sufficient for the removal of excess 


profile, drainage and in some cases supplementary irrigation should
 
the soil 


gain yield on salt-affected soils. Under moderate

be applied in order o 


the yearly distribution of precipitation is often good

climatic conditions 


salt balance in soil in such 
a quasi-equiliand sufficient 	for keeping the 


brium that the 	plants can tolerate the salinity and/or alkalinity (interna

tional Source Book, 1967).
 

Where the salt concentration of soils is comparatively low and the main
 

problem s alkalinity resulting in poor water-physical conditions, mainly
 

For the reclamation of alkaline soils the
 
the Solonetz soil types occur. 


a well known and widely employed method.
 3pplication ol cheriAcal amendments is 

acid products is
 

In nonarid fonditions the application of gypsum and other 


even without irrigation. 
 Due to the low degree of
 
sometimes etfective 


improvement

salinity in many cases even moderate doses of gypsum result in the 


of soils.
 

in the last decades the by-products of industry, like phos-
Particularly 

etc., have
 

phorgypsum, different 112SO4 products, iron sulphate, sulphur, 

to their availability and
 gained popularity in their application, partly due 


cheap price.
 

the U.S.A., Canada, Hungary, Argentina, etc.,

In some Solonetz soils in 


the soil is slightly acidic, the application of CaCo3
where the horizon A of 


and industrial by-products containing such substances is usual.
 

Irrigation
 

salinity 3nd alkalinity has been well
 
In irrigated areas, the problem of 


years. The decay of many ancient civilizations

known for many 	thousands of 


with the so-called secondary 
salinization and alkalinization
 
was associated 

of irrigated soils.
 

cases provokes

Under arid and semi-arid conditions, irrigation in most 


have good natural drainage that

It is only in soils which
salinization. 


result in salt accumulation.
irrigation does 	not 


259
 



Before constructing irrigation systems 
in arid conditions, a special

survey of soils, hydrological, geological and 
other environmental conditions
should be conducted in order to 
predict the consequences of irrigation. 
Poten
tial salinization due to irrigation should be predicted and 
if the hazard
is considerable, the 
spots to be irrigated should be selected where the 
pos
sibility of adverse processes is less or where they 
can be controlled.
 

Table 2. Scheme of recommended methods for the contrnl of salinity and alkali
nity in irrigated areas.
 

Before construction of irriiion system:
 

Preliminary Survey
 

Landscape 
 Planned Irrigation
 

climate 
 alailable irrigation
 
hydrology 
 water - quantity and quality

hydrogeology 
 groundwater 
- depth and quality

geomorphology 
 technology of irrigation cropping
 

patt rn
 
soils 
 tolerance
 

During Irrigation:
 

Monitoring
 

salinity and alkalinity of soils
 
ground water table
 
chemical comp. of groundwater
 
chemical comp. of irrigation water
 
filtration
 

physical soil properties
 
possible toxic elements in soil and
 

watcr - B, etc.
 

Table 2 shows that the 
prediction of secondary salinization and alkalinization of soils to be irrigated 
should be based on a preliminary survey of
the landscape and soils before 
the construction of irrigation systems. This
 
way it is possible 
to take the necessary steps for preventing these adverse
 
processes.
 

During the irrigation, a well-organized monitoring 
of soil and water
properties is necessary in order to 
notice the changes, if any, and to make
precautions if necessary. The methods 
for monitoring, the timing, and places

of sampling depend on local conditions.
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SUMMARY
 

Soil salinity and alkalinity may develop in different areas and associate
 

with many soil-forming processes. Depending on soil types and local environ

mental conditions, salinity and alkalinity influence the soil and the land

scape diversely.
 

Arid conditions contribute to salinization, but particularly alkaliniza

tion; these also occur in semi-arid and semi-humid areas.
 

The threshold values of ESP causing poor water-physical properties in
 

soils have not been exactly elaborated. In many cases, e.g. in Vertisols,
 

anomalies have been observed in application of 15-20 ESP values as characteris

tics for Solonetz soils. Research aiming at a more precise understanding
 

of the interaction of cations with soil colloids should be done, giving more
 

consideration to the different soil types.
 

The management of salinity and alkalinity of soils is different in rain

fed and in irrigated conditions. Secondary salinization and alkalinization
 

are old but growing h3zards in most irrigated areas. Preventive means and
 

permanent monitoring are necessary to control these processes.
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USTOLLIC, XEROLLIC, AND BOROLLIC SUBGROUPS
 
OF ARIDISOLS
 

K.W. Flach, W.D. Nettleton, and J.D. NAchols
 

The impact of recognizing ustollic, xerollic, and borollic subgroups
 
of Aridisols (designated "mollic subgroups" for ease of discussion) on the
 
complexity of Soil Taxonomy, the adequacy of the current definition and justi
fication for mollic subgroup in terms of soil genesis and soil interpretations
 

are examined.
 

It was found that the use of sand/clay ratios in the definition of mollic
 

subgroups can lead to absurd results and to unsatisfactory groupings.
 

At this time, the distinction between ustollic and xerollic subgroups
 

has nor been quantitatively defined. In the U.S., this distinction can be
 
made relatively easily because of fortuitous geographic relationships, but
 

such conditions may not exist in other parts of the world.
 

The usefulness of mollic subgroups in improving the structure of the
 
order Aridisols was examined on the basis of the number of soil series in
 
various taxa in the United States. Abolishing mollic subgroups would reduce
 
the number of subgroups in the order Aridisols from 94 to 55 and would cause 
an undesirable increase in the number of soil series in only three families. 

Currently, in the U.S., we recognize only one soil series in more than 
half of the 650 families in Aridisols; in only 10% (64) of the families, more
 
than four soil series are recognized.
 

The genetic significance and practical usefulness of mollic subgroups
 
and the significance of current diagnostic criteria was evaluated on the basis
 
of three studies. These studies related organic matter content to range pro
ductivity, climate, and clay content. In one of these studies, it was found
 
that organic matter content is highly correlated with clay content and not
 
with climatic parameters. In the other two studies organic matter content
 
was highly correlated with mean annual precipitation and range production
 
but not with clay content or sand/clay ratios. An attempt was made to
 
reconcile these conflicting conclusions. It was concluded that the recogni
tion of mollic subgroups is of genetic and pvactical usefulness and that
 
organic matter content can be used as a diagnostic criterion with amount of
 
vegetation serving as field evidence in mapping. Clay content may be useful
 
as a diagnostic criterion to keep associated soils in parallel subgroups but
 
the available data were inadequate to develop a firm recommendation.
 

Establishing different critical values for sandy, loamy, and clayey soils
 

may be more satisfactory than the present criteria. No strong evidence for
 

maintaining the distinction between xerollic and ustollic subgroups is
 

available now but range scientists would recognize differences in the com

position of plant committees for the two subgroups.
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THE HYPERCALCIC HORIZON
 

R. Tavernier and H. Ilaiwi
 

Pedogenic accumnlation of carbonates in soils occurs when sources of
 
carbonates are present and when soil moisture conditions are conducive to
 
their accretion. In fact, large areas in the world (particularly in arid
 
and semi-arid regions) are covered by soils having horizons of lime accumula
tion. The accumulation may take place over extended periods of time with
 
often recent additions of carbonates superimposed over previous ones.
 

It is not always easy to distinguish between carbonates that constitute
 
a part of the sediment (the so-called "primary carbonates") and those which
 
have accumulated in a soil horizon as a result of pedogenic processes, such
 
as dissolution, translocation, and precipitation (the so-called "Fedogenic"
 
or "secondary lime"). Pedogenic lime is usually recognized in the soil pro
file as coatings or laminar pendants on pebbles, as concretions or as soft
 
powdery forms.
 

Horizons with pedogenic accumulation of carbonates have a wide range
 
of characteristics. Soil Taxonomy presently recognizes two diagnostic hori
zons of accumulation of calcium carbonate or of calcium and magnesium
 
carbonate: the calcic and the petrocalcic horizon.
 

In the calcic horizon the percentage of CaCO equivalent may vary from
3 

a minimum of 5% (in sandy soils) to a theoretical maximum of 100%. The, dif
ference between a calcic and a petrocalcic horizon is not based on the amount
 
of carbonates but on the presence of a continuous, strongly cemented hard
 
layer which is a barrier to roots. Although soils with a petrocalcic horizon
 
usually have a high carbonate percentage, a great many soils with only a
 
calcic horizon may have as high or even higher contents of carbonates.
 

The calcic horizon is used as a criterion to classify the soils in
 
various categories of the system to separate taxa (generally great groups,
 
sometimes subgroups) without considering the great differences in the content
 
of carbonates that may occur. Thus, pedons dominated by carbornites are
 
grouped together with peiuns where carbonates constitute only a minor part
 
of the soil and this in spite of the fact that the soil potentialities
 
strongly differ. In the present text of Soil Taxonomy the only possible way
 
to make a distinction between these soils is at the family level, namely as
 
a carbonatic mineralogy class. The family category, however, is too low a
 
level to distinguish genetic horizons, as it mainly deals with materials which
 
are not necessarily the result of a pedogenic process.
 

Soils characterized by a calcic horizon with a high carbonate content,
 
but without the indurated petrocalcic horizon, have a wide extension in arid
 
and semi-arid regions. They occur generally on soils older than the Holocene
 
and are often associated on the same geomorphic surface with soils having
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a petrocalcic horizon. On the other 
hand, soils with a weakly expressed
calcic horizon are 
generally situated on younger geomorphic surfaces (terraces
 
or pediments).
 

For those reasons (degree of development and age), it seems desirable
 
to split 
the present calcic horizon of Soil Taxonomy into two individual diagnostic horizons, namely 
a (weak) calcic horizon and a prominent calcic horizon. The latter could be named the "hypercalcic" horizon. As early as
September, 1969, at a meeting in Ghent attended by Dr. Guy D. Smith, a tenta
tive definition of the "hypercalcic horizon" was prepared and the proposalwas made that the calcic horizon limit of 157 carbonate be dropped to 10%.
It was suggested that the hypercalcic horizon would be diagnostic at the great
group level instead of the petrocalcic 
horizon. It was also suggested that
the hypercalcic horizon would be substituted for the petrocalcic horizon inthe definition of Pale- groat groups (and the petrocalcic horizon reduced
for use at the subgroup even the family level).or at This proposal was discussed at a subsequent meeting of the principal correlators in the U.S. in1969, but no decision was taken beyond "the decision to study the impact ofthis suggestion on the classification on the soils of the U.S." (letter of 
Dr. Guy D. Smith of 18/11/1969).
 

One may notice that the Desert Project implicitly recognizes the concept
of the hypercalcic horizon as ihe stage III in the morphogenetic sequencesof carbonate accumulation, characterized by the continuity of the fabric high
in authigenic carbonates. 

Since 
1969, a great many (and sometimes very detailed) studies have been
made of horizons which would qualify for 
a "hypercalcic" horizon, 
not only
in the U.S. but also in other countries such as Morocco (A. Ruellan, H.
Chanem), Algeria (T. Boyadjiev, N. Belouam, B. Dekkiche), 
Tunesia (Cocque),
Lebanon (A. Osman), Syria (M. Ilaiwi), etc. This horizon corresponds roughly
to the horizon of"encrotement calcaire" in a profil"Sols calcaire fortement 
diff~renci6 sans croGte calcaire indr~e" of Ruellan.
 

The Fifth International Soil Classification Workshop may 
resume the discussion on the adoption of a "hypercalcic horizon" which is characteristic

of large extensions in arid and semi-arid regions. In order to facilitate 
the discussion, a tentative definition is given below.
 

"The hypercalcic horizon is 
a horizon of accumulation of calcium carbonate or of calcium and magnesium carbonate which is 15 
cm or more thick, has a carbonate equivalent of 50 percent or more
in the fine earth fraction or percent more in the60 or fraction
finer than 20 mm and contains more than 50 percent by volume of 
identifiable 
pedogenic carbonates such as pendants on pebbles,

nodules, concretions, clusters, 
plates or soft powdery forms."
 

If such a definition were accepted, 
it might be useful to consider

the petrocalcic 
horizon as an indurated phase of the hypercalcic horizon

and the definition of the hypercalcic should also include the present defini
tion of the petrocalcic horizon.
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if the hypercalcic horizon is recognized as a diagnostic property,
 

at which level it should be used in the classification.
one should also decide 

In Soil Taxonomy calcic and petrocalcic horizons are (except in the Incep

great group level, either as Calci- or as Pale- great
tisols) diagnostic at 

groups. Soils having an argillic horizon are classified into the Pale

great groups on the basis of specific properties of the argillic horizon
 

or due to the presence of a petrocalcic horizon. In soils without an argillic
 

horizon, only the presence of a petrocalcic horizon is required for 
the
 

Pale- great groups.
 

one notices that
Taking the suborder of the Orthids as an example, 


Soil Taxonomy provides for a great group of Calciorthids (for Orthids having
 

a calcic horizon) and a great group of Paleorthids (for Orthids having a petro

horizon could be used as a diagnostic
calcic horizon). The hypercalcic 

thus the Orthids would have three great
property at great group level and 


of a horizon of accumulation of cargroups characterized by the presence 

Calciorthid (with a calcic horizon), Hypercalciorthids (with
bonate, namely: 


a hypercalcic horizon), and Paleorthids (with a petrocalcic horizon). It
 

would also be possible to use a hypercalcic horizon as a diagnostic criterion
 

at subgroup level, either in the Calciorthids or in the Paleorthids. The
 

have the advantage that soils with a continuous
latter alternative would 

required for a petrocalcic horiindurated layer having the minimum thickness 


zon and those having either a strongly fractured petrocalcic horizon or those
 

does not satisfy the thickness requirements
having an indurated layer that 

for a petrocalcic horizon would be grouped in the same great group.
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DIAGNOSTIC HORIZONS OF CARBONATE AND GYPSUM ACCUMULATIONS
 

John E. Witty
 

The presence of carbonates or gypsum is an important criterion in classi
fying soils. But it is not easy to agree on limits between soil classes at
 

various categorical levels for the amount, form, thickness of layers, and
 

other features of carbonates or gypsum in soils. This paper discusses the
 

diagnostic horizons of carbonate and gypsum accumulations defined and used
 

in Soil Taxonomy (Soil Survey Staff, 1975) to identify classes at the great
 

group or subgroup levels, as well as the hypergypsic and hypercalcic horizons
 

suggested by Osman (1980). A description of each of the six horizons follows:
 

a. The calcic horizon is a horizon in which calcium carbonate or calcium
 
and magnesium carbonate has accumulated. It must be at least 15 cm thick,
 

have at least 5% more calcium carbonate equivalent than the original material,
 

and have a total calcium carbonate equivalent of 15% or more unless the parti
cle-size class is sandy, sandy-skeletal, coarse-loamy, or loamy-skeletal with
 

less than 18% clay. A calcic horizon may show weak cementation, but air-dry
 

fragments will slake in water.
 

b. The petrocalcic horizon is a horizon that has become plugged with
 

carbonates and cemented; it is a hard, massive, continuous horizon. The
 

petrocalcic horizon is a barrier to roots and is so strongly cemented that
 

air-dry fragments do not slake in water. It must be thick enough that the
 

product of its thickness in centimeters and the percentage of calcium car

bonate equivalent is 200 or more.
 

c. The gypsic horizon is a horizon at least 15 cm thick that is enriched
 
with secondary sulfates and has at least 5% more gypsum than the underlying
 

materials. The product of its thickness in centimeters and the percentage
 

of gypsum must be 150 or more. A gypsic horizon may be weakly cemented, but
 

air-dry fragments slake in water.
 

d. The petrogypsic horizon is a horizon enriched with secondary sulfates
 

that is so strongly cemented by gypsum that air-dry fragments do neL slake
 
in water and roots cannot enter. The petrogypsic horizon does not have a
 

thickness limitation.
 

e. The hypercalcic and hypergypsic horizons were identified in Circular
 

I of the International Committee on Aridisols (Osman, 1980) and proposed for
 
possible establishment as two new diagnostic horizons in Soil Taxonomy.
 

Circular I does not define these two horizons, but it implies that the defini

tions of calcic and gypsic horizons should give maximum limits of carbonate
 

and gypsum, and that their contents in hypercalcic and hypergypsic horizons
 
would exceed these limits.
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DISCUSSION
 

Calcic and hypercalcic horizons
 

Osman (1980) did not propose 
a limit between the calcic and hypercalcic
horizons, but a limit of 40% carbonate 
of the fraction less than 2 mm may
reflect important differences in soil genesis. Gile and Grossman (1979) 
reported 
that a carbonate accumulation of more 
than about 40% in low-carbonate
parent material resulted in a 
plugged, cemented, petrocalcic horizon. 
 The
hypercalcic 
horizon would then be comparable to the petrocalcic horizon in
carbonate content, but would have 
less than 40% secondary carbonates and re
flect a parent material high in carbonates.
 

It is doubtful, however, that 
the hypercalcic horizon 
is needed ro identify classes of soils at 
 the higher categorical levels in Soil 
Taxonomy.
I do not know of any critical limit 
in calcium carbonate content 
for separating the two horizons that would be 
significant in interpretations made,
for example, 
at the great group or subgroup levels. 
 The Soil Survey Staff
(1975) considered the presence 
or absence of a calcic horizon te have little
importance for defining various classes of soils at the group
great level
in Aridisols. 
 The calcic horizon is definitive for only 
one great group,
the Calciorthids. 
 All other great 
 groups of Aridisols, except the
Camborthids, may have 
a calcic horizon, but 
it is not a part of their definition. 
 Other sets of properties associated with an argillic horizon, natrichorizon, duripan, otheror horizon were considered more important than thoseassociated with a calcic horizon. At the subgroup level as well, an absoluteamount of 
carbonate was not considered an important property for defining

classes.
 

Petrocalcic horizon
 

The Soil Survey 
Staff (1975) recognized the petrocalcic horizon at the
great group 
level, but made it subordinate to the salic horizon in combination
with a high water table and a duripan. The petrocalcic horizon is recognized
at a high level in Soil two
Taxonomy for important reasons concerning soil
use and management; it is a barrier roots
to and has moderately slow to very
slow hydraulic conductivity. Depending on 
its thickness and degree of induration, however, 
it naiy be destroyed by mechanical means to increase rooting

depth and hydraulic conductivity.
 

The definition of the petrocalcic horizon is similar to of
"pans," except that it allows no 
that other

for cracks or fractures that roots might
penetrate. To make 
the definition of a petrocalcic horizon parallel 
to the
other definitions, a se.ntence 
should be added 
such as: "There may be fractures in the petrocalcic horizon, but average
the lateral distance between
 
fracture points is 10 cm or more."
 

Gypsic and hypergypsic horizons
 

The gypsic horizon has a definition parallel to that of the calcic horizon and, like the calcic horizon, is subordinate to many other sets of 
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The gypsic horizon, howproperties in deflning great groups of Aridisols. 

calcic horizon in that the Gypsiorthids
ever, does take precedence over a 


can have a calcic horizon but Calciorthids cannot have a gypsic horizon.
 

horizon, the gypsic horizon is relatively rare in other
Compared to the calcic 


great groups of Aridisols.
 

At the subgroup level, this parallelism stops because: (a) there was
 

extent and variety of Gypsiorthids
not sufficient documentation of the to
 

and (b) the distinction between Gypsiorthids
complete their classification, 

the basis of assumed differences
with high and low gypsum content was made on 


in soil behavior (Soil Survey Staff, 1975). The distinction between soils
 

and low gypsum content supports establishment of a new diagnostic
with high 

horizon such as the hypergypsic horizon.
 

horizon, however, must be justified by soil be-
Establishment of a new 

papers by Stoop: and Ilaiwi (1981), Mousli
havior problems. In reviewing 


Mardoud (1981), one must conclude that for interpretations con(1981), and 


cerning crop production the form of gypsum is more important than the absolute
 

amount. 
 Some forms allow root penetration, good yields, and water percolation
 

50%; others act as a barrier to roots and

with gypsum content in excess of 


as 25% gypsum. It seems that these distinctions relate
water with as little 


much more to proper separation between the already defined gypsic and petro

gypsic horizon, Lhan to problems of high gypsum content.
 

are subject to subsidence or dissolution.
Highly gypsiferous materials 

Mousli (1981) reports, holes of thousands of cubic


In the Euphrates Basin, 


meters occur in the material under some canals, and 
large irrigated areas
 

with high gypsum content require extensive maintenance and leveling. 
 In Saudi
 

on the other hand, the extent of Gypsiorthids being farmed is very

Arabia, 


highly
small, and subsidence has not been a problem even where canals are in 


gypsiferous materials. The irrigation water is saturated with CaSO4 and, 

therefore, it has a low dissolution capacity; this probably accounts for the 

lack of subsidence. 

Is excessive subsidence due
Several questions need to be answered. to 

high gypsum content in the soil -- or to gypsiferous materials in the sub

initiated? Are there preexisting cracks,stratum? At what depth is collapse 

in the zones of collapse? If suisidence is due entirely
cavities, or caverns 


water would have to percoto dissolution of the gypsum, approximately 5 m of 


late through the soil for every I cm of subsidence, assuming bulk density
 

of about 1.3 g/cm for the gypsiferous material and a very low concentration
3 


of Ca++ and SO4 -- ions in the applied water. It good water management prac

might be dissolved at a rate equivalent
tices are followed, soil material 

rate, soil loss
 to I cm per 15 years, or less than 9 t/ha per year. At this 


would be considered within acceptable limits, if loss by erosion is also
 

minimal, and 
probably would not be noticeable from year to year. If, on the
 

other hand, subsidence is combined
the result of dissolution and of cracks,
 

noticeable. Another question
cavities, or caverns, it could be visually is
 
classify
whether these cracks, cavities, or caverns are within the pedon we 


or below it. If the properties that cause subsidence are not within the soil
 

the then the soil properties
but are in gypsiferous materials below soil, 

The alternative is
should not be used as criteria to identify the problem. 


"gyp~iferous substratum" phase.
to identify the problem by a phase, such as 
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Petrogypsic horizon
 

The definition and description of the 
 petrogypsic horizon 
 in Soil
Taxonomy 
are very brief and 
probably lead to misinterpretation. 
 In Saudi
Arabia, extensive areas of soils 
have horizons with high 
gypsum content.
But the extent of soils recognized in recent soil surveys as having a petro
gypsic horizon is small. A 
report by Groundwater Development Consultants
(International), 
Limited (no date), 
who mapped in the Eastern Province, stated
 
that "some crystalline gypsum does not slake in but
water crumbles easily
on touching aftzr wetting and allows 
some roots 
to enter. Only the hardest,

most compact crystalline gypsum horizons have 
been termed petrogypsic here,
and those are 
of very limited extent 
in the Study Area." In the Recon
naissance Soil Survey of Wadi 
Dawasir, Robinson and Miller (1980) 
used similar
criteria to recognize the petrogypsic horizon. 
 The only soil classified as

having a petrogypsic horizon 
was described as underlain by extremely 
hard,

indurated sand and gravel 
cemented with gypsum and 
lime.
 

This soil probably represents an extreme 
development of 
a petrogypsic
horizon 
or a relict feature 
that might better be described 
as rock. Eswaran
 
et al. 
 (1981) describe the micromorphological 
nature of the petrogypsic

horizon as follows: 
 In some petrogypsic horizons ". . . packing results in
some cementation between adjoining grains, leading 
to the rigidity of the

material," 
and in others ". . . the crystals are massive and interlocked."

From this description it appears that the 
petrogypsic horizon 
can be fragile

in early stages of its development and very compact in 
later stages.
 

Some gypsiferous horizons that I have examined can easily be dug tnroughwith either spade or auger. The gypsic material ccmes out as chunks
easily breaks to gravel-size 

but 
clusters of crystals. Whenever I have discussed
these soils with others in the field, the consensus has been that the horizon

in question was probably not petrogypsic by definition. The interlocking
of the gypsum crystals, however, probably restricts roots and the horizons
should properly be called petrogypsic. But 
very little research has been
conducted on gypsiferous soils 
in Saudi Arabia. In general 
they are believed
 
to have low potential for irrigated 
agriculture, and 
to date there has been
 
little pressure to farm them on a 
large scale.
 

SUMMARY
 

The hypercalcic horizon described by Osman (1980) 
probably should not
be established 
for use in defining new classes at the 
great group or subgroup
level. 
 The calcic horizon 
is thought to be adequately defined, but a state
ment should be added 
to the definition of the petrocalcic horizon concerning
average spacing allowed between fractures that 
roots might peneLrate.
 

As for the hypergypsic horizon (Osman, 1980), absolute gypsum content
is relatively unimportant in crop production, compared 
 to its form and whether
it acts as a barrier to roots and water. A hypergypsic horizon established
to define classes at the great group or subgroup level wo)uld have low interpre
tive value if the excessive subsidence occurs only where highly gypsiferous
materials are below the soil. It would have high interpretive value if the 
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subsidence are within the soil, but
 

I believe that these characteristics generally are in the substratum.
 
characteristics that cause excessive 


In Saudi Arabia and possibly elsewhere, weakly developed petrogypsic
 

horizons may have been misidentified as gypsic horizons. As a result, the
 

extent of Petrogypsic Gypsiorthids may have been underestimated. Refining
 

the definition of the petrogypsic horizon should improve uniformity of appli

cation and reliability of classification.
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IMPROVED MANAGEMENT SYSTEMS FOR VEETISOLS IN INDIA 

S.M. Virmani, J.R. Burford, and K.L. Sahrawat
 

Vertisols are potentially one of the most productive soils for rainfed
 

agriculture in the semi-arid tropics (SAT). Their high water-holding capacity
 

endows them with the ability to compensate better than most other soils for
 

tl|e low and erratic rainfall, which is a major constraint for crop production
 

and growth, or sometimes even survival.
 

Because of the high potential of Vertisols for increased productivity,
 

ICRISAT has given a high priority to developing improved farming systems for
 

theae soils. Here we describe these systems and the environment that has
 

led to their development. Particularly relevant is the fact that India and
 

the Sudan contain a significant proportion of the world's Vertisols; character

izing the soils and agroclimates should indicate areas with potential for
 

transfer of appropriate elements of improved technologies.
 

THE ENVIRONMENT
 

The single most important characteristic of Vertisols - high water

holding capacity - results from their high content (>30%, and commonly 60

70%) of dominantly montmorillonitic clay, and a deep profile (usually >70 

cm for verti properties to be fully expressed). Other important character

istics related to the high water-holding capacity and the associated swelling
 

and shrinking are the cracks that develop (and facilitate rapid infiltration
 

of water to the deeper layers) and the "self-mulching" of some surface soils,
 

which facilitates seedbed preparation. When the soil is dry, infiltration
 

is Lnitially rapid, but declines rapidly as moisture content of the surface
 

soil increases. Then, high-intensity storms can cause appreciable runoff
 

and waterlogging where surface drainage is inadequate.
 

Soil characteristics are given in Table I for a profile of the Kasired

dipalli series, oa which ICRISAT's improved farming systems for deep Vertisols
 

were developed. Murthy et al.. (1982) have listed characteristics of the
 

Vertisols in India.
 

Gilgai formation which is a characteristic of some 'Jertisols appears
 

to be less pronounced in India than elsewhere in the world. Cultivation for
 

long periods in the past, by causing some levelling of the soil surface, may
 

have contributed to the general lack of marked surface microrelief.
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Table 1. Some characteristics of a typical Vertisol at ICRISAT Center.a
 

Depth Particle-size pH 
 CaCO3 Organic CEC
Horizon (cm) distribution % (1:2.5 water) 
 (M) C (me/

Sa S Cl 
 (%) 100 g)
 

Ap 0-20 23 
 23 54 3.8 5.3 0.73 57
 

A2 20-40 22 22 
 56 9.2 7.4 0.54 59
 

*13 40-60 20 22 
 58 9.A 7.0 0.47 56
 

A1 4 60-90 16 24 
 60 9.4 6.3 
 0.39 60
 

AC 90-130 12 
 21 67 9.4 6.2 0.28 63
 

C 130-180 13 20 
 67 9.4 7.5 0.25 62
 

aKasireddipalli series; Typic Pellustert 
- very fine, montmorillonitic, isohypothermic.
 
Location: Field BW7.
 

Source: Murthy ei al. (1982).
 



Climate
 

The semi-arid tropics (SAT) are approximately delineated by mean annual 
temperatures exceeding 180C, and two to seven consecutive humid (P>ET) months. 
Average monthly rainfall, however, provides only a crude assessment of agro
climate within the SAT. The rainfall regime is much better described by the
 
r.liability of rainfall, calculated over week-long periods. For example,
 
in India, Hyderabad and Solapur have total annual rainfalls of 761 and
 

765 mm, but the probability of receiving 10 mm or more of rain per week
 

throughout the rainy season (southwest monsoon) is about 70% for Hyderabad
 
but only 50% for Sholapur. The probability of a successful rainy-season crop,
 
calzulated from a water-balance model, is about 62% at Hyderabad but only
 
33% at Sholapur (Binswanger et al., 1980).
 

RESPONSE TO THE ENVIRONMENT AND ASSOCIATED PROBLEMS
 

The Indian farmet' traditional system
 

In the Indian SAT, the traditional cropping patterns on Vertisols and
 

associated soils can be related to constraints imposed by the combination
 
of agrorlimatic and soil characteristics. On the shallower (vertic) soils,
 
cropping is confined to the rainy season because the limited water-storage
 

capacity will not support growth for long after the rains cease. On the deep
 
Vertisols (1-1.5 m), however, cropping patterns and land use vary. Some are
 

cropped during the rainy season with local cultivars whose growth extends
 
beyond the end of the rainy season. But many deep Vertisols (perhaps 50%,
 

Krantz et al., 1975) are left fallow during the rainy season, and used only
 

for a single crop grown on stored moisture in the postrainy season.
 

Not cropping during the rainy season appeared to be inefficient use of
 

resources. Initial observations by Krantz and Kampen (Kampen, 1982) indicated
 
that not cropping during the rainy season could be attributed to both too
 

much and not enough soil moisture; this 'waf: subsequently confirmed by Virmani
 

et al., (1981) and Michael (1981), whose analyses showed that the rainy season
 

fallows can be separated into:
 

!'Dry" fallows: those with unreliable rainfall during the rainy season,
 

so that bare fallowing is essential to attempt to accumulate enough
 
water to produce a crop in the postrainy season on stored water (as
 
exemplified by Sholapur).
 

"Wet" fallows: those with adequate to excessive rainfall during the rainy
 
season risk losses from waterlogging and flooding. Crops grown in the
 

postrainy season usually have enough moisture to produce a crop because
 

rainfall is usually sufficient to fully charge the profile, but pro
ductivity is low (as exemplified by Hyderabad).
 

Where rainy-season fallow is practiced, common postrainy-season crops
 

are sorghum, wheat, chickpea with some sorghum/oilseed intercropping, and
 

wheat-chickpea or wheat-linseed on a two-year rotation (Krantz et al., 1975).
 
Less coinmon, but still important, are a few specialty crops like chillies.
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Where crops are grown during the rainy season, many crops are used, and
 
in many , *binations; multiple cropping as well as sole cropping is practiced

(Spratt and Choudhury, Willey, Sorghum cotton
1978; 1979). or is commonly
 
grown in association with a sparse pigeonpea intercrop. 
 Sequential crops
 
may be sorghum in rainy season 
followed by chickpea in postrainy season.
 
But full use of the land by two crops spanning both seasons is rare (on 
less
 
than 10% of the deep Vertisols, Krantz et al., 1975).
 

The farmers' chief implements on those soils are a single "pointed-stick"

plough and a blade harrow (bakhar); seed is broadcast or placed through a
 
seed tube attached to the plough. 
The only nutrient input is occasional small

applications of manure.
farmyard Cultivars are ustally long-season, tall,

local varieties with characteristically low harvest indices.
 

Because inputs are low and productivity is reasonably stable, loss risks
 
are low. The low-yield, low-risk system was satisfactory before population
 
pressures required increasing productivity per unit area.
 

The Indian farmers' -raditional system has several major problems and

limitations: poor internal of the severely
drainage heavy soils restricts
 
operations during the rainy season, especially 
when rainfall is excessive
 
or the land's slope 
is minimal; cultivation equipment lacks versatility; crop

cultivars, although resistant to pests and diseases, lack yield potential
some 

and ability to respond to such inputs as fertilizers. Crop options often
 
are limited because long duration cultivars are used. The most serious defi-.
 
ciency of the rainy season-fallow system is that it promotes erosion, which
 
is several-fold greater on fallows than 
on soils protected by a growing crop;

continuing 
erosion will cause a reduction of a valuable resource, viz. the

depth of soil. 
 Shallow soils do not permit extended cropping in the postrainy
 
season, because of their limited moisture storage capacity.
 

ICRISAT's improved farming systems
 

To improve productivity of 
the land, ICRISAT developed a double-cropping

system that uses 
both the rainy and the postrainy season. Each of the 
two
 
crops is more productive than the farmers' traditional single crop. Basic
 
elements of the ICRISAT systems are:
 

- Shaping land to dispose of excess water by the broadbed-and-furrow 
system and grassed waterways; 

- "Rough" ploughing of land immediately after harvest when some moisture 
remains in the soil; 

- Completing seedbed preparation after 
the first premonsoon rain (between

harvest in January/February and onset of the southwest monsoon in
 
June);
 

- Dry sowing crops before, but within two weeks of, the arrival of the
 
southwest monsoon in June;
 

- Using improved cultivars in improved cropping systems that 
 allow
 
farmers to choose among sole crops, sequential crops, and intercrops;
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- Fertilizing with N and P and sometimes Zn; and
 

- Precisely placing fertilizer and seed and correctly timing nitrogen 

applications. 

involied much basic work, for exampler identifying
The developments have 

where dry seeding can
 areas of assured rainy-season rainfall and also areas 


cultivars, and combinations of
be used; selecting improved crop species, 

the landcrops; developing simple bullock-drawn equipment; and developing 


shaping methodology.
 

the system have been substantial. The improved
Yield increases under 

of cereal (maize or sorghum)
intercropping system gave yields of 3,000 kg/ha 

operational research areas


and 1,000 kg/ha intercropped legume (pigeonpea) on 


500-800 kg grain!ha for a farmer's single
at ICRISAT Center, compared with 

sells for three times as
 

crop of sorghum or pigeonpea. Pigeonpea commonly 

the total yield the cash equivalent
much per kg as sorghum, thus making of
 

cereal grain. A sequential crop of cereal (rainy
approximately 6,000 kg/ha 


season) followed by postrainy-season crop (chickpea, safflower, etc.) gave
 

comparable but slightly less stable productivity because of greater risks
 

associated with establishing the second crop (Willey, 1979). Ryan and Sarin
 

(1981) reported that the profitability resulting from introducing both crop

ping systems was excellent, with net profits increased 500-600% and a return
 

of ca. 250% from the additional funds invested.
 

are those that have been consistently suc-
The crop combinations quoted 


cessful. Other combinations are being investigated, and the must promising
 

used to provide other options for farmers. It is essential to provide
will be 

various
options to allow for the preferences of individual farmers and for 


diseases, pests, agroclimates, and soils over the target 
area.
 

modified at
After the double-cropping technology had been tested and 


a period of several years, it was evaluated by farmers on their

ICRISAT over 

own from 1981. The preliminary results are encouraging (Ryan et al., 1982).
 

TRANSFER OF TECHNOLOGY
 

Farming systems research is commonly stated to be site specific. Site 

reflects a lack of characterizing soil and agroclimatespecificity, however, 

SAT regions and a lack of understanding
at experimental sites throughout the 


the productivity of
 
of the relationships between environmental factors and 


crops. Our research strategy involves "transfer of results by analogy," i.e.
 

extrapolating "representative" site data to surrounding areas with similar
 

which requires good descriptions of the soils ;-'d

properties (Nix, 1968), 


agroclimate at both the experimental and the transfer sites.
 

of climatic and soils environments in the

Improvements in descriptions 


being emphasized. We now have agroclimatic delineation ,f

Indian SAT are 


the areas in the Indian SAT where the rainy-season rainfall is sufficiently
 

of crops in the rainy season, and where the onset

reliable to assure growth 


monsoon in June can be predicted for the dry seeding of
 
of the southwest 


areas
 crops. This information, together with the estimated extent of the 
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of deep Verttsols, lets us assess areas 
in the Indian SAT suitable for the
improved farming systems technology. Of the total 
ca. 72 million ha of Vertisols and related soils in India, about 
12 million fulfill the agroclimatic
and soil requirements for the improved farming systems.
 

The accuracy of predictions 
in India will improve as better descriptions
of soil resources become available; already, several major soil 
series of
deep Vertisols have been 
identified, and each series 
covers substantial areas
(Murthy and Swindale, unpublished data). 
 The continuing improvements in soil
and agroclimatic resource 
descriptions within 
India will help us attempt to
identify areas with similar agroclimates and soils in the Sudan.
 

The Vertisol area in Sudan (Fig. 1) is 
ca. 63 million (FAO-UNESCO, 1977),
approximately 25% 
of its total 250 million ha area (NOA, 1975). Table 2 gives
data on selected agroclimatic characteristics of sites in or near 
Vertisol
regions of Sudan and India. 
 Some 15 locations in the Sudan have been studied
in detail, too few for detailed climatic classification work but enough for
initial generalizations. 
 Combining 
the soils and agroclimatic data shows
the area occupied by 
Vertisols and receiving dependable rainfall (>2 months)
in the Sudan; this covers approximately 42 million ha or 67% of 
Sudan's
 
Vertisols (Fig. I).
 

The limited agroclimatic and soils 
data available on the Sudan let 
us
speculate that the principles 
of our present improved soil management practices may well be applied over the entire area. 
 The crop and crop-management
component could apply the
to area of 30 million ha with ca. 
3-5 humid months
where the growing season averages 20-30 weeks, anJ appears 
to be more reliable
than ICRISAT's rainy The climatic
season. 
 environments 
at Malakal and at
ICRISAT Center 
appear quite similar. In calculations of the growing season,
we assumed that 
rainfall exceeding the soil's water-holding capacity is lost
 
as runoff.
 

This optimistic outlook for the 
Sudan undoubtedly will require
fication because our present 
some modi

observations 
are only a first approximation.
Experience there will undoubtedly 
reveal other constraints. 
 To more accurately predict the applicability of the components of our existing Vertisol
technology to the Vertisols 
in the various subregions of the Sudan, we
need detailed analyses 
of the soils, climate, and socioeconomic 
now
 

features of
 
the Sudan.
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Figure 1. Sudan Vertisol region
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Table 2. Selected climatic characteristics of some Vertisol regions of Sudan and India. 

Location Latitude Longitude 
Elevation 

(m) 
Rainfall (mm) 

Annual Seasonal 
Rainy months 
From To 

P.E.T. 
Annual 

(mm) 
Rainy 
Season 

Length of 
Growing 
Season 
(weeks) 

Sudan 

Khartoum 
Wad Medani 
En Nahud 
Malakal 
Mau 
Juva 

15.360 N 
14.240 N 
12.420 N 
09.330 N 
07.420 N 
05.42ON 

32.33 0 E 
33.290E 
28.26 0 E 
31.39 0 E 
28.010 E 
31.36 0 E 

380 
408 
564 
388 
438 
457 

164 
373 
423 
783 

1145 
982 

147 
306 
332 
579 
914 
876 

Jul 
Jul 
Jul 
Jun 
May 
Apr 

Sept 
Sept 
Sept 
Sept 
Oct 
Oct 

2228 
2011 
1990 
1834 
1445 
1495 

592 
512 
490 
575 
664 
806 

<4 
6 
6 

16 
26 
30 

t.j 

India 

Hyderabad 
Poona 
Nagpur 
Indore 
Akola 

17.270N 
18.32N 
21.06°N 
22.430N 
20.420N 

78.28 0 E 
73.51 0 E 
79.030 E 
75.45 0E 
77.020 E 

545 
559 
310 
567 
282 

761 
715 

1251 
1127 
877 

653 
615 
1143 
949 
755 

Jun 
Jun 
Jun 
Jun 
Jun 

Oct 
Oct 
Oct 
Sept 
Sept 

1750 
1474 
1773 
1813 
1730 

625 
579 
683 
600 
600 

18 
18 
20 
20 
20 

aData used pertain to Yeotmal. 

Sources: IMD, 1967 
WMO, 1971 
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SOIL FERTILITY MANAGEMENT IN RELATION TO
 
AGRICULTURAL PRODUCTIVITY IN VERTISOLS OF INDIA
 

A.S.P. Murthy, D.P. Viswanath, and M.N. Sheelavantar
 

ABSTRACT
 

Vertisols are highly fertile soils; their productivity rating has been
 
low, partly due to management problems and deficiencies in irrigation and 

supplies of plant-available nutrients. 

Vertisols are low in organic matter and N status. Response of crops 

on Vertisols to added N was found to be better with phosphatic and/or complex
 

fertilizers. The efficiency of nitrogen usage can be improved with the addi

tion of organic matter and/or well-decomposed manure.
 

Addition of farm residues like deoiled neem cake, cotton, and maize
 

stalks just before the sowing of the monsoon crop under irrigation enhances
 
grain yields of crops and appears to have good P and K residual effect on
 

the post-monsoon cereal wheat which was raised with half the dose of N re

quired and no P and K fertilizers added. This amounts to considerable savings
 

in N, P, and K fertilizers and the added residues apparently play a signifi

cant part in increasing the availability of native and applied P in soils.
 

Though there is no yield response of crops to added potassium, there
 

appears to be a possibility of modifying the adverse soil physical properties
 
by the addition of potassium.
 

Response of crops to micronutrients will be better in the presence of
 

moderate amounts of fertilizers and a mixture of micronutrient elements like
 

Zn, Mn, and Fe.
 

Although the actual yields are low in the farmer's field, results from
 

research stations as outlined in this review amply demonstrate that Vertisols
 

have a high yield potential, and future food needs of India can be met by
 

using the right combination of crop varieties, cropping systems, fertilizers,
 

micronutrients, recycling crop residues, and irrigation.
 

INTRODUCTION
 

Vertisols and associated soils occur in peninsular India covering 73 mha
 

of the total geographic area of India of 328 mha and 0.55% of the world's land
 

area (Murthy, 1981; Buringh, 1982; Dudal, 1965). Vertisols constitute near.;
 

21% of potential cropped area as against 51% of the potential available land
 

in India. These soils have the maximum potential grain equivalents (MPGE) of
 

1235 million tons per year (Table 1) representing nearly 2.5 and 27% of world
 

and India's MPGE, respectively (Swaminathan, 1980).
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Table 1. Actual and potential agricultural land (106) inclusive of Vertisols.
 

ACL AlL PAL PIAL PCA MPGE
 

World 1402 201 3419 
 470 3270 49830
 

(200) - (140) - (150) -

India 143 34 
 143 77 281 4572
 

(40) (10) (73) 
 (20) (60) (1235)
 

Number in parenthesis represents the values for Vertisols.
 

Source: Swaminathan (1980); Buringh (1982).
 

5
ACL = Actual cultivated land (10 ha)
 
ALL = Actual irrigated land (lO6 ha)
 

6
PAL = Potential agricultural land (iO ha)
 
PIAL = Potential irrigated agricultural land (lO6 ha)
 
PCA = Potential cropped area
 
MPGE = Maximum potential grain equivalents (106 t/year)
 

Though agriculture in the tropics was first developed in areas of high
 
base status soils of which Vertisols constitute an important soil order, the
 
potential of Vertisols for food production has been viewed with a certain
 
amount of skepticism because of inherent adverse soil physical 
properties
 
and deficiencies in supplies of irrigation and available plant nutrients. The
 
grain potential of these soils and the differential yield of crops under rain
fed and irrigated conditions shown in Figs. I and 2 indicate that Vertisols
 
could possibly bridge the projected food grain requirement of 200-225 million
 
tons by 2000 A.D.
 

This paper attempts to: (1) highlight the constraints to soil fertility
 
and fertilizer use that are limiting 
crop yields; and (2) show how hitherto
 
unproductive Vertisols can be exploited through manipulation 
of management
 
variables such as selection of fertilizer-responsive crops, fertilization,
 
recycling of crop residues and irrigation, for meeting the future food needs
 
of India.
 

ORGANIC MATTER AND CROP RESIDUE MANAGEMENT
 

Organic carbon content in Vertiso.. of India is low, ranging from U.4
 
to 0.7 in spite of their dark color. A great deal of emphasis was laid in the
 
past on maintaining a stable organic matter level in soils 
for proper mainte
nance of physical properties necessary for sustained and stable crop produc
tion. Earlier work carried out by Raheja et al. (1971) and Puranik et al.
 
(1978) has shown that continuous cropping and manuring resulted in higher
 
organic carbon and 
nitrogen contents in black soils of India. Also, studies
 
carried out by these authors and the research work carried out by the Advance
 
Centre for Blace 
Soil Research in the recent past indicate that agricultural
 
productivity can be stepped up by suitable 
cropping systems and recycling
 
of crop residues like deoiled neemcake, cotton and maize stalks. The results
 
of investigation in this regard are shown in Figs. 3, 4, and 5.
 

Incorporation of cotton and maize stalks in Vertisols under 
irrigation
 
with 100 N, 75 P205, and 37 K2O kg/ha in two locations resulted in an increase
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Figure 1. Yield potential of various crops under rainfed and irrigated conditions. 
(Source: Ann. Rep. AICRP Water Management, ICAR, New Dehli, 1979-81.) 
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Figure 2. Yield gaps in dryland agriculture on Vertisols. (Source: Dryland Agric. Res. Prog.

Rep., ICAR, 1977.)
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Figure 3. Grain yields of maize and wheat as affected by fertilizer anO crop residue applications to
 
Vertisols (Typic Chromuderts) under irrigation at Dharwad, India. (Source: Ann. Rep. Adv.
 
Centre for Black Soil Res., Dharwad, India, 1978-1980.)
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Figure 5. Grain yields of maize and wheat as af'Fected by graded doses of neem cake and fertilizer P in
 
Vertisols (Typic Chromuderts) under irrigation, Dharwad, India. (Source: Ann. Rep. /dv. 
Centre
 
for Black Soil Res., Dharwad, India, 1979-81.)
 



-- : Fertlizers+ Maize stalks) 
Artllzers only1S0 N 75P2O5s37K20 Kg/h) 

-- F rtllfze +2-5 t/ha 

j Fertilizers+ S- t/ha 

Fertilizers+ 75 t/hoS 
] Fertilizers + 10-0 t/ha
 

4

-+

4.+ 

X 2 

i'+/ ++ 

0 

Figure 4. Maize and wheat grain yields as affected by fertilizers and maize stalk application to Vertisols
 
(Typic Chromusterts) under Irrigation. (Source: Ann. Rep.. Adv. Centre for Black Soil Res.,
 
Dharwad, India, 1g79-1980.)
 



in maize yield of 13 and 15% on the 
College farm, Dharwad and Navalgund,
India, respectively. Residual effect 
of these wastes were also studied on

the succeeding post-monsoon wheat crop and it was 
found beneficial from the

point of view of total yields of cereals for the cropping year. Furthermore,

the post-monsoon crop was grown with only 50% of N and without the addition
 
of the required P and K fertilizers.
 

An analysis of the cost-benefit ratio due to the 
incorporation of cotton

stalks (2.5 t/ha) to Vertisols of Dharwad was 1:13 (Fig. 6).
 

An evqluation of the recycling potential of maize and cotton stalks inrelation to the harvest of crops grown on the waste-treated site indicatethat these residues are not detrirm ital to the ability of VertisoLs to pro
duce more food.
 

MANAGEMENT OF MAJOR- AND MICRONUTRIENT ELEMENTS
 

Nitrogen
 

The total N content in Vertisols of India 
is about 0.08%. Res-ilts of
 many agronomic experiments show the need for fertilizer N and also show poox

utilization of N by crops.
 

Venkataswaralu (1979) observed that cereals 
grown during monsoon respond

better 
to N than cereals grown during post-monsoon period (Tables 2 and 3).

The response of sorghum to N was more 
in Vertisols of Bijapur (35%) and Akola
(43%) as compared with the response in Vertisols of Sholapur and Rajkot.

Vertisols of Bijapur and Akola possess 
a very high native soil fertility and
 
are of basaltic origin. Total rainfall 
received in these areas is than
more 

300 mm as compared to 
250 mm and below in Rajkot and Sholapur.
 

Studies made independently by Nagre and Khedekar (1979) at Akola,

Maharashtra and the scientists of the Sorghum Research Project, Dharwad,

Karnataka, India, reveal a significant response of varieties and/or hybrids
to applied N in Vertisols. Hybrids like CSH-l and CSH-5 were to
found be
 
more responsive to N over varieties. Among the hybrids, 
CSH-5 yields were
better over CSH-I. Grain yield of CSH-5 was 
1.8 t/ha at Akola and 3.6 t/ha
at Dharwad. These yield differences could be attributed to variation in
moisture 
regime, soil type, and crop varieties and/or hybrids (Figs. 7a and
 
7b).
 

Besides fertilizer-responsive varieties 
and/or hybrids, proper moisture

regime, addition of organic manures, and crop residues could improve the
efficiency of N usage. More et al. (1977) and Patil and Patil (1975) report
that leaching and volatilization losses of ammonia 
in Vertisols were more
with straight fertilizers 
 like urea and ammonium sulphate, with maximum

volatilization 
loss on the 12th day after the application of fertilizer N
(Fig. 8). The losses of ammonia were 
less when complex fertilizers like

uramphos 
and suphale were used. Further, the authors observed 
a significant
reduction in losses of ammonia due to the addition of organic matter and/or

tell-decor'posed farmyard manure 
(Fig. 9a).
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Figure 6. Recycling potential (cost-benefit) ratio of cotton stalks on cereal grain yields in Vertisols
(Typic Chromuderts) under irrigation, Oharwad, India. 
 (Source: Ann. Rep. Adv. Centre for
Black Soil Res., Dharwad, India, 1978-80.)
 



Table 2. Sorghum grain yields (t/ha) in response to N in Vertisols of India. 

Location 

Monsoon 

0 

Postmonsoon 

Nitrogen applied 

(kg/ha) 

30 

Monsoon Postmonsoon Monsoon 

60 

Postmonsoon 

Bijapur 0.95 2.40 2.00 

(35) 
2.52 

(4) 
2.23 

(7.7) 
3.07 

(18.0) 

Sholapur 0.52 1.36 
(28) 

- 2.01 
(21.7) 

-

Akola 2.97 4.71 

(43) 
5.76 

(26.0) 

Rajkot 1.84 - 2.92 

(36) 
3.62 

(23.0) 

-

Bellary - 0.87 - 1.14 

(7) 
- 1.30 

(2.0) 

Source: Venkateswaralu (1979). 

Numbers in parenthesis indicate incremental responses expressed as kg grain per kg N applied. 



Table 3. Grain yields (t/ha) of hybrid sorghum (CSH-5) and wheat (UP 301)
 
in response to applied N and P in Vertisols under irrigation.a
 

kg/ha
Fertilizer N 

(kg/ha) 45 60 90 120
 

Sorghum
 

75 	 7.6 7.1 6.9 7.4
 

100 	 7.6 7.7 7.7 7.3
 

125 	 7.5 7.8 7.3 7.1
 

Wheat b
 

75 	 1.3 1.3 1.4 1.3
 

10 	 1.4 1.6 1.5 1.6
 

125 	 1.5 1.6 1.? 1.6
 

Source: 	 Ann. Rep. Advance Centre for Black Soil Research, University of
 
Agricultural Sciences, Dharwad Campus, Karnatake, India.
 

a30 kg K20/ha was common to all the treatments.
 

bAfter the 	harvest of sorghum, 75 kg N and 45 kg P20/ha was given.
 

Patil and Patil (1975) observed a marked reduction in leaching losses
 
of N05 and NH -N due to cropping. The authors also observed a significant
 
increase in the accumulation of N03-N in the fallow and a sudden decline
 
in N03-N from 10 to 5 ppm due to cropping. This apparently indicaLes greater
 
utilization of N03-N by the crop (Fig. 9b).
 

These studies indicate that the efficiency of N usage can be improveo
 
with the use of organic manures, complex fertilizers and continuous cropping.
 
These methods are more effective than the costly deep placement r" N.
 

A rc:ent N fertilization experiment carried out by the Advance Centre
 
for Black Soil Research, Dharwad, Karnataka, India and the work of Venkates
waralu (1979) in Vertisols indicate that for efficient managemenL of N and
 
increased crop yields, N has to be applied ,,ith phosphatic fertilizers
 
(Table 3).
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Figure 7a. 	 Differential response of sorghum genotypes to
nitrogen kevels inVertisols. (Source: Nagre
and Khedekar, 1979; 
 Ann. Rep. AICRP-Sorghum,

1979-80.)
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Figure 7b. Differential response of sorghum genotypes to nitrogenlevels inVertisols. (Source: Naore and Khedekar, 1979;
 
Ann. Rep. AICRP-Sorghum, 1979-80.g
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Figure 9a. Volatilization losses of NH3 as affected by N source and organic matter. (After
 
More et al., 1977.) 
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Figure 9b. 	 Leaching losses of NH4 and N03-N as affected by N source and farm yard manure
in Vertisols. (From PAtM and Patil, 1977.)
 



Balasundaram et al. (1972), in a field experiment with CSH-l hybrid sorghum
 
as a test cop, reported N requirements of 148 and 59 kg/ha to produce a maxi
mum grain yield of 3.8 t/ha on Vertisols showing soil test N value of 202
 
and 281 kg/ha respectively (Table 4).
 

Table 4. 	 Nitrogen requirement for hybrid sorghum in Vertisols under rainfed
 
conditlor5a
 

Soil Test Fertilizer
 
Nutrient Crop Value Required Remarks
 

--------------- kg/ha------------


N CSH-I 0-202 148 
Maximum 

203-281 59 yield 3.8 
t/ha 

282-450 

451 and above
 

aBalasundaram et al (1972).
 

Phosphorus
 

Phosphorus availability is probably the greatest constraint to agri
cultural production in Vertisols. The NaHCO3-soluble P, which is an index
 
of available P, ranges froii 2 to 10 ppm and the response to phosphorus was
 
found to vary considerably with a wide variation in phosphorus requirement
 
to reach maximum yields for different crops and locations (Fig. 10; Tables
 
5 and 6).
 

Table 5. 	Grain yield (t/ha) of post-monsoon sorghum in response to P in
 
Vertisols of India under rainfed conditions.
 

Fertilizer P205 
Region ----------------------------- (kg/ha)------------------ C.D. 

0 40 80 120 160 200 

Bijapur 2.97 3.19 3.42 3.44 3.16 3.12 0.23
 

Sholapura 0.90 0.75 0.95 0.92 - - N.S 

aYield values are for 0, 50, 100, and 150 kg P205/ha.
 

Source: Venkateswaralu (1979).
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Figure 10. 
 Response of sorghum to fertilizer P inVertisols (Typic Chromuderts) under
irrigation, Dharwad, India. 
 (Source: Ann. Rep. Adv. Centre for Black Soil
Res.. Dharwad, India. 1978-80.)CetefrBakSi
 



Table 6. 	Response of Rabi jowar SPV-876 and wheat (Bijaga yellow) to applied
 

P in Vertisols under dry land conditions.
 

Wheata
SPV 876
P205 
 ........ (t/ha)---------(kg/ha) 


0.67
1.9
Control 

(11)
(12) 


1.3
4.2
12.5 

(20) 	 (26)
 

1.4
4.2
25 

(28) 	 (24)
 

1.3
4.9
50 

(27)
(31) 


0.023
0.097
C.D. (5%) 


for Black 	Soil Research University
Source: 	Ann. Rep. of the Advance Centre 

of Agricultural Sciences, Dharwad Campus, Karnataka, India.
 

(pH 8.5) extractable P in parts
Numbers in parentheses indicate the NaHC03 

per million.
 

a50 kg N 	was common to all the treatments except control.
 

A long-term P fertilization experiment with t use of P fertilizers
 

was begun in 1978 at the i-.vance Centre for Black
from different carriers 

Soil Research, Dharwad, India. This experiment was designed to study the
 

response of legumes to P from carriers. Phosphorus fertilizers
different 

before the legumes were seeded. Subsequently, the
 were applied once just 


value of organic residues accumulated as a result of raising legumes. The
 
tested by growing
residual effect of P fertilization by different carriers was 


wheat with only a full dose of N fertilizer and irrigation.
 

The results shown in Fig. II indicate an increase in the yields of
 

It was observed that the application
legumes and wheat with P application. 

dicalcium phosphates.
of diammonium phosphate outyielded single super and 


Further, the data presented in Fig. 11 indicate good residual effects of
 

the grain yield of wheat by 33%
P fertilization and cowpea in increasing 

over that of lucerne and soybean.
 

The effect of cowpea which received only an initial dose of diammonium
 
the of wheat by 61%
was to
phosphate (50 kg/ha) found increase grain yield 


and by 	6 and 5% over single super and dicalcium phosphates
over control 

respectively.
 

AnotheL critical issue for phosphorus management in Vertisols is the
 

source of phosphatic fertilizers. Results of the investigation shown in
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Figure 

r 

sj. 

11. Crcp yields of legumes and cereals as affected 
by P sources and legumes in rotation in Vertisols(Typic Chrcmuderts) undec irrigation, Dharwad,India. (Source: Adv. Centre for Black Soil Re
search Dharwad, Karnataka, India.) 
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Fig. 11 and that of Dahotonde and Rahate (1977) confirm the importance of
 

the source of P fertilizers. Dahotonde and Rahate (1977) studied the effect
 

of P from nitrophosphate and a mixture of ammonium s-lfate and super phosphate
 

on grain yield of maize. The authors found that the response of maize to 

ammonium sulphate and/or a mixture of
 

ammonium sulfate and superphosphate. The results also showed a maximum net
 

profit of Rs. 2,206 from nitrophosphate as compared to Rs. 1,517 from ammonium
 

nitrophosphate was better than to 


sulfate and Rs. 2,135 from a mixture of amuonium sulfate and superphosphate 

(Table 7).
 

Table 7. Optimum doses and net maximum profit when nitrogen and nitrogen 

plus phosphate are applied from different sources.
 

Optimum dose Maximum
 

Source.; 
 (kg/ha) Net profit 

152 Rs. 1,517.04
Ammonium sulphate 

(N)
 

Ammonium sulphate 158 Rs. 2,135.29
 

and (N,P205)
 

Super phosphate
 

Rs. 2,206.55
 

(N,P2 05 )
 
Nitrophosphate 160 


Source: Dahatonde and Rahatie (1977).
 

Another important aspect in t-erms of phosph~rus management is the use 

of organic wastes and recycling of farm residues as a source of nutrients, 

especially P, for food crops in Verrisols. It has been reported by Allen 

(1980) that 500 million tons of ding and crop wastes badly needed for 

improving the soils are being burned by the rural people in the developing 
cottoncountries. It is estimated that in India alone 2.8 million tons of 

stalks and 11 million tons of maize straw are available and could be urof it

ably used to raise food production. Research conlucted at the Advance Centre 

for Black Soil Research, Dharwad, India, has clearly sh(,wn th;t Iddition 

of deuiled neemcake and incorporat ion of farm residues like cotton and maize 

stalks increase the NallCO3 -soluble P itid DTPA-extractable Mn in Vert:isols. 

Changes in NaOICO3 soluble P and DTI'A-,xt ractaIe Mn are shown in Fig. 12. 

All of the sources increased the NaIICO3-soluble P and Mn. Further, grain 

yields of wheat were maximum at P/Mn ratio of one. This emphasizes the 

balance between P and Mn in V(urt isols ior higher yields. 

Research work reviewed in tne foregoing demonstrate that with the us-' 

of mixed N and P fertilizers, crop combinations and incorporation of farm 

residues under irrigation, b)0th native aid appliod fertilizer P can be elfi

cientily utilized to produce more food in Vertisols that are well known for 

high sorption ind poor response of crops to applied P. 
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Figure 12. 	 Available P and Mn status as affected by neem cake and maize stalk additions to Vertisols (Typic

Chromuderts and Typic Chrousterts) under irrigation. (Source: Ann. Rep. Adv. Centre for Black
 
Soil Res., Dharwad, India, 1978-80.)
 



Potassium
 

The total content of K in Vertisols of India is about 1%. The water

fraction of the available potassium. The

soluble K forms a very small 


varies from I to 4 meq/l00 g. Potassium fixation

exchangeable potassium 


capacity of Vertisols of India ranges from 9 to 32% (Table 8).
 

Table 8. Potassium fixation capacity of 
Black soils of India.a
 

State%
 K fixed
 

9.1
Andhra Pradesh 


I1.0
Gujarat 


32.4
Karnataka 


8.0
Madhya Pradesh 


7.0
Maharasht ra 


4.3
Tamilnadu 


aG.K. Zewe (1978) Potassium in soils and crops, p. 51-68. Int. Symposium 

on Potassium, New Delhi. 

and Murthy, 1977) on X-ray diffraction and ele-
Unpublished data (Patil 

indicate
mental analyses of soil clays separated from Vertisols of Karnataka 

series with
that the clays belong to ferriferous-montmorillonite-beidellite 

density. This would contribute to greater
tetrahedral charge and high charge 

fixation of K in Vertisols of Karnataka in contrast to others. 

was added to the Vertisols
In a laborat.-'ry st-udy, potassium chloride 

changeincreased from 0.2 to 15%. This
and exchageable potassium level was 

brought about a marked reduction in soil propert ies (Table 9) such as plasti

city indx, swelling behavior, crack width, dispersion, and an increase in 

hydraulic conduct ivit.y. The improement. in t-hie inherent adverse soil proper

ties brought about by the addition of pot~a.;si ti is possibly dUe to the 

double layer repulsive tortces resulting from partial
reduct ion 'n elect rica! 

of expansible layer silicat.es to intergrades (unpublished reseaich
conversi,,i 
work of 'he Advance Centre for Research on Black Soils, l)harwad, India). 
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Table 9. Physico-chemica] properties of Vertisols 
as modified by potassium chloride 


Exchange-
 Plasti-

able Plastic Liquid 
 city 
 Free Swelling
Potassium limit limit index Dispersion sweI] 
 pressure 

% (EPP) --------------------------

0.25 35.1 75.0 39.9 12.9 56.0 0.8 7a 1.20b 
2.05 34.7 69.6 34.3 5.2 47.7 0 .7 3 a 1 .0 0 b 
3.68 33.8 68.0 34.2 1.3 45.5 0.73 a 

0 . 9 5 b 

13.09 32.4 65.0 32.6 2.0 32.9 0 . 6 6 a 0 . 8 0 b 
15.15 33.3 66.0 32.7 1.7 33.3 0 . 7 2 a 0 .9 0 b 

Source: 
 Unpub. Report of the Advance Centre for Black Soil Res., 
Dharwad, India.
 

aUnder no volume change.
 

bVolume change allowed and recompressed to original volume.
 

treatment.
 

Crack 

width 


(cm) 

1 9 


1.22 


1.00 

0.96 


0.82 


Cation
 
exchange
 
capacity
 

(meq/iOO g)
 

74.8
 

73.8
 

72.7
 

68.6
 

61.4
 



Micronutrients
 

Vertisols of India in general are fairly rich in total micronurrients,
 

namely iron, manganese, and zinc. Availability of these nutrients are
 
less than 1% of total nutrients. Micronutrient scat-us in Vertisols of
 
Karnataka shown in Figs. 13 and 14 amply demonstrate:s the above point
(unpublished report of the Advance Centre for Black Soil Research). Further, 
the data shown in Figs. 13 and 14 indicate t-hat the amounts of total and 
available micronun rient,; are influenced to a great. eXlent on the nature 
of the parent malterial from which the Vertisols are derived. Vertisols 

of granite-gneiss and calcite origin contain more available Fe, Mn, Cu, 
and Zn than soils derived from granite and basalt. 

Iron and Manganese 

Vertisols of India are genera.!y rich in tot:al iron and manganese, 
having vallues ring ing i rom I to 5'!.. Avai lability of iron is low because 
of high pH1, clcareous nature, and high nat iye Mn content. 

Iron defI icierncy iin crops grown in Vet. isol I!; a result o the formation 
of insoluble iro ph.phsphat oil the root sirIace ont ri but ing to iIiInobiI i zrtion 
of Fe ill roots. )uring tie wet phase, when soi Is are watler'logged either 
by rainfall or irrigation, iron oxides are mobilized to ferrous iron by 
bacteri a under 34 reduc i ng cond iI ions . The I errous i ron thus t o rmed go't s 
oxidi zed I o Fe at t he ,XlXtrSO, of higher val eici oxides of n and rest rici 
the moev, nt of Fe I rou roots t o lither pl nt part s , result ing iii Fe disorder 
leading t ! he so-cal led "iron chlorosi s." 

This is serious imlp icat ions iii th iron nlutrii, io of crop plants 
grown irn Vero i oIs wit Ii Irigh ni ive rina ig rne!;,. Soi I appl i rcation f I Ierti. -
I i Zt'r iron t, V, rt i So Is 1igh ii i tni ve manganese wi II not be 0ii airy belle fit 
arnd ci I11( eve aggravate te p rob lem of iron def i c i eVCy by 1iri ng i ng morO 
mangan.iese iiito tire soi I so I ut i on. Unpubl iWsed rSu ts and ti, work carried 
out elsewlitei' suggest s t 1hr besides correct. ing t Ie def iciency through iron

containing ef t lizers , the use of genotypes titlerant to iron dvi icincy 
hIs bten f ound I I le 1)a lrom is i ng app roac Ii. 

Zinc
 

Tr tal zinc conteni Ol Vertisols is or the order of 60 - 90 )ppm; that 
o I ava i I all e zinc is 0.5 ppm. 

Results of yield responses of wheal to zinc in Vertisols of Maharasht ra 
and KarnaLak are sflwn in Figs. 15 and 16. 

Results I ronr Mathdrii sht ra , Indira, indicate tlat. 20 kg of ZnSO 4 /ba hirs 
increased the grain yied o soinaI ike wraI by 567, over iit zinc t-reatment 
(Shinde e al., I177 . 

Results similar . tLhis wecre observed ini tre experirents conduct:ed 
by the Advance Centler for Black Soil Research, Dharwid, Karnataka under 
rainiled condit ions. Grain yield of wheat w;is 1.6 t/har when the soil was 
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Figure 13. Total micronutrient element status 
in Vertisols of Karnataka, India.
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Figure 15. Wheat grain yield as 
influenced by the application of graded levels of
zinc through two sources. (After Shinde et al., 1977.)
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Figure 16. 	 Response of wheat to micronutrients inVertisols
 
(Typic Chromusterts) under dryland conditions.
 
(Source: Ann. Rep. Adv. Centre for Black Soil
 
Res., Dharwad, India, 1981-82.)
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supplied with 25 N and 12.5 kg P2 0 5 per ha along with Zn, Mn, and Fe as
compared with 1.3 t/ha under 25 N and 12.5 kg P2 0 5 only (Fig. 16). This 
indicates that 
the response of wheat to micronutrients will be better when 
the crop is provided with a tixture of Zn, Mn, and Fe. 

Copper
 

The total copper content of Vertisols of India is 100 ppm. Available 
copier as measured by DTPA extraction is in the range of I - 2 ppm. Vertisols 
are not copper deficient, and hardly any positive yield response to copper 
has been reported.
 

Molybdenum
 

Total molybdenum content of Vertisols is in the range of 1 - 3 ppm.
There has not been much research on the response of crops to molybdenum 
in Vertisols of India. 

Unpublished research work of the Advance Centre lor Black Soil Research 
indicate a signi f ilant response of cowpea to applied molybdenum in irri
gated Vertisols of Karnataka (Fig. 17). Direct application of molybdenum 
to cowpea at the rate of 0.5 kg per hA with iON, 50 P20 5 , 10 K20 kg/ha
showed an increase in grain yield by 0.27 t /ha over no fort.ilizers. Further,
the data prt,;tnted in Fig. 17 indicate a good residual aifect of molybdenum 
on the postI-MOlSO(,n sorghum .rop. 
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T_- OF V-ERT, SOL 
FOR- RA'INFED7~CROP7 PRODUCTIONiNTH71D !~~ 

M.A.~Hahmoud , . 

of~ the total crop~ area of the ,Sudan, nearLy 8%i aifd Ti
 
peenge.is , ncreasing due 1,to thrapid ex a'nsion in"4 rain ed mechanized
 
farming ~as compared 't o the Iim it. e pansion ,possiblein !irrigated area sY 
The ,Sudan has a'resrv of some 75 'million' hectares of'abl'land still J'U 

untapped. Wich~,thbe we ,h n-avalaj2 and~poteltial ~irrigationlimita~.ions I 

~waLer almiost "'~l.thesge -reser~vesscmrv to be dsid forrindcroppingp,
 
if and whe ar bouh ude clivtin
 

About' 6.5 million:: hectares are bein~gcroppeddannually' in the rain-,, 

lands- ,4This" is'divided dalmos't equIlly between two .ssc'tors:~ th~u,so-called< 
"Ladtbal n "modern" s~ec~tors.' 7 *

sector 4refers to the, peasanit, farming methods-,-cultivat.,ing< J~K"he~traditional 
,~a' fewhecaresperfamily 'usinig 'primiitive' hand tools--w:ih ha 

~in .che' country' for millenia. also includes the, now~,,almost vanished 1,
.It 


"hareeg" cultivation. Until.~ the advent of :the~ tractor, -hareeg 4was,,-tile. 
only,,,means for cropping a' comparatively' larger area than hand_ tools 'woulK _ 

S'..'?' Esetally it'consists '?f leaving the" land to 'rest, for, two~o'r'i"'
 

i"'more years to .develop a .dense cover Of:tall 'grasses, , Well protected4 b~y7f
 
"fire lines., After' enough rains have fallen to germinate the week seeds,',,J
 
this cover of dry grasses is set afire (hence the' name, I'hareeg") to destroy 2' 
'the new weed seedlings., As a result, the farmer ,is'relieved of much~ of~ 

limited the land hiecould have clt'ivitted'the tedious hand-weeding which 


using a hoe. In many ways, th diaperac ofhae sto belaetd
 

By "miiodern", ,sector'we mean' that type of 'rainfed 'farmin g where, at least 
S a tractor aid'Iharrow are used for preparing a clean scedbed." Almost, invari-,'~ 

ably this" is followed by mechanical seeding with a see'd'dril~l or' a 'combined 
.2',' disc harrow/seeder. I n mo-t cases harvesting is still 'done by, hand, but 

a combine' is used for. thresh'n'sorghum. ''~ 

Tile',Vertisd Is present' nvc~,rious management problems 'for the raiioa 
,farmer'' Tile difficulty 'of~working these soils' with~ a -hand hoc'2and the 

hazard of their getting waterlogged' a're' perhaps the 'only management aspects ~ 
' worthy of..Mention. Hence, we are here dealing mainly with management of ;K 

the Vertiso'ls undeor mechanized farming. ''4' 

317~' 

http:peenge.is


RAINFALL
 

Rainfed mechanized farming is mostly practiced in areas with an annual 
rainfall of 500 mm 
and more. The greatest 
bulk of its area lies between
 
the 600 mm and 800 mm isohytes on the heavy cracking clays of the Central 
Rainlands belt. No mechanization to speak of i,; practiced on light soils 
in this belt or elsewhere in t:he country.
 

Table I gives the long-term (30-Y years) average monthly and annual 
rainfo]i of five stations that! represent the major cente.'s of mechanized 
farming. From this table it is evident that summer is the rainy season
in these areas. Though there are0 some showers in April and May, !fect. ivi 
rains start in June. They reach their peak in August, or sometimes in 
July, and end, almost. abrutly, in October. This pattern is true for poten
tial areas of mecbanizel farming expansion on tie clay plain ,, -hough the 
season lengthens at both ends as one goes sou:.h, with increased monthly 
and annuai totals. 

Table I. 	 Total monthly and annual rainfall (mm), at five stations in main 
mechanized farming centers (average of 30-35 yeacsj. 

Station U .oTo C 0 t.a I 
*-i3- 0~~< .0 = " <- J C)0-~-

VJ) 0 Z 1Z 

Gedaref 0 0 0 4 27 83 157 187 99 23 3 0 584 

Doka 0 0 I 6 31 121 186 196 108 37 4 0 680 

Roseisis 0 0 1 19 40 119 181 203 129 41 3 0 736 

Renk 
 0 0 1 3 28 74 117 155 
 95 54 	 1 0 528
 

Dilling 	 0 0 2 6 
 40 83 147 171 111 40 1 0 606
 

CROPS
 

The present main crops of both sectors of the rainfed Vertisols are
sorghur.., scsame, and cotton. Ellorts are beitng made to illt: roduce new crops,
especial ly 	 soyl -an and suni lowe r, t-o achieve higher and more stable profits
and to maint-ain soil fort.ilit y and healthm tLhrough more balanced crop rota
tions. Maize grot-s and yields; well i n these environmert.s, but f a rme rs 
have not. developed any interest in il. 

-U8
 



Sorghum
 

the country's total cropped area, and
 
Sorghum occupies around ,40% of 


sector. Its wide range of adaptation,

about 85-90% of the mechanized rainfed 


and low cost of production accounts for this high
 
ease of mechanization, 


This is not agronoincally desirable, as 
percentage under mechanization. 

with a soil-depleting crop associated 
i: results in virtual monecropping 

(Stt'iqa hc,'eonthica).with the noxious, parasitic weed "buda" 


Scsame
 

15% of Sudan's cropped
about I million heetares, orSesame accounts for 
42% is on Vertisols and 22% is in the
 

the total sesame area, 
The crop is wholly rainied in this country. It isarea. Of 


mechanized sector. 

moisture apt to he encountered on clays. On 

sensitive to the excessive 

to respond to' applications of major . rti

such heavy soils, the crop failed 

best precursor to all crops in crop
 

lizers, and it: wa; found to be the 
it- occupies in rotations 

sequence trials. In spite o f this, the :;ha re 
capsules. This c'alls 

litited due to the shattering nature of its mature
is 
labor within a short period ior harvest and has 
 up to now 

for intensive 
iuled out mechanical harvesting. 

a fine .eedbed on rainfed heavy clays

The difficulty of preparing 

seeds sowing
the placement, of sesame's minute at. 
pro,ents sOTT0 problems with 

and with t-he emergence of its weak seedlings. 

Cotton
 

exceeding 

present no special problems forA small area of cotton is grown in the mechanized sector, not 

1/1 of its total cropped area. The soil s 

(I tf area, rainy season is usual ly toothe the cotton growing, but. i1 l0S I 
The crop's area is expected to increase
 

for a good crop ol cotton.
ghort 

of higher rainfall. 

as mechanization advnces t.wrds regions 

were
rainlands, there 

In all fertilizer I rials with cot ton in the 

by nitro
no favorable yield responses. Yields were occasionally depressed 


cotzton. This 
behavior
 
contrary to experience with irrigatied 

gen applicat ion, 
a d lay in lowring and enhancement of vegetative

is most probably due to 
ef fc. s are hazardous under such a short 

growth caused by nitrogen. Bot-h 

seasoi. 

MANAUEMENT PROBLEMS OF MECHANIZED RAINFED VERTISOLS
 

interact to create different
 
Soil, moisturoe, maich i ne ry, and crps 

we I I unde rstood. Such i undirstanding is essen
probl er: wh ich have to be 

these problems

tial o good uinagenent and profI it ahle i arming. aiy of 

to artri ye at soluLtins. The 
inve;t ia,,gled by resei rchrs nave yet t) be 

each 11 the major Ifactors are brietfly Outlined 
ma in p hi ems CuAsUd by 


here.
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Soils
 

When dry, Vertisols contract, 
harden, ind
and expensive crack heavily. Very powerful
tractors 
and tillage implements
the period are needed to
January work them in
to May. Tractors
cannot and implements
s:ork the now commonly
soil during in use
this period. 
 Early harvest
to carry sum- of makes it possiblethe primely tillage immeciiatelysoils are after harvest whilestill wcrkable. theThis also makes iL possible totillage and start secondarysowing early after the onset of rains. 
Post-harvest tillage would give
the the soil adequate time
cracks so beneficial for to dry, formingdeep penetration 
of rainwater.heavy tillage tends Pre-sowingto seal these cracks, causing waterlogging and runoff. 

On the other hand, these soils arccannot be so sticky when wet thatused. Tractors machineryget stuck,
get and harrows, planters,clogged. Preparation and seed drillsof a good seedbed andbecome difficult proper placement of seedor impossible on soils that aredays that machinery can t:oo wet. The number ofbe used in the field decreasethus going with increasing rains,from 15 to 18 days in June to 3 to 5 days in August.
 

To overcome 
 these difiicultits, it is recommendedtion and sowing as early as 
to starr land preparamade possibleresults, sowing by tOw onset of rains.should For bestend by mid-July.

use To help ichieveof herbicides this end,is being investigated the
and promoted.their sowing awaiting Most farmers delaymaximum 
 weed germination, 
 so
weeds with as to destroythe last harrowing. Successful these 

the use of herbicidesneed for this de lay. would obviateDelayed sowing is ptrhaps t.he major reason forthe low yields now obtaitned.
 

Low permeability is amther featurerains of these roils. Atthis results the peakin loss of valuable ofwater through evaporationThis and runoff.is elten associated with harmful waterlogging.
 

Use of chisel 1
 p oughs and incorporationthe remedies of crop residuesrecommended are some of(and debated)has to promote permeability.yet to prove iheir value Researchand solve problems facingEarly sowing, however, their application.is again recommended to minimize the harmfulof waterlogging effectsas older plants are more tolerant. 

Moisture
 

What was said about soils says
the soils are 

ruch about moisture. Ilowever, thoughpractically unif;rm throughoutis not. the mechanizedIn the northern limits mich area, moistureyield is lostwhile in its extreme due to moisture deficiency,south excessive moisturegreater losses. may cause as great or evenGrowing of crops and varietiesperiod and drought of the iapropriate maturityor waterloggiug toleranceMethods is the main recommendationto promote moisture conservation here. 
be used. or excess waterCrop densities dra inage areare to be adjusted for optimum 

to 
use of available

moisture. 

An imnortant management aspect in the clay rainlandswater for 'iuman and animal is provision ofuse and crop spraying. Most of these lands lacks 
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any form of tapable groundwater. Ponded rainwater is the only source.
 

"hafirs") are an essential part of farming
Artificial ponds (the so-called 


in these area. The low permeability of 
the soil is an asset for this method
 

of water storage.
 

Machinery
 

of tractor andMuch debate is going on about the best- kind and size 
are most beneficial or least harmful.implementis to use, and what operations 

debate covers such mattiers as soil compact ion and hardpanning, minimumThe 

tillage, destruction of weeds, moisture preservat-ion, fate of crop residues, 

maximization of yields, :ind reduction of costs of productiion and soil conserva

are jost ,start ing to ijvest igal:e these quest.ions and muchtion. Researchers 
has to await t. heir fi d iogs. 

At. p resent , mos,t f armw rs use a medium-si ze tractor of 65-75 lIP ad a 

The land is harrowed once, or sometimes twice,wide--leve l disc hairow/seeder. 

before sowing and once again wit-h sowing. The seeder is used in such a way
 

thaL the sed is almost broadcast rat her than dri lled. Weeding is done by
 

hand. Except for threshing sorghum, a II harvesting operat ions are manual.
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GROUNDNUT PRODUCTION','IN' 1RRICATED'VERTISOLS:'OF.-:TIIE'GEZRA 

AC......HIEVEMENTS 'AND PROBLEMS ~~ 

-~7 ~ H.. sha-g-and- M.B.Sad 

Groundnuts (Aradhiso ljyoea'L.)are a valuable Ca sh a n deXP ' :rp 
third I was ~a docline in'for 	 t h c',Sudan,,).ranking i n ''l.~I n 1980, ~there 

exported. tonnage;"(22 '000 tons)""and~groundtuts ranked fifth and contributed 
2,2%'2of the total 'export4 v~a1ue ,('Anon'.',1980). 

-'Groundnur-s :,have become ,increasingly important""in:"irrigated 4areaIs of>the"-Sudan. ,4 evefleen 'to257Aof'htta aceg~is undeirgtoan
 
the,">*4~\l a r a e , n44" e , r i a 4tt 

Sthis~ p roduces about 7-5% rof the' total 4 roducion. The acrea'ge under.,, rr gation 
'~provides a 'saiiigefco gonntpouto, which ~is not present, W 
in areais"-of 'thle '"-"i'ocher groundnut-prodlcin 	 wo6rld. 

Up to- the 1960s there was an erroneous belief, that thU 'heavy. clay soils'4" 
ofthe 'Geira were nt suit'ed for groundnut, p'odctio Pursuant t '4th'is~ 

beif a minimum research effort, was carried'outin the Agricultural lR search ' 

Corporation on this crop. In 1946 the' British government"'proposed a'bold 
plan to grow 3.21 million acres of groundnuts 'using mechanical,. production' 
"in 'East Africa in order to alleviate' the world's chroni~c "shortage "of facts." 4 
(Matheson and Bovill, 1950). 

Detailed and intensive research showed that-the potential' and pod yield
of groundnuts in irrigated Gezira is about 6.7 tons per hectare (Isl-iag, 1l982a).-"' 
The main factors contributing to this high yield are: climate, soils' and"> 
4fertilizers, and crop managemnent:. '~' 

r " V ' - ' ' :- ' '~' ~C L I M A T E' 	 ' 

S~'4"4~',''>Groundnut~s are 'grown. from, 4Q0 N to 40 0 S of thle equator. The. climate"4 
>'j'ofi the Gezira is semi-arid with abundant;'sunshine and a solar radiation "of' ""' 

548 cal/cm2 /day. McKinion' et a]. (1974). 'reported that groundnuts are more, 
efficient 'in light capture 'than "cotton. The ran eao sfrom, Nay to 
October with' the heaviest. rainfall during eul'rainy uut ihrltv 

'Averagehumidity in July-August promotes 'flower production. 'temperat'ures 
2> 	 vary from'330 C in-Nay' to"23'C in January.. The absolute maximum is 'around
 

45' C and Lhe' minimum. is around 15 OC (AOAD, '1974). of 'disLeases "
'I~ncidence 

is little in the. Gezira' environment owing 'to the warm subtropicalI'climate. , 

"~~Thus, 'the Gezira climate does not impose limitations for groundnut production.,' 

4444 	 ' ' ''" 



SOILS AND FERTILIZERS
 

Soils
 

The Gezira is that part: of the central clay plain of the Sudan situated
between the Blue and White Nile Rivers sout:h of Khartoum. The Gezira scheme
and the Nlanagil extension which are watered from the Blue Nile occupy the
northern part of tht central clay plain; this is the most important agri
cultural land in the Sudan. The general assessmenti of heavy clay soils in
the central clay plain irom the point of view of suitability for irrigation
rests on a foundation laid in work in the Gezira soils. 

The soils of the Gezira are relatcively uniform due to uniform parent
material, nearly level relief and hot semiarid climati'. Several attempts
were made in the past to identify and classify the Gezira soils. Finck (1961)
reviewed all these pas:c aLterupts and proposed that the Gezira soils are tmost.ly
Vertisols. Finck's proposal was further extended to classify and define
approximately the extent of the various subgroups and types identified iIthe Gezira area (Robinson, Magar and Rai, 1969). York and Colwell (1951)
described the ideal soil for groundnuts as a 'weIl-drained, light-colored,
friable, sandy loam, well supplied with caIlium and moderate amounts of
organic matter". Reid and Cox (1973) considered otlicr soil propert ies which
affect Lhe growth and yield of groundnuts, namely th(' influence of soil properties on air, water, temperaLure, pest an(d ease Of cul ivat ion, digging, 
and harvesting. 

The Gezira soil is alkaline, high in cracking m'itmori Ilonit ic clay
with impeded drainage and a high salt content. The wit t. r talerv is somi(
feet below the surface water Lable. InI general, 

60 
the clay colntetit incriase;o

from north to south Over L.h' Gi,zi ra plain and is usual ly un i irm wit l depth

or increases slight ly. Al though relatively high in ntitrientt content , prOducti
vit:y may be limited because of difficult ies in management . The high clay
content tends to stain t.he pods of groundnut.s as the clay part iclt's adhere 
to them. Ikith regard to soil reaction, the optimum pll for groundulIus varies
from 5.5 to 6.2, hut hig, pod yitId is obtain'd with higher 1)11. 

GrOtUldlult s pi rforln rat her poorly in lodic soils because higher xchange
able sodium percini age ait iagonizes tih absorpt ion of calcium, an itportant
nutrient eIemn t for pod filIing. 

GroundtiLt are ; i oi]-dvp1 t. in g crop aind rquiri a considerable amount
of nutrients for high yields. Iat iin ( 19 ') reported that ior t'very ton
of unshelled pods and oli( ton of iiy , 40-47 kg of N, 7.5-8 kg of P20 5 , 16
22 of K20, 9-14 kg of (aO and 10-12 kg of MgOI are removed. 

Nitrogen
 

Verti so ls o the Gczira ar' inhtt'rnLly Iow in nit roge'n; urei is commonly
used Lo supply ext. ra nitrogen for most (i t he ctops grwni ill the rotat:ion.
This low t,cti!t of nitrogen (300 ppm) is expected btcaisc' of the prevailing
climatic condi. itm s. lowever, grotmiclnuts' responst to itrogei [ercilzal. ioi 
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of urea at the rate of 40 kg N/ha did not increase the pod yield of semi
spreading types. On the other hand, Iladad (1981) reported an increase in
 
pods when applying 40 kg N/ha to Barberton (a bunch type) probably because
 
of the different growth habit of the root system. It is noteworthy that
 
the utilization of applied nitrogen in these alkaline heavy clay soils is
 
rolatively low. This low recovery is attributed mainly to volatilization
 
of ammonia and to a lesser extent to leaching and ammonium fixation (Jewitt,
 
1942; Musa, 1968; Said, 1973).
 

Nodulation is generally satisfactory and groundnuts grown at the Gezira
 
Research Station were found to fix 100 kg N/ha (Musa, 1974). Inoculation
 
of Ashford variety increased pod yield by only 4%.
 

Phosphorus
 

The total phosphorus values of the Gezira Vertisols are generally high
 
throughout the profile, varying between 406 and 700 ppm and the values, 
generally, increased Iron north to south (Said, 1975). Available phosphorus, 
estimated by the sodium bicarbonate extraction procedure, was very low (1.4 
to 4.5 ppm). Results from studies on the fate ol fertilizer phosphorus added 
to these soils indicated that most of the, applied phosphorus was converted 
to calcium phosphate and retained in the top 30 cm layer. In conformity 
with this finding, Ishag et al. (1980) found that broadcasting fertilizer 

phosphorus had no vi fect on groundnuts' yield, but applying the fortilizer 
with the seed gave il increase in yield up to 21%. Signi f icant response 
to pl aced pho;phorus is expected when the high phosphorus requi rement of 
then leguminous crop and the very low Vlluies Of availaIble phosphorus are taken 
into consideration. Nodularion of legumes wi; reported to be checked by 
phosphorus deficiettcy whileIadded phosphorus was found to incr,ase the number 
and density of nodules, nodule growth, the raLte of nitrogen I xation per 
weight and the uptake of other nutrients, probably as a result of increased 
root activity (We Gvus, 1967).
 

Other nutrients
 

With regard to other macro- and micronurrienrs, the Gezira Vertisols 
are rich in ptlSSiuMn, calcium, sulphur, and probably also in magnesium (Finck 
and Peters, 1961). Micronutrients received little attention but it is 
general ly considered that manganese, copper, boron, and molybdenum are in 
adequate supply. Zinc def iciency was reported in citrus triees and maize. 
The first micronut.ri rnr deficiency detected i n the Gezira Vertisols was an
 
iron chlorosis of groundnuts (Muck, 1960). The e fect of this chlorosis
 
on final yield was investigated by Babiker (1963). 

CROP MANAGEMENT
 

Rotation
 

The present Gezira rotation is cotto,-wheat-groundnut/dura-fallow, and
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-- - --

b2oef h c o.nsoun dnu :/ura-wheat-fal ow. I ssort
pio~id'.bew Lh,,plln -o cotnstaiks~ad 1"i %in p' Lof', gIou .-Piryasn parharion a~i'l~gig 

c,,un rn t , r'6n. i~ on. a -ou nn ed u, 6 4 Lh6 e n16A M4~b IandI ' 

ahadwa sao
c 
 ,on-grounnuts'
O co.L s , adopted, ln-ccosrr'" , O a , iI ds';, sn nd ' groundnu s, are u. 

hanh'h r 

Grondntsrequire' a loose, Lfriable soili.:Into,,which the.eg canpene

trate easi ly'. c so ihs ina f, L o." i ui n 

-


The, highess po d yield of,, grhii dn ut~-''land 4 'w .obai when' thethewas ,~i sc-ploughed at 
 a depth"'f 20 cm fo 
owed by harrowing or
ploughing at the same depth b o n(ishag at al , 190).U~-inder heavy rainfall -conditions, h introduction of rotovation gave, higher
'pod' yield ,than 4 $harrowing', 'probably because ;it had :created gjood crumbly;'~..J%
receptive surface: that trapped 
most of the rains in g h rooth zone.e 

: ,a.Ridging 
 only, 'which is the mon practian fo .ronI t production :A 
i.i rigatedshemes,h consistently lower pod yield. Ridging onl' : wasJ~expected to ' have resulted. in unfavorable soil,physicalcoditions, i a -com-.pacted subsurface layer, restricted root gotan e lopment, and restricted. 

i-free movement l.owater and soilaeration. . These conditions may' have~~~''buted contri-.to the formation of fewer pods par plant. To obtai high pdyed ~~ 
,under 'such conditions, closer spacing must be adopted. However, when discploughing with hariowing or rotovation is practiced, a lower seed rate can.....be because 

of 'pods per plant. . .,...
 

jw. used of the production of more numbers of branches and more numbers' 

Sowing date 

1--

Early 'sowings increase both pod and hay yield. Yields in the Gezira
"were found to decrease 53%. from June to September sowings. For Virginiatype, the reduction in yield was '53%, while fo pnihte, he edcion


£1')-E:[i~ainzyield was even higher, amounting to 70% (Ishag, .1965). in pod y i::I)ii~ 

' Plants population ,~ 

One of the most critical factors limiting yields of groundnUtzs is-low 
S 
 plant .population. In. the Gezira Research Station, the highest 'yield of
"4'Ashford variety was obtained at 60 cm x 15 cm- spacing' while the highest yield
 ' 

of Barberton (Spanish type) was obtained at 40 cm ,x 15 cm. It Is suggested 

that 'the optimum spacing for. varied becausetype red
 
In~their growth habits (Ishag, 1970). . .
 

these varieties for Spns ofthdifferences 
.

l 38 uviarotr;'e lloh cultivars in all sesn and in 

diferetsha ite.(182 reored li.t ll 83exhibited dogttoler
anc. are normally' grown in rainfed areas of western
,Spaishtypswhich

-Sudan yield less in'the Gezira than the semi-spreading cultivars because 

- "+' + + v>+A '; ++ :, 'i + ' i + :+326 + ,. : + ,+ ' + ......, 4+ +I + 1 , + Ii + 1 + + 
: . + 

+J' '+;+.. .,.., fi++,+ <+1,,.:=+++>,i ++, ,, P;:i>+ 1+: +i + 11 , ,' + " .+;'" + i+ + +. ++ + ++.I <+ +: +; ! >I + 6+'!e+ ++ i' +', :i +? " + 4441+, .++;1, +-;+"+++:.I. i+. ,.+ 1++,+.+<+,+++ ,1: 1 o:: 1+ + i +11=<'4' ''r4 ,+1,,+-+:.,++++.++ :..+,,i -++w 4:+i]] ,:+ 4++ 4 '+ +;+:: + ++.,-+ ,+ 4)44. , + ++'<
4 ... ++% +. ++ Z ' + !+++-'-' +4'+++ b+.+ 4 4=++.+ + +m +,+ : 



Suitable~ grou'dU gty'e sar cneeded-to 

{Weeds 4'reduce the pod yil lgroundnuts by aoUt 80% (Ishag '1971),--' 

The folwng pre-emergencyj herbicides,,were' fouind"to be, ef fective in---'i
~controlliiigwe ds ing oundnuts;:,Ronstar'(Oxadia?.on) ,at a irate of O.5.6'A
 
'kg'.a.i. I per feddan;, Balan (Benefin) at a 'rate of 0.*60 kg a.-i. per feddan,
 
and Tok .E-25 oNirde rate 1'.'50-2.00 kg a. i. per feddan. Low rates
)~ at, a: of 

o'~f,~ herbicides, are suffic ,ient t o Icontrol weeds under: the heavy clay soils,'
 

-mainly-becaue 
 f low organiic matter, high 'p^ and 'low permeability (Baibiker, 
~ 99 jThe' high soil <and air temperature also' favor rapid 'upt'ake of 

' herbicides. 

SIrrigation
 

Total water requirement for groundnuts in the irrigated Gezira was found
 
to be 450-500 mm (Fadl, 1977).
 

Too frequent irrigation decreases pod yield. Watering a montrnorillonitic 
clay results ,in swelling and consequently poor soil aeration., The resulting 
shortage in oxygen supply to the; roots causes nutritional deficiency 'even A 

if964).i i adequately supplied with aviilable nutrients (Finck and
 
Karouri, t6)
 

Since groundnuts are planted- during the rainy season, additional irriga
tion should be carried out very cautiously.
 

Harvesting
 

The time of harvesting is critical , as it iftects both yield and quality
 
of nuts. Too early harvesting causes the shrivelling, of kernels. Lifting
 
groundnuts late results in higher pod losses (687.). These losses are mainly

due to disintegration of hynopheres. by the wetting and drying process, (Ishag,
 
1977). Late harvest ailso subjects the pods to termite damage which
 
encourages aflatoxin contamination.:
 

Hand harvest is hard work even when a predigging irrigation Is used
 
-to soften the soil. Mechanization of the lifting process is possible, but
 
most of the machinery developed for groundnuts in Other countries was designed
 
for light, sandy soils. Groundnut pickers, can be used to harvest the pods.
 
The vines can then be gathered and used for cattle fecd.
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PROPERTIES AND MANAGEMENT OF ARIDISOLS
 

- A GENERAL APPRAISAL -


II. Liken and F. Grtneberg 

ABSTRACT
 

Aridisols are dry for more than hall the time, or never continuously
 
moist for nore than 90 days. The aridic soil moisture regime determines
 
the mode of formation of the soil, its properties and the management require
ments for dii[erent soil uses.
 

The soil profile was taken as the starting point in the discussion 
of diagnostic criteria, based mainly on the subsoil, for proper management 
of Aridisols. Argillic horizons can be formed subsequently to :arbonate 
removal, but this is unlikely under arid climatic condit ions, where percola
tion of moisrure through the profile is restricted to a few rainfall events 
during the year or to particular topographic locations. Any argillic horizons 
present in soils in arid regions were most probably formed in the past 
under more humid paleoclimatic conditions. They can be a favorable attribute 
to soilI ;ual ity with respect to moisture-holding capacity. But the textural 
heterogeneit y may aso be disadvantageous, interrupting the continuity 
of soil pores and thus restricting water movement. Under an average negative 
balance, duric, natric, salic, calcic, or gypsic horizons may be formed 
which in the case of hardened, compact layers interfere with root penetration, 
or in case of salt accumulations with plant nutrition. 

Ieaching procedures are successful only iH salts art' leached to suffi
cient depth and if a net percolation is maintained during crop periods. 
Alkal inization occurs in cases where this is not adequately carried out. 
When comparing soil quality requirements for agricultural production, rain
fed agriculture may be more sensitive to adverse soil conditions than irri
gated agriculture. With irrigation, some deficiencies of soil quality 
may be compensated through irrigation management. Soil cornervat ion is 
gaining in importance where natural conditions are increasingly adverse. 
An equilibrium has to be maintained between land resource capacity and 
land resource utilization. Afforestat ion has become especially important 
for land protection. 

INTRODUCTION
 

The term "Aridisol" stems from the U.S. Soil Taxonomy (Soil Survey
 
Staff, 1975) and refers to soils of the aridic climatic zone. A few Aridisols
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Fig. 1: Global distribution of dry climates and the occurrence of Aridisols 
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Zit- moans that -Typic1?ridtsols ' (cen'tral_ concept - accordn oSlTaooy

4
-area not-isuitablce for gener. l blIofariing unless irrigatE'd. 

Wit~ear to S2R,, no1ar "Aridsl *1b so, fa been- 'exclude rom' 

th ass ificacion,_ ac~Irg toi J'Taonony, because. >kiowledg6'd conce'rning-
these area is- still sca rce, an&! ecause theyar wtio gictia 

s gnicUance. d"Card 'I~IAcodn abI (19'82),,~hwever, similri-, 
'ties ~ist btenht and cold desert.. so~ils. '~ ~ 

0Whn goig int ~ itrnatinyLue classification systems,
7termino.ogyand~ 'meaning, of arid-rgo so 'This is 

p$artly t df f I ren ce~sr ic he def i'fA'aion o (climaticalo I do lo-~ 
ifdf r 'n es in~ctg ic' ub"' 'aio 

SA44FAO/UNESCO 4(1974) kditinguishes' Yurmoo' rmXero sol -at LeIih 
,,caCegory,.,Lhough1.bt 'odr hv an aridic( i ,, Moith'r heihet. 
Furthemr An I Solonchaks and Solo'netfsoi4ar-<AQ'sy~stem 
4as iAndividaL units at-'jho"highest classification~level, whereas.-Sii4Tanomy.

~%includoes them, unerUrdsl'a' e 4great group~I~ l Th s' can4 2~ mportant 
'e igh'ing of4 sodil: charac t'ristics with4 reispect 'to, agr4iutur~al land 

use, s described, ;for< exampln., by Vogg 981 f Saha.ra Aesert Foils~ ;44,4 

h ENVIRONMENTAL FACTORS OF ARIDISOLS i' 4 . , 4' 

4
.Parent materzld and environmental' factors, leading to ce4rtain devlop_
t" >&i. mental processes of 4 the soil and thc landscape,~ Inf luence, hnppert es"4~ 4 

of Aridisols In's accordance 'with' "the 4 soil-forming factors as ~defin edby~ 4 
Jenny, (1941)', we miust' differentiate between' climate, organisms,~ topography, 
parent material, and time. 

44,444-44444

-Climate 

"'4 The a'rid., climate is, as showt. in Fig. 2, the dominating soil-frming44'4"'; 
'I'" factor. I t~ is als'o the dominating 'clgia faLtor' ad 'isvr restrictiv'eP,'i 

to pan pioduction. 

In Fig. 3," the climatic data' of aridic 'zone~ are rel'ated to the.the 

soil waterbalance' (Fig. 3, according to' Soil Survey Staff , 1975). The 
graph presents 'three parameters: precipitation, 'potential evapt ''pia 

Lion (PE) 'estimated according' to Vthe Thornthwaitc formula, ,and air' tempera-
Lure. The areas delimited 'by' the. precipitation 'and' evapotranspirition ' 

444 lines In Fig. 3 indicate three important' moisture characteristics:4
 

R period of recharge, where, precipitation exceeds evapotranspiration; 

U period of water utilization, where plant-available soil water,
 
present (<15 bar suction pressure), and
44,444,,is '' 

'4- 44'444~7335 

'4' 4 4 ''.44.4 
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Climatic data and soil water balance: AWC50mm 
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- Precip. PE 00 Temp.
 

FIGURE 3: Climatic data and soil water balance for a soil that has
 an aridic (torric) soil moisture regime. (After Soil Survey Staff 1975) 
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Some. Ar'iisols' were obviously niot' formed' under th11eir: pr en ,3ridc
 
climtccodtos These .show dist inct,characristics which could oray'
 
doe lop~$ only u{ndo rnoiSier 'c nad ,-,"-6g '"uinYi{' Pleistoceeluvials.

O~ld soils (Pal'easls. 'a're defined Taxonomy~ as' Pa eargiswt~a
 

~agilidh~n an a P lerthIdSI with ~a potrocaLcic subsurf'aco horzn
 

AridisoIs- in aridic~ climates ,are influenced ,byJthe neaieciai
 
watLer tbalane,'ie.' the potential ,evapotranspiration Js,,greater- tnfthe~
 
'average amount of precipitatEion. AtddrceitueThis-a spoil, 


a s~~caus-e4'V'-u~a-diec 
movemenit with' a Lranslocation lof solutes 'from deoper~~aloe soil1

salts precipitated :onc~e' 
hesol alution is's'rp ssed. The depth of'the~& Or cipita46' 'ne is 

Sdepondent1 an the solubility of the. individual slts'._ Ch~lorides with th~ 
highest 'solubity undergo the furthest' traspo~rt, 'followed by the less 
solujble dsulfate salts and~the still less soluble cabonate salts.' 

Th'e 0 are t soubility' 'product of, 

If soil isolutions- mocupadbeas of capillary. forcesthe,'kolies,"'
 
Eire precipitated in the sequ'-nce of thieir' solubility (Fig. 4). vLif mineralid'd>
 

graundwtormov fram'the auae to the. unsaturated soil. zone,I- stratiid
 
LayIers, of, carbonates,, sulfate-s'" and chlorides 'are -formned, providing,-"condi
tinsa.-i equilibrium (Fig. 4 according to Kovda,1973).
 

A typical soil property 'of, Aridisols is the accumulation. of~ soluble~
 
salts and carbonates. Under humid climatic 'conditions, providing vertical
 
and lateral open dr'ainag'esystems exist, these alkaline and alIkaline-earthli
 

,~weathering products' are, leached from' the soil rooting sphere and from <the 
;soil profile and landscape area. 'In Soil Taxonomy, salt and carbonate 
adccumulation horizons, as formative 'elements of Aridisals,, are distinguished ' 

atth great group level (e.g. Natrargids,~Sa lorthids, Gypsiorthids,Calcior.4 
thids) from other. cxonomical' soil units.
 

Silica enrichment-is another phenomenon ,associated with -Aridisals.<'V
 
Silica accumulat'ioni in-'the'.subhorizons 'causes hardening and the (formation -' 

of duripans, which' do not- slake with -water and-/prevent root penetration. ''t 
The dry or at, least seasonally dry' moisture regime prevents, similar to3' ' 
salt accumulations, 'leaching' of> the dissolved1 silica.- The> occurrence of 
duripans, however, is.largely limited 'to volcanic 'areas. Soils with duripa'ns.j,4 
are differentiated- at the great 'group level, ,e.g.' Durargids, 'Nadir'argids,~~23 

Durorthids1
 

Accumulations 'of salts, carbonates,. and silica':in rdslfomcn 
ditins i the oten erioslyinterfere wtsuburfae hrizos whch 

agiclurlland use and With irrigation practices. But the availability. ' 
ofrrgatonwater-may be the only remedy in improving same of the described ' 
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soil impairments. With the application of water, the aridic SMR would
 
be changed into an udic SMR, eliminating the cause for salt accumulations.
 

Organisms
 

Under aridic environments, organisms, flora, and fauna are reduced
 
to a few species which are capable of enduring heat and drought. In the
 
case of higher plants, air temperatures of 50 0 C and more cause cell death 
by protein coagulation or desiccation, because high transpiration water
 
losses cannot be replenished at the same rate through water uptake from 
the soil. 

The natural vegetation of aridic areas is adjusted to the inhospitable 
conditions. Succulents, xerophytic, and tuberiferous plants have special 
anatomical structures which prevent excessive water losses. 

Microorganisms are particularly endurable to unfavorable conditions. 
Bacteria, actinomycetes, and algae are always present in a dormant state, 
but revive quickly if conditions improve. Their importance for agriculture 
is disputed. Accord'.ng to Dregne (1976), algae growth and microbial crusts 
may reduce water infiltration, though opposite effects may also be 
encountered. 

Nitrogen fixation by free living microorganisms may be a particular 
asset to arid-region soils, aithough the lack of water during mast times 
arid the lack of orgaoic carbon for energy may restrict nitrogen fixation. 

As a csnsequence of the limited vegetative growth of higher plants, 
Aridisols hAve low organic matter contents. This is indicated by the 
usually ligAt-colored surface horizon (ochric opipedon). Organic matter 
contents may increase under irrigation, indicated by a dark-colored epipedon 
(e.g. Anthropic Camborthid). Higher rganic matter contents are also en
countered in intergrades of Aridisols, for example in soils with an aquic 
SMR (e.g. Aquic Hiaplargid) or under cooler climates (e.g. Borollic Haplargid) 
or moister climates, where the SMR grades into xeric or ustic subgroups 
(e.g. Xerollic Natrargid, Ustollic Natrargid).
 

Topography
 

The topography is another important environmental factor with signifi
cance for soil and landscape development. Fig. 5 is a schematic diagram 
showing a cross-section of a river valley and the relationship between 
the fluvial geomorphological surfaces and the typological soil developments. 
The topographical features are made up of the floodplain with recent fluvial 
deposits, two Lerraces at higher levels, and finally the bedrock outcrops 
on both riverbanks. 

All soils are affected by water tables, which fluctuate in the river 
plain with the changing water leve s oh the stream. On the terraces, the 
water tables are a result of less permeable subsoil clay layers. However, 
lateral inflowing water also flows out laterally from higher places towards 
the inner part of the valley to join the surface drainage system of the 
river. 
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olderi fa'e Pa leargids also befu rvdng soil.floor.- may the S'O 
frmat ions, were.' developedi during r ooeetms They may; alsoC' have, 

c th4ce icaC cross sectin <I.i)
.,aquic, propert es a h i- hshmttin-Fig.5.1 

thi dif ferent soil units have, profoundli~eects" on' suitability.~ The wat-er 

socaed' 
salinization, pressest 'The, argill'ic horizons of the, soils on the ieorraces 

.Mgt-'cause impede'd~ internal 'drainage,' so that perched wate tables migh 
-be formkped ca 

t ls'intorfer, ,with arable 4farming,, particularly through ahe 

Hypothetically the model could~ beichanged with respect to drainage~ 
conditions. ;{if~ the" ie bdwr 'cat a ',a much deeper leI, te 
water- tables-,would nor: "be, a a'r'to-thet soill sirface.Consequentlj, isli'ni 
zatton' Wold'-' be reduced. >vBut. s'ea'e wih:croa containi~ag ,'waters 
would then be, a major. 'ifubrie , on soil 1oia~ and Cacirhd wol 
developon'; the' younger surfaces,' and, Petrocalcic ;Paloargf$s on the 'older' ~~ 

~ surfac,..,~ 7 p'. -~V~ 

> The~parent 'material is~a mos't significant soil-forming ,factorune k, 
ahid1c environments, since. weathering~processes 'are yless pronounced than~ 
ki~±nder -humid conditions.' Therefore,-the textural and mineralogical ,composi-~>~ 

'ti6n~ of the parent" material has a -significant influence on the -properties 
of,arid-rgo soils. Under extreme ari'd codtos hsclweathering' "~' 

-&redorninates, ±but' does lead Ifp I not to clay formation. the parent material~ 
4
~consists of consolidated rocks, mainly coarse weathering products are $~ 

produc~ed.2a

-a-- Due to.hydrolyi soreclay formation takes- place under aridic. environ-..~ 
~'a4"~ IWeaheing,K particula'rly dew, 'on' '7'jments . by occurs accunt of the high 

amplitudes of -day anid night- temperatures. 7This causes 'the -formation'on-a. 
a minor" scale of -colloidal coh ounds, K'the so-called "plasmail (Brewer and, 
Sleoman,, cited according.L o'Haberiand,. 1975) incluiding. silicate clay minerals.~

,~7 Dissolved~ iron, manganese, andl siliceous 'compounds and colloidal' cmondsaY~i 
~ are precipitated oni rock surfaces forming cruasts,-jdesert varnish and c~n 

aperig 'as~ darkly colored polishes (Fig.- 6) .: , To some extent,0 c 
organisms, capable- of metabolizing the oxidizable, iron' manganese and titanum W'~ 

participate inithe formation of these surfaces.f
o~-a~-'mpounds, -~' 
%.-The~'major parts of clays in Aridisols, however, originate from geologi -;

~cally pro'-weathered2'materials,- such as sedimentary rocks, 2shales,' cly
~anad S-siltstones., ;SinceK alkaline pHi's are prevalent,' because~ the soluble
 

products of: weathering' are not leachieda'u from the soil sphere, conditions
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Co pa t tmpi ~atte''4 cie ~ _1766sowthmon4 ~ lohihde d'~' I' aI(rg 

Jio a, enincluded b en (141 as aa soil-forming f ac to,~~ 
It refe r s ' Ideor surfc ith 'Pa"1 0-ilsihich have4 preserved some cmorpholo' 
~gica I fea~tres4caused by 4 a so1lfformingen vironmenit that , ol''erIeiL 

t'al'.,'' 4 98')'4~~-'Since. pedogenic-wthering iAs'slight4 and leaching*~
4V6 etrcet 'y he6 time fnin2is nin 1y " recogni~~~~fb carbba'~ ''

4" adpetrogypsiC;ihorizons, as well as h lu~a 
4 '~l~ 0ft'fr an rilicIt B-horizon' .is mainly attributed togoo 

ti~4mesioder .than Holocene. 'This also', imnplies stability ,of ldndform, over 
geologic- time, because, otherwise' erosion and sedimentation processes, woulId~ 

4i''have4chaniged these pedomor'phi c relief features. 4 4 

DIAGNOSTIC HORIZONS AFFECTING PLANT GROWTH'4 , 

- The 'discussion., focus es on 'the ;properties 'o f Aridisols with, respect 
L4&4.4o' their horizontal differentiation. and . heir influence 'on' plant growth. 

Aridsolsare separated- at "the 'suborder level into "Argids with an largillic 
horizon and into Orthids' without' an argillic horizon. 'fur Ither diagnostic

of, the subsurface' horizons "are4 reflected at the great group or01, 
subgroup level. These 'are' camnbic, 'natric, salic, calcic, and petrocatcic, 
gypsic and: petrogypsic, 'and thle occurrences' of a Subsequently, 

"'''criteria 

'duripan. 44 

a few, examples of, profiles 'will be, discussed, where "diagnostic' horizons 
ha~ve' particular relevance to pl'ant growth. ', 

- 44-Arg i'11c horizons ''j 

Soils with ' argillic horizons 'are' heteromorphic with respect 'to' soil 
texture 'A'clay-enriched subsoil horizon is'usually found, a 'few decimeters 
below the soil surface. According to' the Soil Taxonomy definition, an 
argillic horizon" must have at least a 1.2 fold higher clay 'content than 

horizon. ''' 

it is assumed that clay migration, producing an argillic" horizon, " 

can only' take place under higher rainfall conditions than provided by aridic 
,'climates.' There fore, most argillic horizons' were 'probably formed :during 
moister climatic periods. Furthermore, migration takes }place'" 

4-4 44 4 4 

'clay 'only 

if the soil is carbonate-free, since' carbonates keep the clay in' a flocculated " 

state preventing' "ihnthe over larger distances. Dispermirto profile
sion -of can be higherrsodiumq~'- clay, however, adtranslocation also causedb 

contents.'' ' 4 ' 
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*">3.The soils described and their respective, diagnostic horizons ,ave 
Y~direct implications 'concerning 3choice 3of3 plants ,which" may3 begon n 

> , growth with ,aplargredwth.aachange~heir 'potential performance. 
' 33of.-3 textural classes b'etwen surface soil and subsoil ,haveLa3 sufficiently ,. 

.
large- rooting volumie' potential, since layers impeding "root -penetration . 

doIdn11 Thi's be in Calci&, Haplargid,, withot -exist. must seen contrast~with 
3a 3highly calcareous horizon in the miiddle part of the profile. The' restricZ-'' 
tion, of, 3rooting 'depth is even more 3pronounced in the Paleargids3 shown.~ in, , 

FTigs. 9- and 10, especially w~hen the subsoil ,is petrocalcic (Fig.< 10)3.%>>~~ 
NAlthough~some of 'these 3 calcite enrichments may still *be permcable to water, 

i.3s demonstrated by infiltration experiments3'in Jordan, (urghhardt, 1970),, 
Sthe 	 root penetration' of moist plants is impeded,~ probably idue to,'the adverse" 
physical and chemical composition.' ' 

f j~~ 3 ' 

:2, The-argillic horizons of the profiles shown may 3represent an ,advantage_,. 
in terms of the' enlargement of the water storage' capacity, providedj the 
textural boundaries arce not too abrupt. An examnple for' such sudden textural, 
change is shown for the Typic. Paleargid in Fig. 3 9, whore a 'difference ..of-. 
40% cla'y content" was registered.' The change' in "pore' size at' the boundary 3 

between 'the' horizons' is indicated 'by 'the differences in water-holding 
capacty.. At' the 28 cm depth, between the transiftion'al A..3'and the B 213 

33 horizon,V' the '1/3' bar ,values change in 'their water-hoidi'ng 'capacity from 
7 to .21.6%. is,an intcrruption''.There18 to 40%"anid the 15 bar values from3"' 

in ,thecapllay fow f wterwithin 'the profile.'and" int'erference''wit 

i.nfiltration properties. if carbonates. are. additionally"'embedded in';the 
Bt horizon .(Fig., '10),, the coarse pores, which are very imp~ortant for internal 

"4drainage,mafurther be reduced, in number'and size. '' ' 

333Duripans 3 .. 

.3, Acc3ording t~o Soil Survey Staff (1975), the formation of Duripans occurs"'3.'" 
under aridic' climates when soils are usu'ally dry or seasonally dry. Strongly'V3 3 
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cemented duripans are usually platy and the plates are I to 15 cm thick. 
Duric horizons develop particularly in soils 6,rived from pyroclastic 
materials. 

In Fig. 11 a typic Durargid (Pedon 56 in Soil Taxonomy) is graphically 
represented on the basis of the analytical data given in Soil Taxonomy. 
The Bt is very distinct, with a 33% increase in clay content compared with 
the transitional horizon above, and an absolute clay content of 50%. The 
duric horizon is located below the Bt, mainly between 58 and 97 cm depth. 
The cemented duric horizons have a massive to weak coarse platy structure 
which is extremely hard when dry and extremely firm when moist. 

Roots, as indicators of structural and chemical inadequacies, do pene
trate slightly into the duric horizons, but only appear beneath tile duric 
horizon in fractures before ceasing completely. In comparison with the 
argillic horizons, the water content in duric horizons is reduced and also 
the cation exchange capacity is lower. But otherwise, except perhaps for 
slightly increased sodium contents and pli's, no significant analytical 
values are found that clearly characterize duric properties. Further duric 
characteristics would be increased CaCO 3 content and higher conductivity 
values of the saturation extracts. It would appear that the morphological 
criteria observable cn the profile are the best indicators of duric 
properties. 

Natric horizons
 

The influence of a natric horizon is shown in Fig. 12, a typic Natrargid 
(Pedon 58 in Soil Taxonomy). A natric horizon is defined in Soil Taxonomy 
as an argillic horizon with additional structural properties such as columns 
or higher contents of exchangeable sodium (> 15 ESP). From the graph in 
Fig. 12 tie increase in clay content and in particular in the ESP value 
with increased depth is most apparent:. 

Fig. 13 represents a Natrargid from Yugoslavia. It is similar to 
the soil in Fig. 12, but without carbonate contents in the upper part of 
the profile (Zivkovic, 1978).
 

The structure of the B-horizon is hard when dry and sticky when wet. 
This causes a reduction in coarse pore space as shown in Fig. 13. Below 
50 cm depth there is a very limited volume of drainage pores which could 
lead to stagnant water in the profile and to perched water tables. This 
would seriously interfere with leaching processes and result in further 
sodium accumulation. 

Salic properties
 

According to Soil Taxonomy, salic properties in higher classification 
categories are diagnosed when the soil contains 2% or more secondary enrich
ment of salts in at: least 15 cm thick horizons or when the product of thick
ness in cm and salt: percentage by weight is 60 or more. 

As an example, a Calcic SalorLhid is illustrated in Fig. 14. The 
soil is located in the Southern lighland of Jordan. The parent material 
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originated from Pleistocene fan deposits and is composed of pre-weathered
 
limestone mixed with some basalt material. The loamy soil has extremely
 
high cunLenus of soluble salts throughout the profile, but with maximum 
concentrations between 5 and 70 cm depth. The carbonate contents are evenly 
distributed throughout the profile, amounting to roughly 30%. 

Some associated soils in the same area have lower salt contents but 
otherwise similar characteristics as illustrated in Fig. 15. This soil 
can be classified as a Salic Calciorthid, since it does not qualify for 
a salic diagnostic property at the great group level. With respect to 
plant growth, however, the salic properties of the Salic Calciorthid (Fig. 
15) make it unsuitable for normal plant Rrowth. The measured 11 mmhos/cm 
electrical conductivity value of the 5-15 cm soil depth is only suitable 
for salt-tolerant plants. The extreme salt concentrations of the Calcic 
Salorthid (Fig. 14) prevent any plant growth. 

Gypsic horizons
 

Finally, a Calcic Gypsiorthid with gypsic diagnostic criteria is 
illustrated in Fig. 16 (ACSAD, 1980). A gypsic horizon is defined according 
to Soil Taxonomy as an enrichment of secondary sulfates that is 15 cm or 
more in thickness and has at least 5% more gypsum than thi C-horizon. 
The product- of thickness in cm and percentage of gypsum must be 150 or 
more. The soil is located in Syria on the terrace of the Euphrates River. 
The graph shows a decrease of carbonates, and an increase of sulfates towards 
depth.
 

The values for exchangeable sodium percentage (ESP) are high fo 10 
to 40 cm depth, where gypsum is low. Below this the ESP is normal. Salinity 
is uniform at I10 mmimos/cm throughout the profile. The salts consist of 
Cl and SO-- in about equal proportions. The solubility of gypsum is 
obviously dligher than chlorides are present (60 meq/l instead of 30 meq/l). 

Gypsic soil layers are mnt penot rated by roots, when the concentrations 
exceed 30% (ACSAD, 1980). 1Ihe soils become very hard when dry, and dense 
and nonporous when irrigated. They are susceptible to erosion due to the 
high gypsum and silt content s. 

LAND CAPABILITY AND :4ANAGEMENT
 

Land capability can only he assessed in relat ion to the type of land 
use and appropriate management pract Lices. As an example of the broadest 
groups of land use, we can differentiate land capabilities for irrigation, 
for rainfed agriculture, for rangeland, and for forestry. 1he respective 
management requirements are altogether different for these broad groups, 
but, they also vary greatly within these groups, depending on the ecological 
and economical conditions of the specii ic site. A few examples are given. 
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Irrigation
 

For the evaluation of irrigated land use, the three major resources
 
involved--soil, water, and plant--must be included in the study.
 

Some soil quality criteria are a prerequisite for irrigated land use: 

- Water permeability, so that the water balance provides a net
percolation of salt-loaded drainage water through the profile;
 

- a connecting hydrological system which secures the outflow of drainage 
water from the irrigated area; and 

- sufficient porous volume of the soil for water storage.
 

Some of these prerequisites for succcessful irrigation of Aridisols
 
are illustrated in Fig. 17. The net-percolation, given as the difference 
between the percolation and the capillary rise, is the decisive factor 
in the control of the salt balance of the soil, i.e. so that salts do not 
accumulate in the ooted zone. This net percolation corresponds to the 
leaching requirement (LR) formulated by the U.S. Yalinity Laboratory (1954). 
It defines the fraction of irrigation water in excess of evapotranspiration 
needs, required to pass through the soil into the outflow system. In many 
cases, artificial drainage has to be introduced. The maximum permissible 
rise of the water table is controlled by tL:e depth and distance of drainage 
ditches. Soilf like Perrocalcic Paleargids (Fig. 10) or Durargids (Fig. 
11) or especial.y Natrargids (Figs. 5, 12, and 13) do not provide sufficient 
natural dro inage. Breaking of crusts and the installation of artificial 
drainage is unavoidable. 

An experimental leaching procedure and its effectivene.;ss is illustrated 
in Fig. 18 (Liken and Nitsch, 1970). The Calcic Salorthid soil requires 
approximately 1200 mm of water before the salts are leached to a depth 
of about 80 cm. The salts remaining in the profile produce an electrical 
conductivity between 1.5 and 5 mmhos/cm. Given proper management, this 
does not present problems for irrigated land use. 

Lower waterr appl icat ions were used under field conditions (pre
irrigation with 685 mm). The polders %:cre planted with alfalfa and irrigated 
with a total of 1783 mm in 16-day intervals. The soil structure deteriorated 
gradualty duting cultivation. Analysis revealed a substantial increase 
in p1l and ESP (Table 1) and a reduction in coarse por2s which are important 
for the internal drainage of the soil (Table 2, polder C 07). Tils is 
due to insufficient leaching, i.e. the remaining salts (about 8 .nmhos at 
45 cm depth, see Fig. 18) moved upwards by capillary suction, and .he sodium 
ions are largely adsorbed by the exchange complex. At high pV'.s the CaCO 3 
has only a low solubility (about I meq/I). Therefore, the soil was converted 
from a sal ine-nonalkal ino so l, to a nonsal ine-alkaline soil . The water 
auality was not an influiencing factor, because it had a low sodium adsorption 
ratio (SAR) and a low residual bicarbonate rat io. 

The import an e ol the coarse porous volume for internal dr., inage is 
illustrated in Fig. 14-. The pedological ly I ormed Bt-horizon ncreases 
the amount ol f ino poies wit h high suct ion pressures for water arid Cecreases 
the coarse porous volume. Iletorogenic porous distribution does nLerfere 
with the e fectiveness of salt leaching. 
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Table 1. 
Chemical soi characterization 
- EC (saturation extract), pH and ESP  of Wadi Arja, Plot C 07
May, Aug., Dec. 1973.
 

Depth of Autumn 1972
sampling after 6 85mm 
 May 1973 
 August 1973

Depth EC December 1973
pH ESP 
 EC pH ESP EC pH 

De h 

ESP Depth
 
pP(cm) 
 EC pH ESP
 

0-15 0.93 
 8.4 18.4 1.47 
 8.2 17.2 1.00 8.05 
 10.6 
 0- 26 3.02 8.56 
 20.1
15-30 
 1.33 8.5 
 22.7 1.20 
 8.36 15.0
 
30-4 5 
 1.4 7 8.6 24.7 
 2.6 5 8.4 0 23.3 4 5 2 2. 86 8 
.9 6 3 . 8

45-60 
 2.06 8 .5 2 1 .6 6.02 8.2 0 20.3 5 5 . 79 
8. 55 2 . 6
56- 75 6.79 8.55 
 29.6
 

80-103 20.94 8.25
(GrUneberg et al., 34.6
1969; Crineberg, 1975)
 

Table 2. Physical soil characterization 
and pore size 
distribution 
of Wadi Arja, Plots L 2 and C 07.
 
Plot Exp. I L2 
 Polder C 07
(nonsaline - nonalkaline) Difference
(nonsiline - alkaline) Exp. I L2 --C 07
 

Depth of Total 
 Depth of
sampling Total
pore > l0 p 10-2 p < 2 v sampling pore > I01 !0- 2 Total 
(cm) volume vol % vol % 

p < 2v pore >lOp 1O-2p >2vol% (cm) volume 1 
M(--------) vol % vo1% vol% volume vo I vol % vol%(1/) 

(- -----0-15 53.7 
 16.9 
 22.9 13.9 11-16 41.o 3.8 9.0 28.2 -12.7 -13.1 -13.9 
 +14.3
 
15-30 49.3 16.0 11.3 
 22.0
 
30-45 46.8 
 15.9 
 9.4 21.5 26-38 43.0 
 5.2 9.8 
 28.0 
 - 3.8 -10.7 + 0.445-60 49.2 + 6.5
28.0 
 8.0 13.1 50-55 42.8 
 8.6 8.9 
 25.3 
 - 6.6 -19.4 + 0.6 
 +12.2
 
60-75 52.9 
 29.6 10.8 
 12.5
 
(Gr~neberg et al., 1969; 
Crtneberg, 1975)
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Rainfed agriculture
 

Rainfed agriculture under 
arid conditions must be 
seen under a completely
different perspective. As investigations have 
 shown (Lilken, 1975), land

selection under 
arid and semi-arid climates 
 for rainfed agriculture is
 more difficult than 
for irrigated agriculture. 
 Some soil qualities are
very critical when water is scarce, e.g. the water storage capacity, the 
rate of water infiltration, and the 
rooting volume. Some of these limitations
 
can be compensated for by irrigation.
 

Under dryland, loess-like 
soil materials are particularly suited because
they have a high water-holding capacity. if a fallow system is used, sufficient moisture can 
 be stored to supplement the limited rainfall during
the cropping year. Fallow 
systems are used 
in semi-arid climates with
200-400 mm rainfall. The method consists of cropping 
in alternative years
with a fallow period in between. The moisture stored in the fallow yearis only a small portion of the rainfall received, but it generally 
secures
 
sufficient yields.
 

The tillage practices 
under rainfed agriculture must conserve water.
Plowing must be shallow to prevent drying of deeper soil layers. The soil 
must have a rough surface, so that rainfall runoff is minimized. Crop
residues must be maintained at the soil surface so that a soil-protectingmulch is created which conserves moisture and reduces erosion by wind and 
water.
 

It rainfall 
is below 200 mm, tillage farming is generally prohibited
because of very low yields. The soil surface will be bare and unprotected
over long periods. Destructive effects of direct 
 sun, wind, and water
will easily lead to desertification 
(UNCOD, 1977). Increased attention

has to be paid to soil protection. Slight slopes promotie excessive runoff.Contour farming, where tillage and planting operations are carried 
across the slope of the 

out 
land, with parallel ridges and furrows, redoces
water runoff. Terracing is effective 
 against soil erosion. Soil removal


in hilly land, however, must be carried 
 out in accordance with profilecharacteristics. Infertile soil horizons and raw parent materials should
 
not be exposed to the surface.
 

Water-collecting syst-em; can greatly enhance and secure yields underlow rainfall conditions. These systems are still in operation in the MiddleEast (Lenthe, 1978; 
 Liiken, 1975) and elsewhere. More modern systems inother areas are known as "water-harvesting" and "runoff management" systems. 

Rangeland 

Rangeland management under arid conditions is comprised mainly ofrough grazing by permanent pasturalism or by nomadism. Rangeland management

requires, in particular, ecologically adapLd forms with an 
 equilibrium

between plant productivity, soil conservation, livestock density 
and use
of water resources. According to UNCOD (1977), land degradation is most severe in rangeland areas. It is affecting yearly 3.2 million ha, 
as compared
with 2.5 million 
ha for rainfed farmland 
and 0.125 million ha for irrigated
 
farmland.
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The management requirements consist almost solely of the ranipulation
 

of the grazing animals to attain an intensity of forage use that maintains
 

normal forage growth and soil productivity (Wasser et al., 1957). Forage
 

plants tolerate only a certain degree of foliage removal by the animals,
 

and it is necessary to reduce grazing 
during times of low productivity.
 

Plant covecage breaks the impact of rain and prevents puddling of soil.
 

It minimizes raindrop splash and dislodging of soil particles and protects
 

the soil from erosion.
 

Land use as rangeland by nomadism is an extcnsive production system
 

of low cost, but of high desertification potential (UNCOD, 1977). Grazing
 

lands in nomadic herding regions usually need very large areas to sustain
 

the animals, though this varies with the precipitation available.
 

Cattle require ranges of higher quality and more water to drin than 

higher rainfallgoats and sheep. Cattle can only be raised in areas with 

than that available in aridic zones.
 

Table 3. Area required to feed one livestock unit.
 

Annual rainfall No. of ha per
 

(mm) livestock unit
 

50 or more
50 - 100 


10 - 15
200 - 400 


6 - 12
400 - 600 


(UNCOD, 1977. Background Document, Technology, and Desertification)
 

Grazing land, according to UNCOD (1977), does not deteriorate as long 

as plant productivity and animal pressure are in equilibrium. It is suggested 

that management practices include revegetation for fodder production in 

accordance with adaptability to soil and climate, to palatability and to 

general improvement measures, so that seasonal deficiencies and land degrada

tion can be avoided.
 

Forestry
 

Afforestation would help to stabilize the land nd provide wood for 

fuel in rural areas. A careful appraisal of environmental conditions is 

necessary. Shelter beltq and windbreaks combat erosion and provide shaded
 

areas for animals.
 

be carried out without supplemental
Reforestation can generally not 

the youth stage of tihe trees. it
irrigation, required at least during 


trees in low spot! where runoff water collects.
is also possible to plant 


The choice of species requires the greatest attention. For example,
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Prosopis chilensis, a Mesquite 
 species, was 
 successfully introduced 
 inthe Sudan in 1928 kKassas, 
cited by UNCOD, 1977). 
 It is drought-resistant
and provides fuel wood 
as well as fodder, and as a 
shelter belt, protects

the soil against erosion.
 

SUMMARY AND CONCLUSIONS
 

The "Properties and 
Management of 
 Aridisols" 
was discussed 
 on the
basis of definitions 
of Aridisols according to Soil Taxonomy
Staff, (Soil Survey
1975). A thermo-pluvial diagram was 
developed which shows
dependency of Aridisols with soil 
the inter

moisture 
and soil temperature regimes.
Aridisols, 
 in the strict sense, account 
for only one-third of 
arid soils.
 

The pedological properties 
 of Aridisols 
 are largely determined
the negative water balance, where 
by


potential evapotranspiration 
 is higher
than precipitation. 
 The upward-directed 
soil moisture 
 flow causes the
accumulation 
of salts in the rooting zone. This 
has a high impact of agricultural land use 
and on 
necessary management procedures.
 

Some soil properties of Aridisols 
have been inherited from previousclimatic periods. 
 Paleargids and 
Paleorthids 
are soils with argillic or
petrocalcic horizons. 
 These characteristics 
 influence the 
 water-holding
capacity and the 
root penetrability of the soil.
 

The management of Aridisols 
has to take adaptability
of cultural methods of plants and
into consideration. 
 Economical 
as well as ecological
viewpoints 
must be combined. 
 Ameliorative measures, such the
as leaching
of salts, are expensive but 
often unavoidable. 
 If natural conditions become
more adverse, 
measures of soil protection 
will gain in significance.
spreading of desertification The
 
is a warning symptom 
of worldwide dimensions.
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MANAGEMENT OF ARIDISOLS IN THE SUDAN
 

M. 0. H1. Elkarouri 

ABSTRACT
 

Aridisols are of common occurrence in northern Sudan where their
 
requirements are fulfilled by the desert and arid climatic conditions.
 
They are encountered as far south as Northern Gezira, but with increasing 
aridity toward the north, they dominate the old Nile terraces.
 

The present use of Aridisols in Sudan is minimal because it is mar 6 inal 
land with some constraints that limit its development. Nearly all the 
suitable land of the floodplain, particularly in the northern region, has 
already been developed. Any further expansion must be on the .Aridisols 
of the Nile terrace. The main problems associated with the development 
of Aridisols are:
 

- wind erosion and sand creep,
 
- widespread sal.'nity and sodicity, and
 
- high water requirements of crops and high irrigation cost.
 

To minimize wind erosion and restrict sand creep, shelter belts must 
be planted. Shelter belts of trees require more work in the years of 
establishment, but less maintenance effort compared to other inanimate 
barriers. Research on shelter belts on Aridisols is presently being carried 
out in the northern province. 

Development of Aridisols could make use of the excellent Nile water, 
but groundwater could offer an alternative source in the areas which overlie 
Nubian sandstone. Hlowever, crop water requirements in Aridisols are expected 
to be higher than the Vertisels of the Gezira due to the difference in 
irrigation efficiency in the two areas: 55-60% on Aridisols, and 80-85% 
on Vertisols.
 

Salinity and sodicity are the major constraints to the development 
of Aridisols. Salinity increases northward with aridity. The dominant 
salts are NaCI and Na2 SO4 . 

Various agronomic and soil management practices pertinent to the improve
ment of saline and sodic soils were investigated at Soba experimental farm 
south of Khartoum, where the soils are predominantly Aridisols, but not 
typically representative of the Aridisols of the northern region. 
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Aridisols are problematic 
 soils which require certain reclamation
 
measures if high productivity is to be attained. 
 Hlowever, they are reclaimable, and the climatic 
 conditions of Northern 
Sudan are favorable

for the production of high-value crops 
such as pulses and spices. The
traditionally intensive arable cropping practices in the region 
may justify

the higher inputs required for their development.
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THE MANAGEMENT OF THE SOILS OF THE NILE VALLEY
 

H. Hamdi, R. Tinsley, and A. Taher
 

In the Cretaceous Period, almost 50 million years ago, Egypt and a
 

large part of Africa was submerged beneath the sea. At the end of this
 

period, however, the sea retreated gradually northwards, and the Cretaceous
 

deposits raised to form dry land, and thus became subjected to denudation
 

by the action of rain and river. The limit of Sea retreat cannot be ascer

tained, but it was at least as far as Cairo-Beni Sweif. Also during the
 

different periods from Eocene (30 million years ago) till the recent period
 

there have been many cycles uf advance and retreat of the land and sea.
 

Therefore, deposits of gravels anl sands have been laid down in the Plei to
cene and more recent periods.
 

The clay that covers the flz.t floor of the Nile Valley and forms the 
arable land has been deposited by the floodwaters in the course of the recen 
geological period. Lleneath the uppermost part. of the deposits, there is 

a considerable thicknecs of mixed sand and silt. deposited from the river 
during Paleolithic and Neoiithic times (almost 10,000 - 8,000 B.C. ). 
However, due to the rising sea level, the Nile was aggrading its bed and 
raising its floodplain relatively rapidly. 

The development of soils in the Nile valley took place under the activity 
of a number of agencies. The activities of ancient times could be shown 
in the different cycles of levels of both land and sea, as well as in the 
depositions of a thick layer of different dept-its that belong to the 

different geological periods. 

Recent- activity, however, could be represented by the River Nile deposi
tion, thus forming a uni form layer that measures an average thickness of 
about 9 m, and took almost 10,000 years (Ball, 1952). The tt.ickness of 

the Nile deposition in Upper Egypt. amounted to 6.7 m, while in the Delta 
11.2m. The variat-ion may result either from the irregular surfaces of tile 

underlying old deposits, or to the fact: that: the Nile from time to Lime 
changes its path. The Ni l Delta measures about. 175 km from north to south 
and almost: 220 km from east to west. 

The activity of ancient times formed the macro-relief, while the recent 
formed the micro-relief.
 

CLASSIFICATION
 

From the pedological point of view, the alluvial soils of Egypt belong
 

to the Azonal, the Entisol3, and Vertisols. They are young soils with no
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generalized 
pedogenic characteristics. 
 The difference between them is
matter of texture, with its associated properties, as well as of the influencea
 

of management practices.
 

The arable soils 
(the lolocene alluvial 
deposits) belong
soil groups Typic Torrifluvents, to the great

Vertic Torrifluvents,
The last great soil group 

and Typic Torrerts.
is incompletely definedVertisols in Egypt 

in Soil Taxonoly. Theneed further classification in subgroups and phases according 
to salinity, alkalinity, CaCo 3 

content and gypsum.
 

MANAGEMENT PRACTICE
 

The effect of management practice 
on these soils 
is very recent and
related to 
the land use and irrigation practice.
 

From 8000 B.C. up to about 1800 A.D.,
of the soils of the southern partthe Delta were under basin irrigation system (water40 days, covers the land forthen the water is released to the Nile and theThe land is cultivated).area was more lessor in terraces. 
part 

On the other hand, in the northernof the Delta the branches of the Nile and thefreely over natural canals flowed 
At 1800 A.D., 

the land and the regular deltaic formation was strongly developed.the basin irrigation system was convertedone in Lower Egypt, while part: 
to the perenniala of Upper Egyp remains irrigatedold system which by thehas been changed to the perennial one after the construction

of the High Dam in 1964. 

With regards to the management of these clayey soils, the Vertisols,which contain high amounts of fine clay, need speciaI c ns ideration in respectto plowing, irrigation, and drainage. The most conspicuous feature is theirability to shrink and swell upon change of moisture content, whereasof considerable fissureswidth are formed. The morphological characteristicsthese soils in Egypt are: offriable, calcareous,
the water retentive, havingability to expand and contract reversibly due toroot penetration almost in t-he upper 30 high 

wet ing and drying, 
cm, C.,.C.an almost uniform content of clay 

The prof i I e shows
with a coarsening upwardtent. in the sand con-They have high water table but no signs ofcould be attributed mot t Iing. The reasonte the fact that irrigation waters which are regularly

applied are oxygenat:ed. 

The Ii ne c lay is dominat d by wel I-crystalI i zdabnormal dioctahedral iron-rich smectito. 
moot mori I loni te , and 

The clay fraction isa large surface fine, givingarea for water adsorption, and thus a high volumewater. A representative of soil
profile has the following morphology: 

Profile D)escription 

Location: Shebin El Kom, Menoufyia Governorate 
Elevation: 11 m.a.s.l. 
Landform: 
 Floodplain
 
Topography: 
 Level
 
Water table: 150 cm 
Vegetation: Fallow after maize (Zea mays)

Classification: 
 Typic Torrerts
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Depth 	 Description
 

Ap 0- 30 cm Dark brown (10 YR 3/3 m); clay; medium subangular; firm;
 
sticky; plastic; fine pores; few soft and hard lime con
cretions; many fine and medium roots; diffuse smooth
 

boundary.
 

30- 60 cm 	 Dark brown (10 YR 3/3 m); clay; medium subangular blocky;
 
very firm; very sticky; few fine pores; no roots; weak
 

effervescence; clear smooth boundary.
 

60-120 cm 	 Dark brown (10 YR 3/3 in); clay; strong fine angular blocky; 
coarse parallelepiped aggregate due to interse-ting slicken
side; extremely hard; very sticky; very plastic; moderate 
fine pores; weak effervescence. 

The analytical 	data read as follows:
 

Table 1. 	 Particle size distribution and some chemical properties of a 
Vertisol. 

D,,pth Ph Clay Silt F.Sand C.Sand CaCO3 TSS. OM. 
-M) M° M% M% M% M% M*o 1%°/)
 

0- 30 8.(, 55 31 12.0 1.8 2.5 0.05 1.4 

30- O0 7.8 53 37 7.5 2.0 1.3 0.14 1.1 

60-120 7.7 56 34 7.1 1.9 1.7 0.26 1.0
 

Table 1.1 Soil Bulk Density Variability with Depth and Distances. a 

Depth
 
(cm) 	 ------------------------- Bulk Density--------------------------

0- 18 	 1.40 1.37 1.26 1.44 1.34 1.49
 

18- 30 1.63 1.51 1.53 1.50 1.60 1.67
 

30-120 1.59 1.46 1.47 1.43 1.43 1.60
 

aSampled area is 25 x 150 m. Drainage Project No. 
149 Egypt.
 

Table 1.2. Soil Moisture Characteristics of Soil in El Minya.
 

Moisture Content at Specific Atmosphere Tens.Depth - - - - - - 

0.10 0.33 0.66 1.0 3.0 15.0 

-------------------------------- % Volume---------------------------
0-30 	 67.2 55.6 49.2 49.9 40.7 31.7 

30-120 67.2 59.7 57.0 57.5 45.0 33.7
 

371
 



Irrigation
 

In irrigating 
these soils, very large amounts of water are consumed
during the initial irrigation compared 
to the subsequent irrigations. This
behavior is due to the fact 
that water runs through the wide cracks and
the subsequent volumetric 
changes in the soil will lead 
to a 	very low infiltration rate and slow permeability. 
 However, the relatively small subsequent
irrigations are 
applied not to replenish soil moisture, but to prevent 
the
 
effect of 
drying on soil consistency.
 

The properties of 
 Vertisols affect the irrigation system throughout

all aspects of water management:
 

Conveyance losses. 
 The wetting and drying conditions result in anexceptionally unstable conveyance system, in which compaction is impossibleto maintain, excessive
and seepage lesses occur. isThis noticeable inelevated irrigation waterways such as within farm canals, where length canreach 500 m. Measurement of conveyance losses amounted to 30-50% of water 
lifted (Fig. 1).
 

The occurrence of soil sealing makes it necessary for the farmers tohave 
that 	

some means of surface drainage. This need may be the primary reasonfarmers subdivide their fields into 	 small basins served by deep, small
channels, which, turn,in may hinder mechanization. 

Infiltration. Once water reaches the 	 individual fields, infiltrationcan proceed within 15-30 minutes from an init ial very 	 rapid rate to completely
sealed soil in which essentially no measureable inf iltration occurs. Theinfiltration will 	 proced in a two-phase log-log-rate. The init ial phasewill 	 usually take 	 10-15' which represents the infiltrat ion through _he widecracks. The second phase continues for the remainder of the irrigation.
This is thought to represent the infiltration through soil pores. Thisphase usually shows a decreased rate of decline for furrow irrigation, butan increase for basin irrigated cover crop. The second phase, however,will 	 drop to zero, indicating a completely sealed soil. Fig. 2 shcws infil
tration curves under two irrigation systems. 

Water 	movement. Once water has actually entered the soil profile,the redistribution can be exceptionally slow. During winter when ET rates are minimal , gravity 1 ow within the upper 30 cm may extend over 14 days.After this, soil water losses wi ll approximate the ET rate for tihe areaand crop. Also most of the soi I water changes are restricted to *:he upper30 cm. Below that, the variat-ion in soil water content ;erween irrigations 

question of possible aeration 

are in the order of 2.5 cm for the 30-60 cm depth, and 1.5
90 cm depth. These lowr depths are almost continuously
soil moisture level, even uinier the best-drained condit ions. 

cm for the 60
near saturated 

Fig. 3 shows a detailed soil water analysis. 

This general wet condition raises the 
problems. Estimating of percent soil water shows the possibility of saturation conditions frequently occurring even in the 15-30 cm layer and almost 
continuous saturation below this (Table 2). 
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Figure I. Example of on-farm Marwa conveyance losses during a single 
irrigation; Abo Raia, Kafr El Sheif.h. 
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Fig. 	 3 Detailed Soil Water Analysis Mansurya 
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Table 2. 
Changes of soil water volume and aeration in Vertisols in Egypt.
 

Depth 
 1st irrigation 2nd irrigation 3rd irrigation 4th irrigation
(cm) 5th irrigation
tefore 
 after before after 
 before after 
 before after 
 before after
 

0-15 water 29 59 
 33 57 
 41 66 41 
 60 41 
 58
 

air 
 25 Sat. 
 21 Sat. 
 14 Sat. 
 13 Sat. 15 
 Sat.
 

15-30 
 33 53 
 45 58 47 
 62 55 
 59 53 54
 

17 Sat. 
 5 Sat. 3 
 Saturated--------------

30-60 
 43 47 46 
 58 54 
 58 56 69 
 52 59
 

Saturated----------------------------------



Root penetration. Associated with the limited depth of water movement
 
is the root penetration (Table 3). In repeated sampling, root penetration
 
is limited in the upper 30 cm of the soil profile, but rarely did the 90%
 
root recovery exceed the 40-50 cm layer. This limited root penetration
 
is dramatically demonstrated every fall when the farmers remove their cotton
 
stalks by simply pulling them up intact after a heavy post harvest irriga
tion, as well as root pruning in sugarbeet.
 

Operational available water. The net result of the limited root develop
ment and soil water changes being concentrated in the upper 30 cm, is the
 
operationally available water which is limited to 5-7 cm for most crops
 
(Table 4). This amount of water is substantially less than would be expected
 
from the Vertisols in Egypt.
 

In a system in which water has only a nominal charge, farmers are willing
 
to irrigate when the agronomnic returns to the water are small. The irrigation
 
system, therefore, needs to be capable of providing water in 5-7 cm incre
ments, a volume which is rather difficult for a surface irrigation system
 
to accommodate.
 

The drawback is that with this low operational available water, which
 
is less than the irrigation system can successfully provide, a water table
 
build-up can be expected and frequently occurs with every irrigation (Fig.
 
4).
 

With the frequent occurrence of a water table (Table 5), surface drainage
 
is desirable. Such drainage has shown substantial crop response (Fig. 5).
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Table 3. Index of root 
penetration in 
Egyptian Vertisols.
 

Cotton 
 Maize 
 Berseem 
 Wheat
Depth Minya KeS 
 Minya KeS Mans Minya KeS Minya KeS

(cm) --------------------
 Acc. % Recovered-------------------------

0-10 66 73 60 90 87 
 77 77 
 44 53
 
10-20 85 
 93 81 98 94 
 82 84 
 48 59
 
20-30 92 
 98 87 99 
 96 84 
 86 86 67
 
30-40 95 
 99 92 100 97 86 
 92 89 80
 
40-50 
 98 100 100 
 99 89 
 98 95 
 95
 
50-60 99 
 100 94 
 99 97 
 98
 
60-70 


96 100 99 99
 

Table 4. 
 Ope 'ational available 
soil water for a Typic Torrert in Egypt.
 

Crop cm H20/90 cm soil
 

irri 
 Before 
 After 
 Dif.
 

Sugarcane 
 16 
 45 
 51 
 6
 
Wheat 
 7 
 46 
 51 
 7
 
Cotton 
 9 
 45 
 51 
 6
 
Berseem 
 7 
 40 
 45 
 5
 
Wheat 
 5 
 42 
 48 
 7
 
Sugarbeet 
 6 
 41 
 48 
 7
 
Cotton 
 6 
 40 
 47 
 7
 
Maize 
 8 
 42 
 47 
 5
 

Table 5. Monthly average a
depth to water tables for Typic Torrerts in Egypt.
 

1981 
 1982
Locarion 4 4 > u. e
 
o 0.CM. U 0 0 Cl 

............-----------
 cm below surface .o..sur.............
 

El-Minya 177 
 1o8 - 149 120 137 125 146 159 179  191 175
 

Kafrel-Sheikh 
 68 79 
 47 26 30 37 55 71 68 73 62 
 59 72
 

aAdopted from EWUP Water Budget.
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CONCLUSIONS
 

To overcome these problems, certain predictions should be adopted
 

which may solve them to a great extent.
 

I. Water in Egypt is provided 	for the farmers free of charge; there
the farmers
fore,. lifting is recommended to put a nominal in-kind charge on 


to encourage soil and water conservation.
 

forming large clods and roughness of

2. Fields are plowed too dry, 


soils is to cover

the surface. The traditional 	way of irrigating these 


This will contribute to the rise of water

completely the soil surface. 

table level.
 

be replaced. There exists
3. he inadequate drainage system should 

program of providing tile drains throughout
currently a sound and effective 


the whole country.
 

be lined to minimize seepage.
4. The small irrigation channels should 
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THE RELATIONSHIPS BETWEEN SOIL CLASSIFICATION
 

AND NATIVE PLANT PRODUCTION
 

AND COMPOSITION ON ARIDISOLS AND RELATED SOILS
 

D.T. Pendleton and T.N. Shiflet
 

not have water available for mesophytic
Aridisols are soils that do 

the time when the soil is warm enough for
 

plants for long periods. Most of 


grow, is tension > 15 bars. Generally, there is
 
plants to water held at a 


when moisture is continuously available
 
no period of three months or more 


and the soil is warm. The surface horizon or hori7ons are normally light
 

be the result of translocation and accumulain color. Pedogenic horizons may 

clays or cementation by carbonares

tion of salts, carbonates, or silicate 
parent materials without. significant

or silica; or may be an alteration of 
ranges from cryic to isohyperthermic,

accumulation. The temperature regime 
Much of the soil 3urface isaridic. 

usually bare. If gravel is present, desert pavement usually fc-ms -(Soil
and the moisture regime is usually 

Conserva'.ion Service, 1975).
 

Most areas of Aridisols and related soils I in the United States are best 

suited and managed to produce native vegetation used mainly for grazing and 

are known in the United States
browsing by ruminant animals. Such lands 

potential vegetation is predominantlyas rangeland. The climax or natural 

shrubs Conservation Service, 1976).


grasses, g asslike plants, forbs, or (Soil 
of soil, cl imate, topo-

Species 	 composit ion and product ion are the result 

and, to a lesser degree, Iire, f leds, insects, and grazing use by
graphy, 

cult- ivate'l, irrigated,
indigenous herbivores. These lands are not: routinely 

is by ecological priuci
fertilized, or mechanically harvested. Management 

principally through

ples rather than agronomic practices and is achieved 

of grazing animals. Environmental factors such as soil 
the manipulation 

content, rocks, and climate 
depth, slope, moisture-holding capacity, salt 


use of rangeland more intensive agricultural ent-erprises.
limit. the most for 

and ofteln the only
Grazing and browsing by herbivores is the most practical 

fiber, and other desirable 
means of converting range veg t.,it ion into food, 

Were it. not. for the unique ability of ruminant animals to gain
products. 

a wasted resource.
fr em range roughage, the vegetal ion woul d be

nul r i ion 

t.Augh low on a unit-
Range production oni Aridisols and refated Sol Is, 

the States because of their 
area basis, is nevertlholess important in United 

months of iorage

great extent. Range gr'azing produced 213 million animal unit 


ot almost
 
for domestic Iivestock each year in the 1970's, the equivalent 


units on an annual basis. This was aboulut 15, of all rough
18 million animal 


Service, 1980). About. 
age consumed by livestock in the United States (Forest 


west of 	 the 10th 
997, of range forage is produced in the 17 western states, 


refated prevalent.
meridian, where Aridisols and soils are 

In this paper, related soils include Torriortlhents and Xerorthents from 

Mollisols.the Order Entisols, and Xerolls f rom the Order 
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Table l.--Fercentage of cover and average annual production by soil taxonomic 
groups.
 

[Adapted from Passey Et &1.. 19821 

Soil Plot Average (Pct.) Average Annual Production (ku/la) 

No. Years 

Order Suborder Great Group Subgroup 
ol 
Potcovr 

al Stone BareGround Annuals Grass Porbs Shrubs Tota 
l 

Aridisols Argids Katrargids Xarollic 2 15 9 2 75 4 213 94 202 512 

Orthids C-borthid. Utollic 1 1 28 0 47 T 380 29 184 593 

Lithic Xerollic 2 20 13 61 17 13 350 190 115 663 

Xerollic 3 4 11 11 62 8 547 33 185 773 

Calciorthids Xerolllc 2 20 .5 15 58 65 407 139 219 829 

Eotisols Orthents Torriorthents Xeric 1 10 19 3 61 19 746 111 63 939 

Hollisols Xarolls Natrisr 11s Arldic 1 2 11 11 63 1 204 146 366 717 

Calcixaroll. Axidic 2 20 18 13 3 13 621 142 200 975 

Typic 5 10 17 3 47 27 772 316 227 1.342 

ltaplomerolls Llthic 3 14 11 29 40 23 309 211 264 807 

Calciorthidic 8 37 16 3 60 23 456 194 158 831 

alctic Pachlc 1 1 18 2 58 T 552 312 92 956 

Cumulic 1 4 9 8 59 156 39 619 318 1.132 

Calcic 2 4 18 9 41 26 759 230 143 1.158 

Pachlc 3 4 24 3 21 53 901 727 425 2.135 

ArgLxarolls Aridic Celcc 1 1 16 59 21 T 259 19 282 560 

Llthic 1 2 9 51 30 15 106 496 67 684 

Celcic 13 36 20 8 52 76 630 153 235 1.053 

Clcic Pachic 2 12 21 3 48 30 813 119 123 1.085 

Arldic 1 2 16 2 57 17 679 248 181 1.125 

lachic 7 21 20 2 39 54 841 392 225 1.152 

Typic 2 2 15 9 57 42 631 881 111 1.664 



Table 2. 
Percentage of microplots in which 
individual plant species occur, by soil taxonomic groups.
 

Entisols 
 Aridisols 

Mollisols
 

Species Orthents Argids 
 Orthids Average 

Xerolls 


Torri Average
Natr CalciA
and 
 Natri er g
Calci 
 Haplo 
 Argi Pale 
 Duri
 

Camb
 

Grasses 
AGSP 

AGIN 

FEID 

POSE 

BRTE 

0 

80 

0 

90 

70 

65 

0 

0 

88 

0 

90 

0 

0 

92 

34 

85 

0 

0 

91 

27 

30 

0 

30 

100 

10 

32 

64 

0 

94 

38 

48 

20 

31 

72 

40 

31 

35 

52 

96 

26 

16 

33 

48 

98 

42 

81 

0 

38 

90 

25 

40 

25 

33 

92 

30 

Forbs 
PHHO 

PHLO2 

80 

25 

20 

68 

32 

55 

30 

58 

95 

45 

16 

61 

6 

39 

8 

48 

17 

45 

5 

85 

25 

54 

Shrubs 
ARTRT 

ARTR.' 

ARTRV 

ARTR4 

25 

0 

0 

0 

0 

68 

0 

3 

0 

59 

0 

0 

0 

61 

0 

1 

0 

0 

0 

0 

37 

0 

0 

0 

8 

23 

0 

4 

17 

0 

13 

5 

15 

0 

0 

1 

0 

19 

0 

1 

13 

7 

2 

2 

(Adapted frnm Passey et al., 
1982)
 



mountain big sagebrush (ARTRV-Artemisia tridentata ssp. vaseyana) grew only on
 

Argixerolls, and threetip sagebrush (ARTR4-Artemisia tripartita) was most preva
lent on the Argixerolls and Haploxerolls.
 

On similar soils in the thermic and hyperthermic temperature regimes,
 
one might expect creosotebush (Larrea tridentata), tarbush (Fourensia cernua),
 

certain species of Acacia and Prosopis, and some cactus-Like plants rather
 
than the Artcmisias.
 

Climate
 

Climate, like soil, has a significant effect on plant composition and
 
production. Precipitation, temperature, and elevation affecting climatic
 
influences are particularly important. Within relatively. small geographical
 
areas, climate may be uniform and apply to all plant communities. Over broad
 
areas, however, the plant community changes along climatic gradients (Shiflet,
 
1972). When such gradients occur on uniform slope and topography, the change
 
from one plant community to another is gradual. 

Most research slhw,; a positive relationship between production'and annual 
precipiLation as we l as precipitation for selected periods. In the study 
by Passey et al. (1982), the correlation between total annual production 
and total annual precipitation was significant (at the .05 level) on only 
two soils, Goodington and Bancroft (Table 3). And there was a strong correla
tion (.01 level) between total production and precipitation for tie period 
April I through June 30 on lhree soils: Trevino, Roseworth, and Neeley. 
Although ihe product ion/procipitat ion rolationshilps in tile study were posi
tiwiv,,they .s,re too broad t:o provide precise indices. Total annual production 
in the cli,ix plant communit ies Studied was too erratic for development of 
worthwhile production indices Irom precipitation data alonre. 

Large variations in pl ant: composition also art comimon from year to year. 
On Abela gravelly loam (an Aridic Calcixeroll), production of beardless blue
bunch wheatgraiss, the most consistent producing grass, ranged from 804 kg/ha 
and 70! of the composition in 1958 to 339 kg/hr and 40% of the composition 
in 1965 (Passey et- al., 1982). 

Topography
 

Topography al1so plays an important role in determining the climax plant. 
commun i ty. SI ope,, exposure, aind I anidscapV posit. ion a f fect runoff and run
oni of warlor evarpor;t ionr, I mn[)raL,ure, ann other factors. Often, similar 
soils 'ipport di I rInt vegetat ion tecausv of the influence of topography. 

An example [rei i'iscaey Pi al. (1982) is l'revino extremely stony silt 
loam (a Iit hic Xvrollic Cuambirthid). This soil ou(: rs oi bothIi nortlh- anTI 
south-lrcing slopese. PHant communi ies were simi Iar on both slopes. Over 
a ten-year period, hocwever, .iver'r-go trodct ion was 103 kg/ha greater on the 
north-I ;iei rg slope. 
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Table 3. Coefficients of correlation between 
total annual production and periods 
of precipitation for eight

selected soils
 

Study Location 


and 


Soil Units 


CAREY KIPUKA
 
Coodington sil. 


Clegg sil. 


Bancroft sil., mod. deep 


over bedrock variant
 

LITTLE CRATER KIPUKA
 
Trevino ex. st. sil. 


Roseworth sil. 


Neeley sil., deep over 


bedrock variant
 

KOTTLE BUTTE KPUKA
 
Brunt sil., heavy subsoil var. 


Pancheri sil. 


Total
 
Oct. I-

Sept. 30 


0.764b 


0.584 


0 .7 7 8 b 


0.0 


0.272 


0.0 


0.327 


0.0 


Average precipitation from rain gages
 

Oct. I-
 Oct. 1- April 1-

June 30 
 March 31 
 June 30
 

0.722b 
 0.326 
 0.577
 

0.321 
 0.0 
 0.0
 

0.562 
 0.259 
 0.620
 

0.0 
 0.0 

0 .9 76 c
 

0.0 c
0.0 
 0.955


0.363 c
0.0 
 0.796


0.214 b
0.0 
 0.715


0.0 
 0.0 
 0.0
 

(Adapted from Passey et al., 
1982)
 
aTexture symbols are 
from Soil Survey Manual, USDA Agric. Handbook 18, 1951.
 
bSignificant at 
.05 level.
 

cHighly significant at .01 level.
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soils did 	 not differ significantly, but their plant communities were 35% 
more productive than those of the Goodington soil. 
 This difference was
 
statistically significant and obviously 
 large enough to require different
 
management. The Goodington plant community, therefore, would be separated
from the 	 other two because of lower productivity. The other two stands 
did not differ in production 
but rlid differ in species composition. Idaho 
fescue was a higher producer on the Hoelzle soil than on the Bancroft. 

The major difference in the two plant communities was the shrub compo
nent. Big sagebrush, though minor, wa, the major 	shrub in the Hloelzle 
community 	 but: did not occur in the Banc roft. On the other hand, threetip
sagebrush 	 accounted for only 2% of the vegetation produced 1onthe Hloelzle 
soil but was the most important shrub oin the Bancrokt soil, contributing

17% of the total production. On tlh basis of lower product ivity in the 
Goodington community and diflerences in species composition and proportion
of species bet-ween the lloelzle ,and Bancroft commitnities, it. was concluded 
that all three .'ere unique and represented three distinct range Sites. 

If all rangeland supported climax vegetat. ion, classification into range
sites wonld be simple. However, Since climax stands oh vegetation no longer
exist, for ImIAly Sit es, these stands must be recoist rueted by i nterpolation
and ext rapol at on ol avii lIolI p.ant commur it y dilt I. Soil information plays
the major role in extending existing data to similar environmental sitLua
t ions nidt 1 points along envi ronmental gradient S where usa)le data are 
not: available. 

Table 4. 	 Average product ion, comrposit i,,ii, ad11 t rCqueity of vegetat ion pro
duted oii threet so, Is in Box Elde r Count y, t.oh.
 

SOIL TAXONOMIC UNITS 

Major tt. dle 	 Broad Manila 
Spec i es ro( Comp Prod Comp Prod Comp


(kg/ha) (%) (kg/ha) (W) 
 (kg/ha) 	 (%) 

BI uebunch
 
wheat gri5s 165Ob 85 1402a 82 1833b 
 88 

Sandbe rg 
bluegrass 32 2 58 3 24 1 

BaI samroot 50 3 34 2 7 T 
Cheat griss 9 T 7 T 1 T 
Yet lowbrush 32 2 64 4 36 2 
big s ;ebrush 29 1 32 2 30 1 

Bir t erbrush 44 2 - - I T 
Other species 92 
 5 	 116 7 140 8 

Totals 1938ah Io0 1773a 100 20721) 100
 

Adapted from Shitlet, 1972) 
Based on 30 obstrvations of tO subp lts each.2production values in t' same horizontal linet followed by the same letter 
were not significnt ly dift'rent at the 5% probability level. 

T Trace perceot ,4e (less Ian 0.5",%) 
- = Did not- occur or does riot apply. 
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Table 5. Average production, composition, and frequency of vegetation pro

duced on three Loils in Blaine County, Idaho.a
 

SOIL TAXONOMIC UNITS 

Major Coodington Hoelzle Bancroft 

Species Prod Comp Prod Comp Prod Comp 

(kg/ha) (%) (kg/ha) (M) (kg/ha) (M) 

Idaho fescue 187 24 430 39 257 24
 

Bluebunch
 

wheatgrass 62 8 121 11 159 15
 

Sandberg
 
bluegrass 144 18 149 13 91 9
 

-
Squirreltail 94 12 41 4 -


Prairie
 

junegrass 13 2 6 1 84 8
 

Narrowleaf
 
-pusseytoes 43 5 - - -

Longleaf phlox 31 4 19 2 26 3
 

- - 9 1 47 4
Hawksbeard 


8 1 - -
Balsamroot - -


Other annuals 55 7 38 3 11 1
 

-
Big sagebrush 25 3 67 6 -


Threctip
 

sagebrush 11 1 21 2 175 17
 

Desert
 

rabbitbrush 14 2 17 2 27 
 3
 

Other species 114 14 177 15 166 16
 

100 1043b 100
Totals 793a 100 1103b 


(Adapted from Shiflet, 1972)
 

aBased on ten annual observations of 20 subplots each.
 

T = Trace percentage (less than 0.5%)
 

- = Did not occur or does not apply
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Trend in range condition (toward or away from climax) is normally
 

determined at the time range sites are mapped and condition is determined. 

This information provides a basis for any adjustment deeded in present manage

ment. Subsequent evaluations of trend are used to measure the effectiveness
 

of applied management and to adjust it further if necessary.
 

Much research and many field studies have also been based on range 

sites and condition. McCorkle and leerwagen (1951) assessed the effect 

of site and condition on livestock production in the plains area of New 

Mexica and Colorado. They found on the predominant site (Upland Plains) 

that good, fair, and poor condition ranges averaged 16.0, 12.5, and 10.0 
kg/ha of beef, respectively. Ir Kansas, three range sites were used to 

study the effect of various burning treatments on Flint Hills rangeland 

(Anderson eL al., 1970). Holland (1971) found that a decrease of one condi

tion class resulted in the doubling of sediment delivery. Cox and Cole 
(1960) used range site as the basis for specifying species and seeding rates 

for range seeding in South Dakota. Numecous studies have been reported 

comparing the production and quality of forage between sites and between 
condition classes within a single site.
 

Most government agencies and educational institut "is in the United
 

States now use the range site and condition concept, or a variation of it, 
for range resource inventory, study, and management. In fact, the use of 

range site and condition has spread to other countries and continents 

(Abercrombie, 1974; Fulton et al., 1978). 

Although range site is based on the climax plant community, climax 

or excellent range condition is not always the management goal. Often a 

condition below the potential provides benefits more useful to management 

objectives and still provides adequate resource conservation. For example, 

a range site in fair or good ecological condition may be a better habitat 

for some wildlife species than the same site in excellent condition. 

SUMMARY
 

Relationships between soil classification and vegetation are uncertain 

at the soil order, suborder, and great group level. At the family, series, 

and phase levels, however, the relationships become increasingly predictable. 
Distinct plant communities occur on similar soils within areas of uniform 

environment. Dist inctively different plant communities seldom are found 

on the same ohase of a soil series under the present system of soil classi

fication. Soil is the major physical component of the range ecosystem. 
In addition to soil, climate and topography are factors that strongly in

fluence climax vegetation. Using these three parameters, SCS developed 

a range site and condition classiIication scheme in which vegetation, the 

product of the total environment, is the control l ing factor. Range site 

expresses ptential , and range condition compares the present plant. Cnlmunity 

to the potential for the sit e. Thics procidure has evolved over many years. 

I, is useful for sIudy, evaluation, and management of rangeland vegetation. 

It provides a basis for explaining the effects of past management and for 

predicting likely responses to diflerent management strategies. The range 

site and condition methodology has become widely used in the United States 

and in some other countries and continents. 
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THE INTERNATIONAL BENCHMARK SITES NETWORK
 
FOR ACROTECHNOLOGY TRANSFER
 

F.H. Beinroth, C.A. Jones and G. Uehara
 

I,. the next 20 years the world will have to feed two billion more people.
 
Although there exist the land resources and the technology to produc2 enough
 
food for this anticipated population, there is considerable doubt as to
 
whether the food will be produced where it is needed most and distributed 
in an equitable manner.
 

Ironically, food shortages of major proportions are expected to arise
 
among the agrarian countries of the tropics and subtropics where the major 
part of the as yet unexploited or underutilized resources of arable land 
of the world are located. Advantageously, however, the knowledge about the 
management of these i.sources for the production of food and fiber has dramati
cally increased in rocent decades through the work of the national and inter
national agricultural research centers. But the work of these research 
centers becomes meaningful only when the resilts can be effectively conveyed 
to the ultimate user--the farmer--in all areas where theyi are environmentally 
and sociologically applicable. It is distressing, therefore, that the develop
ment of operational methodologies for the efficient diffusion of agroproduc
tion tecinology has lagged behind the knowledge generation process. Research 
and developmnt efforts relative to the transfer of agrotechnology must con
sequently be augmented so that the existing and rapidly expanding knowledge 
base can be shared by many users in the countries of the Third World. This 
is particularly crucial for countries which lack the capital and human 
resources to set up national research programs or cannot delay their agri
cultural development until their own research has yielded imp 1ementab le 
results. 

In the context of this perspective, the International Benchmark Sites 
Network for Agrotechnology Transfer, 1BSNAT, has been established to develop 
and test a methodology for integrat ing scient itic and technological knowledge 
of agricultural product ion into syst ems that cpyimize resource management 
and facilitate the transltev of technology in the tropics and subtropics. 

IBSNAT is; an outgrowth of the Benchmark Soils Project of the universities 
of lawaii and Puerto Rico and has had a long gestation period. The idea 
uf the network w;j: I ir;t disc,en sed at a worksho: on "Operational Implicat ions 
of Agrotechnology Tran:; fervne Reset rch" held at the International Crops 
Research Institute for the Semi-Arid Tropics (ICRISAT) in ntober, 1978. 
Another mi I estone in the project development was an international panel con
sultatLio on the "S, it. egy for Land Evalu: tion and Agrotechnology Transfer 
in the Trop ics and Sult ropics" w;i CIh w s o:ted by FAO in Rome in arch, 
1980. 1BiSNAT ha: recent ly been funtied, in part , by the Unitied States Agevcy 
ior Iiiernit ion,'al 12,ovylopm,,l (AIl) under a nle-yvar contract with the 
University of lawa ii. 
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The University of Hawaii will 
serve as the coordinating entity and as
 a catalyst for IBSNAT. The ultimate 
success of the project, however, will

depend on the aggregate research output resulting from the 
concerted efforts
 
by the various collaborators who in their entirety form IBSNAT. Through

the aspired synergistic collaboration of institutions from many countries,

IBSNAT holds the promise of emerging as a major scientific endeavor of multi
disciplinary nature and 
international 
scope of consequence to the agricultural
 
development in the 
lower latitudes.
 

The purpose of 
this paper is to give an overview of IBSNAT and its under
lying rationales. As the project has only been effective for a short time,

complete operational details have not 
 been finalized and this discussion
 
will, therefore, be confined to the 
overall project design. We want to make
it clear at the outset, however, that IBSNAT concerns primarily the transfer
 
among countries 
 and between regions within countries, i.e. horizontal
 
transfors. 
 The diffusion of technology to farmer fields, i.e. 
 vertical

transfer, his Loen deliberately excluded from the scope of 
IBSNAT. Conse
quently, this paper 
will addres. mainly horizontal trans.'ers which should 
not be construed to imply that- the crucial importance of vertical transfers
 
is not recognized.
 

PROJECT RATIONALES
 

Approaches to agrotechnology transfer
 

Uehara (1981) defined agrotechnology transfer as the taking of an agricultural innovation 
from its site of origin to a new location where it i;

likely to succeed. flow, then, are 
the innovations transferred From ,e
 
location to aaother?
 

Most commonly transfer of agrotechnology occurs through trial 
and error,

but there also exist scientific approaches. Swindale (1980, 
 1981), drawing

in part on the work 
of Nix (1968, 1980), has identified three different,
 
but not mutually exclusive, models.
 

Sinrulation modee. Simulation models employ 
systems analysis to reduce
the complex system into a number of simpler components and to identify the

linkages between them in an altempt to 
 mimic the behavior of the complex 
system (Nix, 1980). 

Inherently simulation models should provide the best methodology for
 
agrotechnology 
transfer. Bt thu incompleteness of scientific knowledge,

particularly relative to the cause and effect relations that control genotype
environment interactions, an.i the complexit.y of the models themselves have
 
been barriers to their use. 
 The difficulty in achieving the multidisciplinary

collaboration that is clearly 
required to develop the models 
may have been
 
a further detriment (Swindale, 1980).
 

As Nix has pointed out, however, the development of simulat ion models
is essential to identify the "minimum data set" needed for the adequate inter
pretation and extrapolation of experiment results. This minimum data set

consists of a cuttivar-specific, balanced 
set of soil-crop-weather-management
data and is, in turn, a key prerequisite for technology transfer via simula
tion models.
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and multiple

In this approach, correlations 


Statistical relationship'. 
 resource
input and 

used to relate crop yields to 


linear regressions 	 with
are 	
but works better


method is widely used,

This site-factor
variables. 	 of limited
and thus appears to be 


rather than extrapolations
interpolations 

(Swindale, 1980).


value for invercountry transfers 


are used in 	this
 
climate classificat ions 


Analogue transfer. Soil and 	 taxa
(i) that the
assumptions
areas. The are 

method to ideni:ify analogous 	 pi eciwith sufficient;c at-io

n schemes stratify the environment 
of the classif	 of a deall occurrencesand (ii) that 

to ensure successful transfers,sion 	 to management.and responses
similar production potentials

fined class have 	 classification are 
schemes of agroclimatic

While general, multi-attribute 	 soilof technology (Burgos, 1968),
analogue transfer

of limited value in the 	
The U.S. syst-em, Soil Taxonomy

successful.bave been moreclassifications 	 this purpose as itsuited foris particularly
(Soil Survey Staff, 1975), 


the agroenvironmentthus stratifiesand cliimate andboth soii 
of agroproduction (Beinroth, 1983).incorporates 

into distinct 	niches 

soilsin the concept of benchmark
is also impliedbv analogyTransfeor 	 soil is andefined, a benchmark

in 1961. As 	 currentlyby Kelloggadvance(d 	 and complete characterization 
for intensive study

'oi I selectedimportant 	 in the classific;c'ion and/or
interpretative position

because it occupies a key 	
1980). A benchmark soil represents 

larg,- areas (Miller and Nichols, 
covers 	 to othercan be extrapolated

frc;m which research results 
a reference site 

areas with similar charact-eristics.
 

soil classification in agrotechnology transfer
 Role of 


classif ication, in conjunc
have long assumed that soil 

Soil scientists 	 ofthe transfer an adequate 	 basis for 
soil surveys, providestion with 	 Many authoritat ive statementS 

agronomic experience.
pedologic knowledge and 	 In the foreconje,.ture.which allude to thisliteraturecan be found 	 in the 

Map oi the World (FAO, 1974), for example, ii 
FAO-UNESCO Soilword of the 	 supply a scientific 

one of the objectives (of the map was "to 
is stated that 	 with similar environments 

[or the transfer oi experience between areas 
basis 	 and experienceof knowledgeamountthe tcemendous 	 the. . with 	 thitroughout(because) 	 of difierent soils

and developmentthe management 	 errorgained in 	 areas by methods of trial and 
the hardship 	 perptuLated in some

world, 	 "we make the 
And Smith (1965) pointed out, that 

no longer jo:;tifi'd."is 	 in one place
witli a particul ar kind of soil 

that experiencebasic assumption 	 exists if considera
kind of soil wherever it-

to that. particularcan be applied 
"rnces"taken of any climatic diiftion is 

atid the t ransfer hypothesis impl ied therein were 
rhe stated assumptions 	 (BSP)Soils Project-in) the Benchmark 

subjected to a thorough c ivctific Lest 
primary objective waswhose 

of the I niversit is of lawaii and Puerto Rico 
on the basis of 

of agroproduct ion technology 
to test Lhe transferabil it~y 	

of the BSP (Bench-The resultsin Soil Taxonomy.1deined
soil familie ; as 	 allowo toTaxoenomy taxa 
and 1982b) show that Soil 

mark Soils Project, 1982a 	 in qual itative
and management requirements

prodeo t.ion potential 	 withpredict. crop 	 iotins increasesof predic.t-he ipecificitylogically,terms and that, 	 and statist ical
extensive experimentallevels. The 

decreasing categoric 	 and crop yields 
BSP also showed that fertilizer response 

work conducted by the 
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can be 
predicted with considerable 
accuracy at
site factors the family
are taken level 
if additional
into consideration 
(Benchmark 
Soils Project, 9
1 82a).

The importance of 
this 


who, in his 
provision has also been emphasized by Smith (1981)
last technical 
paper, wrote
categoric that "soil interpretations
level at any
nearly always 
require 
an additional
includes the step of
relation reasoning
between which
the potential
soil properties. use being considered
This requires knowledge and the
of soil and 
non-soil
cannot be factors that
inferred from the classification.,,
 

Ecosystems approach to 
agrotechnology transfer
 

In the light 
of the preceding, it
model should be
of agrotechnology obvious that a quantitative
transfer

somewhat must necessarily
simplistic be more
approach of complex than the
analogue 
 transfer
BSP. The intricacy of that was tested by
the transfer the
approach process clearly
that should be calls
based primarily for a holistic
on concepts of 
transfer by simulation.
 

Central 
to this approach 
is t:he realization
the characteristics that in successful
and requirements transfers
of cultivars
the environmental must
conditions be compatible
at the new with
site.
knowledge This
of the cause and 
implies (i) quanitati
effect 
relations
and management between
practices the soil, 1grocitate,
o.n thle one 
hand, and
formance on crop requirements
the other han, and perand (ii) quantitative knowledge of certain environmental parameters of 
the transfer site.
 

The transfer model 
of 
IBSNAT has essentially four components:
 
1. Data base generation 
 through 
 site characterization, 
 field experiments and growth chamber studies;
 
2. Data 
base management, 
particularly 
the development
data bases which of computerized
contain 
(a) pedon data,
(c) crop (b) climatic
growth data, and
and development 
data collected 
in field 
and grewth
chamber studies;
 

3. Development 
 of computer 
 simulation 
models
bases above which employ
to nroduce the data
predictions 
 crop growth
of and yield; and 
4. Verification 
of pr,>dict ions, 
adaptoi ions 
of transferred 
technology,
and diffusion of 
ttchmology.
 

IBSNAT'S GOAL AND OBJECTIVES
 

The goal 
of IBSNAT 
is to 
maximize 
successes
the transfer and to minimize
in of high-performance failures
cultivars 
and the technology
to exploit required
their genetic potential.
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The 	principle objectives of IBSNAT are:
 

I. 	To develop and validate performance prediction models for important
 
crops of the tropics and subtropics;
 

2. 	To design a methodology for determining the minimum data sets
 
required for the effective transfer of agrotechnology; and
 

3 To devise a prototype telecommunication sy!,bem for the transnatirnal 
exchange and diffusion of agropruduction technology at a scientific 
level. 

MAJOR IBSNAT ACTIVITIES
 

Network establishment
 

IBSNAT will consolidate a group of collaborating agricultural research 
centers in a prototype network for the purpose of generating the data base
 
for the development of crop performance prediction models and testing their
 
validity. This worldwide cluster should initially comprise about 20 actively
 
cooperating National and International Agricultural Research Centers and
 
Regional Research Organizations that are willing to financially and tech
nically support the research effort and whose stations represent the dominant 
agroecological zones and the major kind of soils of the tropics and sub
tropics. Examples of the three kinds of desired collaborators are the Centre 
Nacional de Investigaciones Agropecuarias (CENIAP) of Venezuela, the Inter
national Crops Research Institute for the Semi-Arid Tropics (ICRISAT) in 
India, and the Arab Center for the Studies of Arid Zones and Dry Lands (ACSAD) 
in Syria, respectively. 

Data gunerat ion
 

Data for IBSNAT will come from from detailed soil, climate and site 
characterization, and agronomic research. The latter will be conducted using 
specially designed experiments conducive to creating the data base needed 
for establishing the relationships between soil, climate and other site 
characteristics and crop requirements and performance under various levels 
of management inputs. This research should elucidate the genotype-environ
ment interactions and will provide the data base that will enable the data 
analyzers to model agricultural production and management systems.
 

In the course of field experimentation, it will be essential to collect 
balanced sets of soil-weather-crop-management data that monitor the whole 
crop system and facilitate the identification of minimum data sets. Data 
compilation should be characterized by a wide range and a high precision, 
accuracy, and frequency of measurements and observations. 

The crops currently under consideration for model development and/or
 
validation include cacao, cassava, coffee, cotton, groundnuts, maize, pigeon
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Informati.on dissemination
 

As this aspect will 
 become rore important in the later stages of theproject, particulars 
have not been developed at this time. 
 It is clear,
however, that all of the data collected at the IBSNAT sites will, with thepermission 
of the responsible insaitution, be available to other members
of the network. It is also 
 intcnded to develop a user-friendly queryresponse interface 
program for minicomputers through which 
the data base
and computing capacity of 
a mainframe computer can 
be accessed.
 

Symposium on minimum data sets 
for agrotechnology transfer
 

IBSNAT's first major 
activity will be 
 an international symposium on"Minimum 
Data Sets for Agrotechnology Transfer." 
 This symposium is cosponsored by 1CRISAT, IBSNAT and the Soil Management Support Services (SMSS)of the USDA iod will be held at ICRISAT in ilyderabad, India, from March 21to 26, 1983. Participants at the symposium will be mainly the data generatorsrepresenting the agricultural research centers col laborat ing with IBSNATand data managers. The purpose of the symposium is to reach a consensus among the collaborating institutions, agencies, and organizations re.gardingthe crops to be studied, the kind and design of the field experiments
be conducted, the nature 

to 
and magnitude of the soil, weather, management,and crop phonological data to be collected aid to discuss data processing,

analysis and interpretation, and dissemination of information.
 

The symposium will provide a forum for 
 the participants to create anetwork that functions for the mutual benefit of all collaborating institutions. It will also allow the collaborators to actively participate in theplanning and design of IBSNAT. The ICRISAT symposium will be the first ina series of meet ings designed to convene the col laborators periodical ly toreport progress on attainment of network objectives and to plan future work. 

IBSNAT LINKAGES
 

By intent and design, IBSNAT depends heavily on the cooperation of
experts in many fields and efforts will therefore be made to enlist the bestavailable individual 
talents and institutions in this joint endeavor.
 

IBSNAT will be able to draw on the expertise and institutilonal capabilities of other AID-supported projects, notably the Soil Management SupportServices of rh& USDA Soil Conservation Service and such programs as the SoilManagement Collaborative Research Support Program (CRSP) or TROPSOIL, theNitrogen Fixation by Tropical Agricultural Legumes project (Ni fTAL), and
the International Soybean Program (INTSOY).
 

Mutually benef icial I inkages 
 are anticipated with FAD, the International Fert 11 i ze r Dheve Iopment Center , tie Nat ioraI Oceanic and AtmosphericAdministration of the U.S. Department of Commerce, tie Foreign Agricultural
Service of the USDA, the Fedural Institute for Geoscionces and Natural
Resources of West Germany, and others. 
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CONCLUSION
 

IBSNAT't main premise is that agrotechnology transfer can be achieved 

by simulating the performance of cultivars and management practices at the 

t-ansfer site. To demonstrate the feasibility of this approach, IBSNAT will 

consolidate a cluster of national and international agricultural research 

centers into a prototype network for the purpose of developing, testing, 

and utilizing a scientific methodo_gy for the effective transfer of agro

technology that is based on a systems approach and computer simulation 

techniques. 

While simulation models have long been considered the conceptuaIlly best. 

approach, various constraints have prevented their use in the past. Advances 

in crop modelling, however, coupled with advances in computer tehnology, 

now make such an approach entirely feasible. Hugh amounts of datz can now 

be processed quickly and translated in a purposeful way into user-oriented 
format s. 

At the end of the niine-year project., the prototype 1BSNAT network should 

transform into expanding and sell-sustaining networks. At that time, each 

participating country should have time capabi it y o screening large numbers 

of technologies and cultivars relative to their suitability for transfer 

to various agroecological zones of the country. The screening o technologies 

and cultivars by computer simulation cannot replace field restarch, but it. 

enables the user to identify the technologies which, through a minimum of 

adaptive .esearch, can be tailored to local conditions with a high probability 

of success. 
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LABORATORY METHODS AND DATA EXCHANGE PROGRAM
 
FOR SOIL CHARACTERIZATION (LABEX);
 

A SUMMARY OF THE REPORT ON THE PILOT ROUND
 

L.P. van Reeuwijk and W.G. Sombroek
 

ABSTRACT
 

To gauge the need for possible standardization of analytical procedures
 

used for soil characterization and classification, twenty laboratories from
 

all over the world analyzed ten "reference" samples on particle size distribu

tion and cation exchange capacity. The ahalytical results in general show
 

a large variability both in accuracy and precision, which are dependent on
 

type of soil and laboratory. This strongly points to the need for standardiza

tion of analytical procedures. The results olso indicate that such standardi

zation is feasible but that a certain, not insignificant level of variability
 

will remain unavoidable. Such estimated levels are (relati,- figures):
 

+ 20% for CEC, _ !1% for clay determination and + 25% for CEC of the clay. Conse
quently. classification criteria based on laboratory analyses snould be used 

fle cibly. 

INTRODUCTION
 

Complying with the recommendations of the 2nd International Soil Classi

fication Workshop held in Malaysia and Thailand in 1978, sponsored by
 

U.S.A.I.D., the International Soil Museum at Wageningen initiated a program1
 

for cross-checking, correlating, anI possibly standardizing laboratory methods
 

used for soil characterization in various parts of the world.
 

It was decided to start the program with a pilot round in which a limited
 

number of laboratories would analyze a seloction of divergent soils on some
 

essential parimeters. The results obtained in this round as well as future 

funding pCssibilities would be decisive for a possible continuation of the 

program in extending the number of part.icipants, soil parameters to be 

analyzed and soil typos. 

All 22 invited laboratories, about half from "developed" and hal.[ from 

"developing" countries (see Appendix 2), accepted the invitation to partici

pate and were supplied witih 200 grams of 10 "reference" bulk samples prepared 

'In cooperation with the Royal Tropical Institute, Amsterdam, the Netherlands.
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by ISM 1 (see Table 1). They analyzed these samples on two parameters notori
ously suspected to be dependent on the methods used, viz. particle size dis
tribution and cati:,. exchange capacity, according 
to their usual procedures.
 

A first progress report giving 
 the results of 13 laboratories was
 
presented at the 4th Internat, nal Soil Classification Workshop, Rwanda,
 
1981. Now, the results of 20 laboratories are available and statistical
 
treatment could be carried out.
 

MATERIALS AND METHODS
 

Soils
 

The soil samples selected as "reference" samples host a number of aspects

relevant in soil characterization. Samples 1 and 2 (Ferric Acrisol/Oxic

Paleudult) contain the argillic horizon aspect at relatively low clay content,
whereas samples 6 and 7 (Humic Nitosol/Orthoxic Palehumult) have this at 
much higher clay content. Samples 3 and 4 (Rhodic Ferralsol/Typic Eutrustox) 
represent possible problems associated with Oxisols, such as CEC boundaries 
and dispersion difficulties. Samples 5 (Orthic Solonetz/Typic Natrargid) 
and 10 (Calcaric Fluvisol/Typic Fluvaquent) were included to represent

solonetzic and calcaric soils respectively. Finally, an Andosol/Andept was 
selected in connection with both charge behavior and dispersion problems
(samples 8 and 9). Bulk samples of about 75 kg of each "soil" were air-dried 
at about 20*C, mortar-crushed, and passed through a 2 mm sieve. Each sample 
was then very thoroughly mixed in a 200 litre container and transferred to 
10 litre buckets for storage and dispensing. 

Data processing
 

The methods used by the participating laboratories are given in Appenaix
i. Only a few laboratories gave duplicatc results of their analyses. In 
these cases, we averaged them for the present purpose. 

Several laboratories gave particle size distribution data rounded off 
to whole figures. For uniformity we rounded off the data that were given
with decimals except. the silt values of samples 3 and 4 which appeared to 
be very low; rounding off would lead to relatively high de)iations from the 
original values. 

UnfortunaleI ly, the t1reaImen-t of data was somewhat compl icOt et by the 
fact- that no agreemtor exisits on t.he clay/silt boundary. Some laboratories 
cal I s iIt the fract.ion 2-50 jim (and con sequently san,! 50-2000 jim), whereas 
others take silt to he th fra.ction 2-20 jin (and sand 20-2000 pmn); the 
majority determined both Irictions, however. Te do justice to the efforts 
of i I I amboratories and b,:c; use of the wealth of data, it was decided to 
in letJd both !;ets of dalta il the stat it i tl l+ tllel 

Wirh the kind cooperatior of the Kenya Soil Survey. 
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Table 1. Description of the reference samples.
 

Depth (cm) 	 Classification
No. Location Horizon 


Ferric Acrisol, petric phase/Oxic
1. Ap 	 0- 15 

Pale(?)udult
50- 70 


A 0- 22
 

2. Busia, Kenya 	 Bt2 


3. 	
Ba 80-120 Rhodic Ferralsol/Typic Eutrustox
 

4. Magarini, Kenya 


Aa 
 0- 20 Orthic Solonetz/Typic Natrargid
5. 	 Bura-east, Kenya 


O- 18
6.Ap 


6. Nairobi, Kenya Ap 5-15 Humic Nitosol/Orthoxic Palehumult
Bt2 65-115
7. 


Ah 0- 17
8. 	
Ba 75-10 Mollic Andosol/Udic Eutrandept


9. 	 KiJabe, Kenya 


Ca 60-IO Calcaric Fluvisol/Typic Fluvaquent
10. 	 Randwijk, 

Netherlands
 

aunspe.:ilied
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In addition to the 
direct results of 
CEC and particle size distribution

analysis, 
some derived parameters were calculated for practical 
purposes:
firstly, the CEC of 
the clay, being a much 
used parameter in soil characteri
zation and incorporating possible errors made in the 
CEC as well as in the
clay determination, and secondly, the silt/clay 
ratio to underscore a major
source of error in 
 particle size analysis: the dispersion procedure.

Aggregates of clay particles 
surviving pretreatment 
may largely be assigned
to the silt fraction (and to the sand 
fraction, but this is 
not looked into
 
here).
 

Statistical treatment of the data 
was performed using computer programs

from the SPSS (Nie et al., 1975).
 

RESULTS AND DISCUSSIONS
 

In the present study are
we dealing with two variables of which the
 
significance has to be tested for each soil parameter:
 

I. Soils (soil sample difference)
 
2. Laboratories (different methods of analysis)
 

Soils
 

The analyses of variance of 
the data per soil (not given in this summary)
indicate 
that for all paramreters

(1%/ level), the soils are very significantly different
a goal that was aimed at by the selection of the samples. The
 
horizontal columns 
"mean" in Table 2 give the average values of the parameters

as they 
were determined by all laboratories. 
 These values will be usa I as
 
reference values in 
this study.
 

For the 
 more important soil parameters (CEC, clay content, CEC-clay)

a positive correlation 
was found between 
the error and the magnitude of the
parameter. Therefore, 
the decision was made perform the
to analysis of variance on the proportional (7M) deviations 
of 

from the mean, whereby the magnitudethe means is eliminated. In addition this gives a useful set of dimension
less data facilitating easy 
 comparison of performances of laboratories.
 
They are 
also presented in Table 2 (right-hand side).
 

The relative degree of difficulty of the soils 
is expressed by the
relative magnitude of the standard deviations: the lower tie values, thesmaller the deviaLions from the mean. It appears that none of the soils
is the easiest or most difficult in all parameters. Thus, soil 
5 (Solonetz)

appears to be the easiest in both the CEG and clay determinat ion and hence
in the CEC of the clay, 
 but not in silt and sand. Soil 10 (Fluvisol) isthe mo:t difficult soil to determine the CEC of (calcareous!) while soils8 and 4 (Andosol) are most d t ficult in the . lay determinat ion. The drying
of this; soil is probbably respon;ible fot ; dispersion pro e:.
 

CalculatiMn 
of the CE(" of the clay ofter allows a rouh check on theclay and CEC data (when the clay minet-logy is known). The mnot-:.alI prominent: error is probably the too-low estimate of the clay cotent leading to 
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suspectly high values 
for the CEC of the clay. Also, the presence of organic
matter leads to an overestimate of the CEC-clay. On the other hand, appreci
able errors may not be conspicuous either because data 
seem to be within
reasonable bounds or because they cancel out to a certain extent, e.g. a
too-low clay estimate is compensated by a too-low CEC determination.
 

The present results show clear examples of all these features. The
CEC of the clay of the Ando; .1 (soils 8 and 9) in Table 2.1 is in many casesimpossibly high even if Lhe whole clay fracLion would consist of allophane;
at the same time the lowest CEC value found for soil 9 ( lab 2: 9.5 me/leO g)
coincides with a relatively low clay content (lab 2: 10%Y) yielding a CEC
clay of 95 me/l00 g, a reasonable value for this type of soil. 

Also, in soil 10 (calcareous Fluvisol) soe impossibly high values ofthe CEC-clay occur, corroborating the malicious effect of carbonat' on the
clay doterminat ion (lab 13: -58 deviat ion f rom the mean) or on the CEC deter
mination (lab 9: f153:, deviation) or on both (lab 10, CEC: 12%, clay: -12%X). 

Yet , also in the many cases where errors are not. conspicuous, wide varia
tions in results withlin soils do occur. This is further illustrated by tIhesilt cont otn s and the :;i t/cIay rat ios. (Table 2.2, 2.3) where t!eI latter 
particularly shows dispersion probltms of the Ando.ol and Nitosol and alsoof the Ferralsol (although here tht, relatively low silt conteouts give a some
what exaggerated pi: ture). 

As for the s;ald dat;i, the agreement. between Lhe labs is striking (Table
2.3) for soils with high sand CtouItelli (Acrisol, Ferralsol , Solonetz) but 
not so good for t h, clayey Ni tosol. The Andosol is relatively "noisy" while 
the calca retus F!tivisoI t akes ut ritl diaLtoin an int' posit ion. 

This is a resutu of a il'jit ivc correlat ion of errors in the sand determi
nat loll wi th t lit'mtgnit di' of th sand Contenlt: sand 
 as Such is a relat ively
easy parilmet-e.r [i dtotitermilit in toilt ist t o clay and silt. The latter are
 
more prout liitrror and since trot
lit f, paramte rs are cotmplementary, higher

clay and silt conlt.ent.s (with larger trrors) 
 are accompanied by larger errors
 
ill tie Silld d(eterminat1 ion.
 

Of more prict.ica I importance than the variability obtained by 20 labora
toris tg.et her is Itbe varitbi lity obla i ned by individual laboratories. 
This is discussd( next, 

Laboratories
 

An examinat ion ot the performance ofi idividual laboratorits has the
important pract i:al aspet I lit cla;sif icati ,n of a soi I is nearly always
 
tased upon 
 data ot , single laboratory. 

As expe:ted, due to UPhitvery signiit iant di fer'en:es bltween soils,
th, analysis of varian:e of all tlata versus laloratorie's did not produce
stat isti:ally signif icani: fdiferi'n:es betwetn lifs for any parameter. There
fore, as was done above, soil difterens( were eliminated by using the %0 
deviations from inth1 mean vahiiies of eich soil. 
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In Table 2, the vertical columns "mean" on the right-hand side give 

the weighted means of the % deviations per soil and express the overall perfor

mance of each lab relative to the other. 

To judge tbc performance of the individual laboratories two criteria
 

have to be used: 1) the deviation of the lab mean from the "true" value 

(presently: the overall mean) should be as small as possible (good aeccracy) 

and 2) the standard deviation or standard error of tie lab should be as small 

as possible (internally regu .r data: good precinion). 

The use uf Lhe ovenal I mean of the parameters as reference value in 

this study may somewhat. comfort the laboraLories with high deviations from 

this mean (low accuracv): improvements may be expected when standardizat ion 

is accepted by all. As for t.he internal regularity of data (precision) it 

is uncertain if st-andardization will give similar improvements since this 

aspect is probably to a large extent a quality aspect of the individual 

laboratory.
 

Acco'ding o tie present, result s , mhost "'ccurate" CEC value are 

produced by labs 4, 5, 1i, 16, and 19 (near to the mean), while relatively 

good precision is shown by labs 1, 5, 10, 11, and several others. 

Most- accurat e clay dat a are produced by labs 2, 0, 8, 1 1 , autn 920 Ol 

all soils and without: ihe Andosol also by Iaos ), 14, 1I, 17, 18, and 19. 

The highest precision is ON hined by I abs 7, 10, and l0 err all soils and 

by a large numbelr ofl labs when tih' Ar\ihsol is omilt t..2 

Tie CEC of Al' clay data show a much larger vari iilit y both in accuraty 

and precision. Ac'urate diata arc produced by Ilibs 8, 11, 14, 19, and 20 

oir all soils and by sirs' ki;ht labs when tho Andosol is omitted. Tirel only 

precision hrlow I0Z trror is achieved by lIab 7 i all soils, whereas several 

labs show improved prec ision wit hurt the AndIso. 

accurarcy in tie silt doterminrrat ion, 

but generally tie accuracy is low as is th precision. By contirast, but. 

as expected from the f oregoing, the iccuracy Oi tie sand d r'risiiai ion is 

good for several laboratories 2, h, 8, 11, 13, 16, 18, 19) (er all soils 

whi le the resul t s are bIt. ter st i l I wit hout Andosol . loweve r , some ot her 

laboratories show renarkably low iccuracy (1, 5, 9, 12, 15). The precision 

is generally disappoint ing.
 

A low labs show reasonablv doo, 

1After processing of t he datI , it was discovered that Liab 10 produced it!, 

data on air-dry weight. basis rather thin on oven-dry basis. This has some 

impl i cit ions lor t h' c layy soi ls, .lih data Ai wiich have been cronderesl. i

mated. For good order, tie rispIct li' moisture percentrges ats found by 

lab 10 for sOils I to 10 are,: o.() - 1.5 - 0.0 - 1.0 - 3.8 - 6.0 - 8.4 -

10.3 - 1.Io - I.h. 

2Lab 12 obtained r'xi:ept.iici, lly high clay cote'nt s (arnd thuts low silt) for 

tihe Ando .epis 8 end 1) due to ai nonroul ire ,'II',rt. io recovi'r ' l' I clay 

(repeated agitation and decinit ion or seve ral ,weeks). Although this was 

contrary tio instruct ion, it casLs an interest lg I ight o the 'r rue'' value. 
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The' dat hi'ow that
;7<777t M7; to, W'i 7 7; 

on the one handthere is reasonable go<dagreem o 
twe' eea labs, both in acu~c- in eye nhg 

sistenciek 4 1~ ih4~eni'n 

Classification aspec'tsI'' 

4-W' 

4b'Uity4 of 'the'4data. The soil 


T'able-42 allows sone observations on classification aspects of the varia-. 

with a CEC-clay requirement at the highest"" 4 level of,,classification is the Ferralsol/Eu-rustox. In all c t cc

horizon (Table 2.1, CEC 
of the clay, soil 4) appears to have a CEC'clay,

< 16 me1 O 
g so that this soil seems to be a "safe" Ferralsol in this 

4 

-, respect. 

S The Acrisol/Paleudult and the Nitosol/Palehumult have 
both been desig2nated "ferralic/oxide' (c.q. the "kandic" of the ICOMLAC proposals) at sub-T group, level with the requirement44 that the CEC-cl ,< 24 me/ g (by theNH4 OAcmethod). If the present B horizon is taken to have ferralic/oxic

proiperties,' then the' Acrisol would not be designated''as such' by no fewerthan tconilaboratories 
(Table -2.1,, CEC of .the-.clay,
soil 2) and the Nitosol
by sixlaboratories 
(same Table, soil 7). Obviously, the original designation

"1oxic" was subjective 'in itself 

' 

and may .well,be wrong, the discussion only
focuses attention on the consequence of the variability in the data. 

The Acrisol 
(soil 1 and 2) and the N!tosol (soil b and 7) are both ulti

sols-'with''the 'requirement 
 for an argillic horizon. ln case Of the' ,krlsol,only 'one laboratory does not differentiate 'between the clay contenv sof th,,
A and. the B horizon to this end (Table 2.1, 'clay content, lab 1).,1' In Case
of the Nitosol, only-two laboratories :(14 and 15) 
do not measure a ifficien ,
clay increase (in facV.,B"horizon). ' 'However, all three labs measure' aseveral laboratories (2, 5, lower clay cont11Li the7, 12, 18, 20 1 measuried 
only 9. difference in 'lay content, just 
over the required minimum of 8%.
 
Another 4 labs 
measured an increase' of 
10% or '1-1. Considering the probability'of an appreciable error in the clay determination (over 10%. relative)in this case 
there can be quite some uncertainty on the reliability of 'data
andchance plays a big 
role. Alternatively, this implies that by request
 
of theperson who classified the soil in the field, repeated analysis could
-2well produce different data legitimatl better suiting his classification.
 

Analysis of differences in analytical procedures
 

-As..was 
 expected, a variety of methods' was employed by the laboratories4to determine' the CEC and the 
 particle size distribution (see Appendix .1).
when the "same" method was used, details often varied, 
e.g., shaking

time, leaching time,. This strongly hampers 'the possibility of' statistical. 'treatmenL of 'data for significance of procedures,. Since the collection of
data do not result from an experiment with proper: factor design, possible
interactions of treatments are hard or imp)ossible to analyze. Ye.,ani attempt
 
was made to single out some 
of the most impoftant- r.,ethod differences.
 

:
44'4" { 7;1 7 1- {71717: 7 1 
4447
 

4104
 

'444 
4 



.ifrn CEC..mtoix E .	 were ,,compared. ~ c Si di.. .r.r&~ .f~.tod mO ods 
Aft ' li'naLiton of oi I- in f'u en ce by- 6 ng deviations roAthe mean .values 

Compuls.ive exchang meth'iodyie l~d-s- uch I'or CEC, vdlaI thootlerm'ds' 
(41t4. Lherme'an) while Lhe:.'f'fect ive' 'CEC menotho, (EEC) alIso, yieIds re labelow 
~'tv~~low valu s~;'(-4%. The CaCl pH'"mtIo hh	 k'ds 

(40%. itis: no, "surprise' 1 that~ the. NH40Ac . 7mtod'ils'rslt'na
 
'to the4 , meian since thel'majority4 of' data~.wa ' ydic'ed with' this method.,
 

4thoTher mEtho'anopusv exchange. methods wore individually4 tested against" 
4
 

th thr hos ad both proved to 'givevery igniiicantly lower 'result~'
 
' K than the other methods.' It should be n. that of' these fiiethods, the d
 

of only one laboratory each 'was, available. 	 ' 4 K'' 

Cacotn.In the prtcesize analysis, several important'. pre
':44treatments, were applied by 4part of the laboratories and 'omittid by., others..~
 

The 11202 treatment is omitted by about vne-fourth of the laboratories. 
'Analysis of 'variance shows no significant effect of this' treatment. Infct
 

4'

"''"'~omitting'it seems to have'a Positive effect. this casts doubt on the results
 

Sand strongly suggests interaction with other effe'cts. . .,
 

Also :one-fourth of "the' laboratories, employ the',decantatioli method~ to 
separate silt and clay fru~m sand rather than 4use"'a. sieve. With this method, 

J~.~.'ess clay. seemed to be found but the dif forence i's stati~tically not signifi '"

44" cant. ' 	 ' 

Pretreatment to remove croaeis routinely 'applied on all soils (also.
 
when rarbonate is 'absent) by about' one-third of' the laboratories.' Two ,
 

',viz.44 	 different'.reagents are used, .the Na0Ac 'pH 5 buf for and the , 11C ph, 3
 
solution. The mildly 'acid acetate buffer' clearly gives ,the highest clay
 
yield, whereas the HI~ treatment yields less 'clay' than when no treatment
 
is given. .. 4 
 4 

different types of physical dispersion are employed, viz. shaking K 
' 	 by hand, mechanical shaking, and ult,-asonic 'treatment,' with, the. majority 'K 
using 'mechanical shaking. Statistical 'analysis indicates' no significant 
differences' but the ultrasonic 'treatment' appears to' give, some 10% higher' 
clay content.4 

''-A'~hree 

Finally, three' methods of 'clay determination' can be. distinguished: 
the'pipette'method'('employed by 15 labs), 'the' hydro6neter'(4 lab's), :and''the 
sedimentorneter 01 lab).. The hydrometer gives some .10% higher results than4 
the 'pipette'.method (not statistically significant) whereas the sedimentometer 
gives significantly higher results (G40%).'
 

The NaOAc pHl8.2 method was employed by one lab (3) on all soils and by 
another (12) on three soils. Since the results deviated only slightly from) 
the mean (-7%), this 'method was taken up in the group "other 'methods." 

4417
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K,-tt,Th e resu 1 s obtaIne in his -pi-lot round a abratcry mcthods and1b'
data,,iexchange, program s, o thataw varible anan rwor 

obt~a T s-if'f v aochcs~sesfrsi c'lassificationed. quanti tat 
such ste~ system o Si. ,axonomy, are to: be. used globall; eiI 

fS'si al'si have0 t o Jb~e sa ndard 17,td':Iin detal . 'Th6W p e s ent" reslt 
ndica e 'that such stndization' is fe .sible but 'that' probalyrelativly 

hgm u levels of' variability have ' to*'be, reckond' with. Consequbently,
taxonomic crit'eria for which these analyses to 'be, carried out have,are. 
tobe implemented flexibly. ~ ~ "'~~ 

From. he presentstudy,, such minimum, levels can be etmtda,,rltv

fiue) 0 CC 1 for: c~~' content~ add+ 25%. for' CEC of the
 

RECOMMENDATIONS, "l ~ 

1
SRecommendations as to' .the choice~ of methods'a~' det~dilsll'of' prc'ue


Tcannot be:'mrade at this stage. Such 5 choice 'has not only'pure lyItechnical''A
bu~~a~~so>historica'I' 'impl1jcat ions. A -laborato~~qiestsidwt h

procedure, that' has been In use for many~years, mightjnot be readilye
 

4to(adapFurter testing and correlation of meth'odsb,, ,more

seems to. be, the next step to' take. ,The1 program' also needs , to: ,be extenided
 
to other soil parameters such as base saturation, ,water dispersable'cla
 

'I laoratis"''
 

'"' and ,others.~ Also, the, present set of "reference" samples could be impoed

and perhaps extended to 15 or so. 'The dried Ando samples, 'altoug ielding.

useful, information, appeared not to be representative 'forl the present purpiose~'


lnteestig be -o include some "bou~ndary" samples,'eg ewe
1"'otil 

4 Ferralsol/Oxisol and Acrisol/Utslan bewn Luvisol/Alfisol' and Acrisol/
 

Ultisol. Utsl n bt~
 

and an asif work of 'this type is to have practical apicaioadimplementation, some policy-making c'ommiittee' should, be' set up. Sugges7litions for improvement and extension of the' program' are invited. 1'I
 

The full report, including the statistical treatment, of data, can '
 

be obtained upon request from the International Soil Museum, Box '3543,

6700 AJ,' Wageningen, the Netherlands. 
 '7' 
 '
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PROPOSED PROCEDURES FOR UPDATING SOIL TAXONOMY
 

Klaus W. Flach
 

Soil Taxonomy give inadequate
The current procedures for updating 


recognition to international committees (ICOMS) and have not worked effec

are designed to remedy these shortcomings.
tively. The proposed procedures 


An earlier version of these proposed procedures have been sent to chairmen 

of committees and other interested persons. Most of these comments have 

been received and will be considered in the (evlopment of the final pro

cedure. The final procedure will be published in the publications listed 

under "Distribution of Approved Amendments." 

PROPOSED COMMITTEE STRUCTURE
 

It is proposed to establish a policy committee which will make final 

in Soil and recognize technical committeesdecisions en changes Taxonomy to 

which will develop recommendations for the consideration of the policy 

committee. 

I. 	 'rhe Soil *Taxonomy Policy Commit-t.e 

Directors of Soils, SCS, Chairperson 

ational Leader (U.S.), Soil Taxonomy, as Secretary 
Members: 

I representat ivt, U.S. Regional Technical Committees, 

I representtt ive, International Technical Committees, 
ScienceI 	 represent. iv,,, Soil Taxonomy Committe, Soil 

Societ.y of America 

make itl on changes in Soil TaxonomyFunctions: 	 To W decisions all 


abOve the 10VtI l.
set.riS ' 

2. 	Soil 'Taxonomy Technicai commi t tes 

a. 	 National and regional conmiLtLtees: Commit t"es serving geographic 

areas owhi c m hhe mu It i eat. i ota I , nat i ona I , or regional (within 
nat ions). 

ional , regional soil surveyMembers: R.prvnt t ives ol nat 


organ i zaLi ots ad appropr i at e ;tttrnitat i onalI group,;.
 

b. 	 Subject riatt|or commi t ees: Committee; that address taxa, groups 

of taxa, dignostic criteria and other elements of Soil Taxonomy 

(e.g. ICOM's) 

423 



Members: qaU o~ c~n
 

c.unctio s* Nationa and egi ] subj-o 
 matr COIRMI ac 
eICY pUoiteJ.ntoac o ad a _,ic aath 

Taxonomy"Va11o1axoomt r
 
"V.a..,ono oc Comtre
6 ,ai Comnte daveg- nr~lc hi mboeshi. S jo_ ma r 'ce es n he paszha ~een; opecn tL aLI,COm 

3.Adhoc' Commt es an c~ere 
-Func!Tions:, S ~
 

oCcommittees, and reFerees".ic' 
 bomtae'chrmr ofaare, appoincbd y 'the- Po i cCommit'tecto 'evaluate , rsei cProposals ao c 't'recomendatin bba 

SPROPOSED PROCEDURE S.FOR MAKING 7CHNCES SOIL 7TAXONOMYIlN " 

Anyone 7'may, propose chang.~' in So iI Taxonomy. Proposal 'for 'esta4Ifshment.7 ~of '77ari Iplie'd or' parallel subgroup'( see- do fini 6ion~s below) 'wilI 4bon ha d'" as infomly s possi o' A more compilex procbdu is 'Pop f'o" othe "chanjes. 77 ure r ,other7 7 

Proposalfo imnplied or 7777- fo parallel suba'roups 
7 

$Imnpl'ied "subgroups, are subgroups7 that' are' excluded from t~he defniioof th tyi sbr u ut.'foriwhich
.has' been . no "subgroup (intergrade. or 'extragrad6) 777'pcognfzed Paral'I~ol'subgroups-are subgroups (or elements of 'thie" 

7 

de'n~tof 'of> the' Lypic subgroup) 'that 7 are- recognized 7in one great g~roupbub7 tin an equivalent other~ great group, 

t' 
77ro 

Prpsals~ should be dresd -to tcpolicy'cmite If a national 
s th7.77477J77'..e,
.or
7 regional technical Committee has boen established for the county or region.

frp,,hrlteproposal orignate' it shld cocu7.policy -Committee will. either approve thle proposal 
In th rp-,,l h 

or' assign it to a referee.~'ratechcal committee for a recommondaton, Proposals of this kind should"'
beprceso With a minfimlul of" delay. 0 . 
.
 

7 

.~Proposals for otherchanges.;~, 
' i 

Prop7als should be adldre scd to 'hi', chaiirm~an chiaor.1they, may be sent. totho s.criu iry 'fa' coumiueof thQe policy commit e. 'If the propo.salIs s~ttdto the polity onrteit' will bo reforred 
7-tchnical Cmmittee 'r 7 ciunl #dl 7 

to. all appropriate.'.' 7 y 
u 

it; ad 'hoc6 r, a4. to 
a 1h'~csn Committee7t o'I711!f , p ma e i r c.l n " i .trv b!a 

o~dairman~ f'a technical ~ rJ'~hoc crwJ'itt, oi refor'ec. . 

77 '77 ~ 77 7' 
7v 
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DOG MNTATI F OPAS D REONMENDA10 S 

t.a o ld:oc to t o ata1 perVs n4d 
n~~~-hnapo e c agoga hc 

exteto prop so ew ta 0n- W o(g oo anF- a L uation o Ima 
p fsSol Tax no C rec L addressEd ,by th proposal

aodn a o o tILf'ion6h c c prps for tho1 prj ves
So 1 axnomy V f 

alDITRBUIOmn77 OF opNNT
gifiAPPROE AH 

Aprvannmot ~t~b thpbNsen olTaooyHado
 

.,il-.b h in o Kao t ipoSopronomy'am ndelt o'.pbd next tin the ', y 

Sot'TI& rdly dvlpetn o SilTaxonomy,, cuiezthelScienceishmetno
 

ozed 'xpincitry7(isjinth ~cord:p~h~tAt-mendmcen willcagn computer or 
o IThos
a th'land in maps'the neotl oother "cayou''.

'WSupoit syTex()m" havee~b~~tbinhdiLe ntd-tt 4 adi 1 sm~ 
expecantie' SomhKe cImanre C Iue.d lre''nly 

~ ><.~ fomal d6rytn~'bais mutaabsses oEquivlent on a',dwo 


Coune tbies. Suofh ytemsr souLdeocriiirze o,'h'getotpos.1i 

extent.'f 2 4' 
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RESLUION *D RECOM14ENDATIONS 

e , lowing rsol tios ad ecomena ns LwerZ M t q,,dics edQ. 
aapoved du iing. the iClosingl Ses'sion 0-o. the fb.orkhop ona 9va b 

I..- h parti Pant-s oftewrkshop,- hi'ghly " c'onmedi thieI pon'sor.n 
organiza ions,, particutarly the Si.Survey -AdniiniStra~ 0 the bSua 

ar 'L fo npan-p ig, organiLzing', .and onducftng the, conference 
an lad excurstons. 

Proopd y ,' M.-Johnson- 2 

Se~1~ byR.,Tavern or,~
 
M~Pi4arri'e'd u~ninously> r~I~
 

2.. The workshop participatts recommendIthat international Soil Classif.i
 
cationv Commite ivstigate, the ' use of models~ to s~imul~~itoi 
df taxa~ as, a .means of imprving models that use 

'imroin Soil Taonmy C 

as 'inputL data! may be used to4 evaluat~e proposed revisionis.diagnostic~ Criteria 

% Seonde& byR., S. Murthy ~,<444444~
 
zotion cairried unanimously~ ~ ~
 

-
~.~ participants recommeond that ICOMERT make' an e ffortto 'staidardizY 444~3. ,The!, 
~~rocedures ,for, samplIing Vetisols anid distribute',thes 4- proced~rs'o all 

p4cooperators..,444- 44At 

Soi be44 reuete to presrib stnad oio , deinainofScienc 
444iss
Th4edfraseilsbriaehrzndsicin
for~~~444 

made.44


t~o imo esilce ibereuesnd tomperasurib eetnadefinitions.d osature,-~
 
tof ofhenerdpifs, speciall , 'parsticular::4 4 :

4. The workshop participants recommend4'that trongflernaeffa 4ortse -444 

sub riat horizo 

>- frie soi a 

Proposed by G. A.Ntten - -- 4 4 

4me G.'omboe; seconded byA. Van Wmurhy 444,4,4Kf~nnded by KW. 

M444 carried unanimously' 4~~4otion 


4 444- 444444 

444444444444.44 4 44 4 4 4 4 27 4 4 

4
4partcipnt~ rcoimud ffots
h~'i~irkho~ tatstrnge e-maJ"~
4444445 

444444.~ 



y~Mhe155vo iti 
at~on,of theSudan' Aeaiizing t oan ete soils, a er aps mo ie TI -t~~. udanthn cn - As and r'eaffzing. the 0asoJCOHEIT ~ib mr daa t~ eouinddt%,o~ fro ~ srsoa~ ~ ~ s~ ~ ~ ~ ~lST6~oyA ~ _hsblss dinst. aad
V'~',g clds atq-o acLue"'' ~sr ton 
Pa It whork,- of-ICONMT.I t orerco 

ProposedbR. aene
 
n~fded by ~el
e 

o jo rriedunanimousiy
 

y4 
7. The. par Lcipants -recormmend tha, 'organizers of" futuro wo sops"considar ident'ifying, at- lt .tone be'nhmark soi lon-an axperimcnal st~on


sieshould have ton-am~ia~"dt 'a r si

th' 're suable 

forenty i aninternatjiona aabse
 
Proposed by, G Uehara 5 
 7,~4'~
Amne by K. W. Hach.; seconded by W.G. Sombroek K 
motio carried unanimously ' 

8. The participants, racommend that laboratory data and profila. dascrip'tons oftehost country should be inclu~ded in ,workshop, 'Materials for~omparison witLh official descriptions Kand dt ofprofiles 
Se1eCted forthe excursions
 

PAroposed byiiH.' Fadul 7 ~y , .Q;9*:'*. 5 
A45Secn dby W. G. Sombroek
 

Motion carried unaniLmously
 

'!9. The participants recommend talt 'thle cont'rol section Afar particlerrsize 'and minoralogy and th~e ,spa ing 'of cracks in Vertisols -be, sLUddfo 
possibLoA improvement, in the definition of' Vertisols. These",items'Iouldbe discussed by'ICOMERT correspondeirq.
 

Proposed by A. K. EI-Oboid
 
Sv by W. D. Nettleton
econde~d 

KMotion carried' unanimously
 

512The participants acknowledge the value of the LABEX program, and'recommecnd 'that 'itbe continued and expanded to include data from additional~~counries.A
 

-5~"''Proiposed
by R. Tavernier
 
Seconded by R. Haerbillon
 
Motion carried unanimously ~ 


' 

11. eonzn the excellent quality of visual aids 
used in some:.~Apresentat~ions rat this workshop, the participants request that the organizing. 
"A"",COmmitt~e lof workshops encouragefuture speakers to produce high quality

visuals.
 

A' 

"5"'' ~' j ' I' 



Proposed by L. P. Wilding
 

Seconded by K. W. Flach
 

Motion carried unanimously
 

12. 	 The participants recommend that cooperators send typical pedon
 

data for proposed taxa to ICOM chairmen. The work

descriptions and 	 of
 

and objective if such descriprions and data
ICObs is much more effecLive 

are available for evaluation.
 

Proposed by J. Comerma 
Seconded by R. Tavrnier 
Motion carried unanimously 



APPENDIX
 

PROGRAM
 

MONDAY, 1 November 1982
 

Participants arrive in Khartoum
 
Registration, Grand Hotel
 

TUESDAY, 2 November 1982
 

0800 	Registration of Sudanese participants, Friendship Hall
 
Conference Centre (F11CC)
 

OPENING CEREMONY 
Abdulla, Director, Soil Survey Administration
Chairman: 11.11. 


Venue: Regional Hall, FIICC 

0900 	 Introductory Statements 

Dr. K.W. Flach, Associate Deputy Chief for Natural Resource 

Assessments, Soil Conservation Service, U.S. Department of 

Agricul ture 

Dr. M. EI-Kash, Director General , Arab Center for the Studies 

of Arid Zones and l)ry Lands (ACSAD) 

H.E. The Ambhassador of the United States, C. William Kontos 

0945 Opening of the Workshop - I.K. The Minister of Agriculture and 
Irrigation 

1000 	 Refresnments
 

TECHINI CAL SESSION I PERSPECTIVES
 

Chainnan: L.P. Wilding
 
Vtrlllue: Regional 1hit, F11CC
 

1100 	 Keynote Addr(So.; 
L.D. 	SwiiodalI: Co0'nstraints to agricultural development in the 

arid 111nd isil r,,gions of the world:t 


1145 W.M. Johnson: S il cla;!;ification and soil survey for agri

cult ill d e et Iohl t
 

1215 	 A. Coiib;Ltting r ific;tion in the Arab world Osman: tSet, 

M. 0. 	 Saleh: Agri cultuire in the Sudan - History and prospects1245 


1315 	 Discussion
 

1330 	 Lunch 
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TUESDAY, 2 November 1982 
(cont'd)
 

TECHNICAL SESSION II: 
 CLASSIFICATION OF ARIDISOLS
 
Chairman: 
 A.R. Van Wambeke
 
Venue: 
 Local Hall, FHCC
 

1530 A. Osman, ICOMID
 

1630 	 Refreshments
 

TECHNICAL SESSION III: 
FIELD TRIP BACKGROUND
 
Chairman: H. Ghanem
 
Venue: Local Hall, FHCC
 

1700 	 11.11. Abdulla: The physiography of central Sudan 

1730 	I.A. Babikir: Land use in 
the clay plain of the Sudan
 

1800 	M.A. Ali: Soils of the Sudan 

1830 	Discussion
 

1900 Adjourn
 

1930 RECEPTION, Omar Khayyam Terrace, Grand Hotel
 

Night 	 in Khartoum 

WEDNESDAY, 3 November 1982 

FfIEI) TRIP 1: NOR'rTH-.EASTERN VICINITY OF KIIARTOUM (80 kin) 

0730 Dup. Qrand Hotel 
0830 Arr. Pedon SI 

Discusion leader: J. A. Comerma 
1030 Dep. Pedon SI
 
1645 Arr. Pedon S2
 

Dis;cussion leader: 
 i. Ikawa
 
1215 	 Pep. P'edon S2 
1245 
Arr. Grand lHotel
 

Lunch
 

TECHNICAL SESSION I: 5111, 
 CIMIATIC REGIMES 
Chairman: 1. Szab", cs
1 
Venue: Local Hall, FHCC
 

1130 	 A.R. Van Wambeklt: ICOWIORT 

R. Tavernier: Calcula.ted soil1630 moi.s ture and temprature regimes 
in the Sudan and adjacent ar-a,, 
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WEDNESDAY, 3 November 1982 (cont'd)
 

1650 Refreshments
 

1720 R. Stuart, J. King and A.R. Van Wambeke: Soil moisture regime
 

calculations 
4or the Yemen Arab Republic
 

1740 W.G. Sombroek and J. Scholten: A proposal for refinement of
 

the use of soil moisture regimes at high categoric levels
 

of Soil Taxonomy
 

1800 R.L. Guthrie: Refinement of taxa based on soil moisture
 

regimes
 

1820 Discussion
 

1900 Adjourn
 

Night in Khartoum 

THURSDAY, 4 November 1982 

FIELD TRIP II: KHARTOUM - WAD MEDANI (190 kin) 

0800 Dep. Grand Hotel 
0930 Arr. Pedon S3 

Discussion leader: A. Souissi
 
1130 Dep. Pedon S3
 
1330 Arr. Wad Medani, hotel check-in 

Lunch at assigned hotels 

"CURSION TO THE GEZIRA SCHEME 

1500 Dep. Wad Medani
 
1515 Visit Gezira Research Station
 
1600 Tour of the Cczira Scheme
 
1800 Visit leadquarters of Gezira Scheme
 

1900 Dinner at Barakat
 
2030 Return to Wad Medani
 

Night in Wad Medani 

FRIDAY, 5 November 1982 

FIELD TRIP III: GEZIRA (30 kin) 

0800 Dep. Wad Medani
 
0830 Arr. Pedon S4
 

Discussion leader: H. Neel
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FRIDAY, 5 November 1982 (cont'd)
 

1000 Dep. Pedon S4
 
1015 Arr. Pedon S5
 

Discussion leader: W.G. Sombroek
 
1215 Dep. F-adon S5
 
1230 Arr. Wad Medani
 

Lunch 	at assigned hotels
 

1430 
 Dep. Wad Medani for Gezira Research Station
 

TECHNICAL SESSION V: VERTISOLS
 
Chairman: S. Abdul Ghani
 
Venue: Conference Room, Gezira Research Station
 

1500 J. A. Comerma: ICOMFRT
 

1600 Refreshments 

1630 L. P. Wilding: Genesis of Vertisols 

1650 G. Uehara: Application of geostatistics to the spatial 
variability of Vertisols in 
the Sudan 

1710 W. D. Nettleton, R. B. Grossman, B. R. Brasher, and T. D. Cook: 
Application of pedology to plant response predictions for 
tropical Vertisols
 

1730 0. A. Fadl : Soil-water relationships in Vert isols 

1750 Discu-;s ion 

1830 Adjourn, return to Wad Medani 

1900 	 Dinner at the Gezira Club 

Night ill Wad Melani 

SATURDAY, 6 Novemnber !982 

IELD) 'P IV: WAD MEI)ANI - ABU NAMA - WAD ,EDAN (500 kin) 

0700 Dep . W.ad :.Ieda ia 
1030 Arr. KeTihial.1} Uk-Search Station, Ahiu Naama 

lPedoll So) 

I) ia ;,; io I taldel: . .itzio 
1230 DIp. P( d, [v !;I 

1,u1'h1i ,Tt rn:i'ia Researclh Station 
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SATURDAY, 6 November 1982
 

1400 Dep. Kenaana Research Station
 

1630 Arr. Pedon S7
 
Discussion leader: P. Vijarnsorn
 

1730 Dep. Pedon S7
 

1745 Refreshments at Sennar Sugar Factory
 

1815 Dep. Sennar Sugar Factory
 

1930 Arr. Wad Medani
 

Night in Wad Medani
 

SUNDAY, 7 November 1982
 

FIELD TRIP V: WAD MEDANI - GEZIRA 

0700 
0745 

0945 
1300 

Dep. Wad Medani 

Arr. "edon S8 

Discussin leader: 

Dep. Pedon R8 

Arr. Khartoum 

R.L. Guthrie 

Lunch 

1800 Optional. trip to Omdurman Market 

NighL in Khartoum 

MONDAi, 8 November 1982
 

KHARTOUM (250 kin)
 

FIELD TRIP VI: VICINITY OF KHARTOUM (65 km) 

0800 Dep. Grand Hotel 

0830 Arr. Pedon S9 
Discussion leader: 11. Dawoud 

1015 DHp. Pedon S9 
1115 Arr. Pedon SLO 

Discussion leader: II. Ghanem 

1210 Arr. Grand lotel 

Lunch 

VERTISOLS OF AUSTRALIA, AFRICA AND
 

ASIA
 

Chairman: D.T. Pundleton_
 

Venue Loca Ha1., :11CC
 

TECHNICAL SESSION VI: 


1500 ,I.W. lMcharity: Verti,;oL! (if Australia 
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MONDAY, 8 November 1982 
(cont'd)
 

1520 
M. F. Purnell: Relationships between Vertisols and lengths of growing
period in the developing countries
 

1540 P. Vijarnsorn: Vertisols of Thailand
 

1600 Discussion
 

1630 Refreshments
 

1700 
R. S. Murthy: Vertisols and associated soils of India 
- Distribution,

morphology, chemistry and 
taxonomy
 

1720 A.A. Dayot: 
 Vertisols of the Philippines
 

1740 W. C. Somzwoek and H. Van Baren: 
 The Vertisols of the ISM monolith
 
collection
 

1800 Discussion
 

1830 Adjourn
 

Night in Khartoum
 

TUESDAY, 9 November 1982
 

TECHNICAL SESSION VII: 
 VERTISOLS OF THE AIERICAS
 
Chairman: 
 R. Tavernier
 

0830 R. L. Guthrie and J. P. Nichols: Distribution and classificationof the Vertisols of the United States, Puerto U.S.Rico and the 
Virgin Islands 

0850 H. Ikawa: Vertisols of Hawaii 

0910 N. Ahmad: Acid Vertisols of the 
tropics
 

0930 Discussion
 

1000 Refreshments
 

1030 J. A. Comerma: Vertisols of Venezuela
 

1050 W. Luzio: Vertisols of Chile
 

1110 M.C.A. Razig: 
 Genesis and classification of some soils of Western
 
Sudan
 

1130 Discussion
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TUESDAY, 9 November 1982 (cont'd)
 

1200 Adjourn 

Lunch 

TECHNICAL SESSION VIII: SPECIAL PROPERTIES OF ARIDISOLS AND 
VERTISOLS 

Chairman: J. W. McGarity 

Venue: Local Hall, FHCC 

1500 B. F. Hajek: Mineralogy of Aridisols and V :tisols 

1530 K. W. Flach, W. D. Nettleton and J. D. Nichols: Evaluation of 

the mjllic subgroups of Aridisols 

1600 J. E. Witty: Calic ard gypsic horizons 

1620 I. Szabolcs: Assess%.ent of soil salinity and alkalinity 

1b40 Discussion 

1700 Refreshments 

1730 W. A. Blokhuis: Relationships between morphological properties 

and drainage in Vertisols 

1750 E. Schlichting: The water/air regime in swelling/shrinking soils 

1810 f3icussion 

1830 Adjourn 

Night in khartoum 

WEDNESDAY, 10 November 1982
 

TECHNICAL SESSION IX: MANAGEMENT OF VERTISOLS
 

Chairman: M. 0. Saleh 
Venue: Local Hall, FHCC 

0830 S. M. Virmani: Management of Vertisols for maximizing crop 

production 

0900 A.S.P. Murthy: Management of Vertisols in India 

0930 Discussion 

1000 Refreshments 

1030 M. A. Mahmoud: Management of Vertisols for rainfed crop pro

duction in the Sudan 
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WEDNESDAY, 10 Novemoer 1982 (cont'd)
 

1100 M. B. Said: Management of irrigated Vertisols in the Sudan
 

1130 H. M. Ishag: 
 Potential y.eld of groundnuts in the Gezira
 
environment
 

1200 Discussion
 

1230 Adjourn
 

Lunch
 

TECHNICAL SESSION X: 
 MANAGEMENT OF ARIDISOLS
 
Chairman: A.S.P. Murthy
 
Venue: Local Hall, FHCC
 

1500 H. Lueken and F. Brueneberg: Management of Aridisols -

A general appraisal
 

1530 M. 0. El Karouri: Management of Aridisols in the Sudan
 

1600 II.Hamdi: Management of Aridisols in Egypt
 

1620 D. T. Pendieton: 
 Use of soil classification to predict
 
composition and productivity of natural grazing lands
 

1640 Discussion
 

1710 Refreshments
 

fECHNICAL SESSION XI: 
 ICOMID
 
Chairman: K. W. Flach 
Venue: Local Hall, FHCC
 

1730 Discussion, leader: 
 A. Osman
 

1830 Adjourn
 

Night in Khartoum
 

THURSDAY, 11 November 1982
 

TECHNICAL SESSION XII: 
 ICOMERT
 
Chairman: R. S. Murthy
 
Venue: Local Hall, FHCC
 

0830 Discussion, leader: 
 J. A. Comerma
 

1000 Refreshments
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THURSDAY, 11 November 1982 (cont'd)
 

TECHNICAL SESSION XIII: INTERNATIONAL ACTIVITIES
 

Chairman: W. M. Johnson
 

Venue: Local Hall, FHCC
 

1030 F. H. Beinroth and G. Uehara: The International Benchmark Sites
 

Network for Agrotechnology Transfer 

1115 K. W. Flach: The Soil Management Support Services 

1130 W. G. Sombroek: The LABEX program of ISM 

1145 E. Schlichting: Th international reference base for soil 

classification
 

1200 K. W. Flach: Procedures for amendments of Soil Taxonomy
 

1220 Discussion
 

1230 Adjourn
 

Lunch 

TECHNICAL SESSION XIV: RECOM1.ENDATIONS OF THE WORKSHOP 

Chairman: M. A. Ali 
Venue: Local Hall, FHCC 

1500 Consideration of commendations and recommendations 

Discussion leader: F. H. Beinroth 

1700 Refreshments 

CLOSING SESSION 
Chairman: 11. ii. Abdulla 
Venue: Local Hail, FHCC 

1730 The workshop in retrospect - L. P. Wilding 

1745 The impact of tLhe workshop in the Sudan - M. A. Ali 

to the soil map project of the1800 Importance of the workshop 

Arab countries - A. Osman 

1815 Vote of thanks- W. C. Sombroek 

183) Adjourn 

2000 CLOSING I)lNNEIR, Omar Khayyam Terrace, Grand Hotel 
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FRIDAY, 12 November i982
 

Participants depart Khartoum
 

440 



LIST OF PARTICIPANTS
 

A. Non-Sudanese Participants
 

A. Abdul Ghani 


A. Alim Khalid Saif 


N. Ahmad 


F. H. Beinroth 


W. A. Blokhuis 


J. R. Burford 

J. A. Comerma 


M. N. El Kalib 


K. W. Flach 


H. Ghanem 


Public Organization for Designs and Research
 

P. 0. Box 7
 
Bagdad, Iraq
 

Soil Survey and Land Classification
 

Central Agricultural Research Station
 

Taiz, Yemen Arab Republic
 

Head
 
Department of Soil Science
 

University of the West Indies
 

St. Augustine, Trinidad
 

Professor of Soil Science
 

Department of Agronomy and Soils
 

University of Puerto Rico
 

Mayaguez, Puerto Rico 00708,*USA
 

Senior Lecturer
 

Department of Soil Science and Geology
 

Agricultural University
 

P. 0. Box 37 

6700 AA Wageningen, The Netherlands 

Principal Soil Chemist 
ICD) SAT 
Patancheru P.O.
 

Andhra Pradesh - 502 324, India
 

Director
 
CENIAP, FONIAP
 

Apartado Postal 4653
 

Maracay 2101, Venezuela
 

ACSAD
 
P. 0. Box 2440
 
Damascus, Syria
 

Associate Deputy Chief for Natural
 

Resource Assessments
 

USDA-Soil Conservation Service
 

P. 0. Box 2890
 
Washington, D.C. 20013, USA
 

Institut Agronomique et Veterinaire
 

Hassan II
 

Departement des Services du Sol
 

Rabat, Morocco
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R. L. Guthrie 
 National Coordinator for Soil Classification
 
LISDA-Soil Conservation Service
 
P. 0. Box 2890 
Washington, D.C. 20013, USA 

B. F. Hajek 
 Professor
 

Agronomy and Soils Department
 
Auburn University

Funcliess Hall, Room 201 
Auburn, Alabama 36849, USA
 

. N. Hamdi 
 Professor of Soil Science
 
University of Ain Shams 
Faculty of Agriculture 

Shubra el Khema 
Cairo, Egypt
 

H. Ikawa 
 Associate Soil Scientist
 
Department of Agronomy and Soil Science 
University of Hawaii 
3190 maile Way 
llonolulu, Hlawaii 96822, USA 

W. M. Johnson 
 P. 0. Box 528 
Gleneden Beach, Oregon 97388, USA 

11. Lueken 
 Bundesanstalt ftuer Ceowissenschaften und 
Rohstoffe
 

Postfach 510153
 
3000 Hannover 51, West Germany
 

W. Luzio 
 Professor
 

University ci Chile
 

Casilla 1004
 
Santiago, Chile
 

F. Maldonado 
 Agricultural Specialist
 

USAID/Ecuador 
c/o American Embassy 
Quito, Ecuador 

J. W. McGarity 
 Professor and Head 

Division of Soil Science 
Dleparemc at of Agronomy and Soil Science 
The Univ,,,it.' of New England 
Armidale, A.S.W.
A\str,'llia
LI5], 

A. S. P. Murthy 
 Chief- Soil Scientist 
ALvaince Centre for Black Soi l Research 
Reg.ional R,'arch Stat i oa 
Univrs itv ,,fAgri ,tilviri l .:-.'icnces 
Dharwcard (T';p.us 

Dhalrward- 5 india 

442 



R. S. Murthy 

H. Neel 


W. D. Nettleton 


A. Osman 


D. T. Pendleton 


M. Pouget 


M. F. Purnell 


E. Schlichting 

R. Shamout 

W. C. Sombroek 


Director 
National Bureau of Soil Survey and Land 

Use Planning 
Seminary Hills 
Nagpur - 440006, Maharastra, India 

Agricultural Engineer
 
Belgian Embassy
 
B.P. 81 
Kigali, Rwanda
 

Research Soil Scientist
 
National Soil. Survey Laboratory
 

USDA-Soil Conservation Service
 

P. 0. Box 82503
 

Lincoln, Nebraska 68508, USA
 

Director
 
Soil Science Division
 

ACSAD
 
P. 0. Box 2440
 

Damascus, Syria
 

National Range Conserv'ationist
 
USDA-Soil Conservation Service
 

P. 0. Box 2890
 
Washington, D. C. 20013, USA
 

ORSTOM
 
Bureau de T61dtection 
24, Rue Bayard
 

75008 Paris, France
 

Senior Officer
 
FAO
 

Via delle Terme di Caracalla
 

00100 Rome, Italy 

Professor and Head
 
Tnstitut fuer Bodenkunde und
 

Standor tslehre 
Universitaet hlohenheim 
Postfach 700562 
7000 Stuttgart 70, West Germany 

Director 
Soil Survey and Soil Classification
 
Ministry of Agriculture
 
Amman, Jordan
 

Director
 
luternational Soil Museum
 
P. 0. Box 353
 
6700 AJ Wageningen, The Netherlands
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A. Souissi 
 Chef de la Division des Sols
 
Avenue de la Republique
 
Tunis Part, Tunisia
 

L. D. Swindale 
 Director General
 
ICRISAT
 
Patancheru P.O.
 
Andhra Pradesh - 502 324, India
 

I. Szabolcs 
 Professor
 
Research Institut for Soil Science and
 
Agricultural Chemistry
 

her4n CLtu UL 15
 
1525 Budapest, Hungary
 

M. Taha 
 Head
 
Soil Survey
 
Ministry of Agriculture
 
Damascus, Syria
 

R. Tavernier 
 Professor and Director
 
Gelogical Institute
 
University of Ghent
 
Krijgslaan 271
 
9000 Ghent, Belgium
 

G. Uehara 
 Professor
 
Department of Agronomy and Soil Science
 
University of Hawaii
 
3190 Maile Way
 
Honolulu, Hawaii 96822, USA
 

A. Van Wambeke 
 Professor of Soil Science
 
Department of Agronomy

Bradfield Hall 1014
 
Cornell University
 
Ithaca, New York 14853-0144, USA
 

P. Vijarnsorn 
 Soil Correlator
 
Soil Survey Division
 
Land Development Department
 
Bangkhen
 
Bangkok 10900 Thailand
 

H. R. Wack 
 TA Officer
 
USDA/OICD/TAD/Worldwide Programs
 
1735 North Lynn Street, Rm. 104 Plaza W.
 
Arlington, Virginia 22209, USA
 

L. P. Wilding 
 Professor of Pedology
 
Soil aind Crop Sciences Department
 
Texas A&M University
 
College Station, Texas 77843, USA
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J. E. Witty 


B. Sudanese Participants
 

Abdel Rahman Ali Osman 


Abdalla Nur El Deen 


Abdel Nagid El Mubarak 


Abdalla Ibrahim Elhjwa 


Abdulla Ibrahim El Fadul 


Abdel Moniem Kafeel 


Abdel Karim El Obeid 


Adam Ibrahim Adam 


Ahmed Rudwan Abdalla 


Ahmed Abdel Ronuf Khalil 

Soil Scientist
 
USREP/JECOR (Box 150)
 
APO, NY 09038
 

Soil Conservation
 
P. 0. Box 2244
 
Khartoum
 

Soil Survey Specialist
 
P. 0. Box 388
 
Wad Medani
 

Ass. Soil Survey Specialist
 
Soil Survey Administration
 
P. 0. Box 388
 
Wad Medani 

Asst. Soil Survey Specialist'
 
Soil Survey Administration
 
P. 0. Box 388
 
Wad Medani
 

Senior Soil Conservation
 
Soil Conservation 
Khartoum
 

Senior Soil Survey Specialist
 
Soil Survey Administration
 
Wad Medani
 

Head of Soil Analysis Section
 
Soil Survey Administration
 
Wad Medani
 

Soil Scientist and Lecturer
 
Faculty of Agricultural Sciences
 
University of Gezira
 
Wad Medani
 

Soil Physicist
 
Soil Survey Administration 
Wad Medani 

Soil. Survey Specialist 
Head of Gedaref 
Soil Survey Regional Substation
 

445
 



Babiker Suleiman Babiker 
 Soil Survey Specialist
 
Soil Survey Administration
 
P. 0. Box 388
 
Wad Medani
 

Faroug Mohmed Hissein 
 Soil Survey Administration
 

Cedaref Regional Station
 
P. 0. Box 388
 
Wad Medani
 

Fayza Mohamed Hamid Soil Survey Administration 

P. 0. Box 388 
Wad Medani
 

Cumma Sayed Gumma 
 Senior Researcher
 

National Research Council
 
Khartoum 

Hashim Ali Dawoud 
 Senior Soil Survey Specialist
 
Soil Survey Administration 
P. 0. Box 388
 
Wad Medani 

Hassan Mohamadi Director 
Soil Conservation Administration 
Khartoum 

Hassan h. Fadul Senior Soil Specialist 
Soil Survey Administration 
Wad Medani 

lassan Hag Abdalla 
 Director
 

Soil Survey Administration
 
P. 0. Box 388
 
Wad Medani 

ttusam El Din El 	 Sayed Soil Survey Specialist 

Head Kadugli Soil Survey 
Regional Substation 

P. 0. Box 388
 
Wad Medani 

Hussien Mohmed A. Abu Zied 	 Soil Survey 
Kadugli Soil Survey Regional Substation 
P. 0. Box 134 
Kadugl i 

Ilassan M. Ishag National Coordinator for Groundnut 
ARC 
Wad Medani 
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Ibrahim Ahmea Babiker 


Ibrahim Mohmoud Buraymah 


Khalid Ahmed Khalil 


M. M. Musa 


Mustufa Ali M. Idris 


Muawia El Bedawi Hamad 


Marya Ahemed El Hassan 


Mohamed A. Ali 


Mohamed El Hassan A/Karim 

Mohamed Rahama M. Ahmed 


National Coordinator (Soil Research)
 
ARC
 
Wad Medani
 

Senior Soil Survey Specialist
 
Soil Survey Administration
 
P. 0. Box 388
 
Wad Medani
 

Senior Technical Inspector
 
Soil Survey Administration
 
Wad Medani
 

Arab Organization for Agricultural
 
Development
 

P. 0. Box 474
 
Khartoum 

Land Economist
 
Land Evaluation Section
 
Soil Survey Admiiistration
 
P. 0. Box 388 
Wad Medani 

Senior Lecturer and Head Department
 
Abu Haraz
 
College of Agriculture and Natural
 

Resources
 
P. 0. Box 42
 
Wad Medani 

Soil Survey Administration
 
P. 0. Box 388 
Wad edani 

Director
 
Ministry of Agriculture and Natural
 

Resources
 
Eastern Region 
Box 264
 
Kassala
 

Head Soil Classification and 
Correlation Specialist
 

Soil Survey Administration
 
P. 0. Box 388
 
Wad Medani 

Soil Survey Administration
 
P. 0. Box 388
 
Wad Medani
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Mubark Ahd. Moh. Salih 


Mohamed Osman Mohmed 


Mohmedud Ahmed Mohinoud 

Mohamed Osman Bellia 


Mukhtar Ahmed Mustafa 


Mohamed Bakait Saeed 


Dr. M.G. A. Razig 

Mohamed El Nur Ahmed 

Marya Hassan 

Mohmed Osman M. Salih 

Molimamed Osman El Karouri 

Nasim Beries Yaqoub 

National Council for Research
 
P. 0. Box 2404
 
Khartoum
 

Deputy Director for Agricultural
 
Development
 

Khartoum
 

Senior Agronomist
 
MRC, P.C.
 
Khartoum
 

Asst. Chemist
 
Soil Survey AdministraLun
 
P. O. Box 388
 
Wad Medani
 

Head
 
Soil Science Section racul-v of
 
Agriculture
 

University of Khartoum
 
Khartoum
 

Director
 
Agricultural Research Corporation
 
Wad Medani 

Soil Survey Administration 
Wad Medani 

Soil Survey Administration 
P. 0. Box 388 
Wad Medani 

Soil Survey Administration 
P. 0. Box 388
 
Wad Medmin 

Deputy Director 
Arab Agricultural Organization 
Khartoum 

Agric. Consultant and AAAID 
Khartoum 

Soil Survey Specialist 
Soil Survey Administration 
1'. 0. Box 388 
Wad Medant 
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Osman Abdel Rahman 


Osman Abdel Rahim 


Osman A. Fadl 


Siddig Magzoub Hassanen 


Wade Yanni Magar 


Zein El Abdeen El Sharif 


Yousif El Fhorashi 


Yousif Mehsmed Yousif 

Abdel Rahian Abdalla Ahmed 

Omar Khodary Eissa 

Abdel Moniem El Obeid 

Soil Survey Administration
 
P. 0. Box 388
 
Wad Medani
 

Soil Scientist
 
National Research Council
 
Khartoum
 

University of Gezira
 
P. O. Box 20
 
Wad Medani 

Assistant Director for Administration
 
Soil Survey Administration
 
P. 0. Box 388
 
Wad Medani
 

Director
 
Agricultural Research Council
 
National Council for Research
 
P. 0. Box 2404
 
Khartoum
 

Senior Cartographer
 
Soil Survey Administration
 
P. 0. Box 388
 
Wad Medani
 

Senior Lecturer
 
Faculty of Agriculture
 
University of Khartoum
 
Khartoum 

Senior Soil Chemist
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