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Foreword
 

Vertisols are among the most productive soils in the semi-arid trop-cs. Improved production systems
developed on these soils have given reliable high yields for decades under rainfed conditions in some areas; in
others, Vertisols remain under traditional systems of land use that are relatively unproductive. Additional 
improved systems are being refined and developed. 

The diversity of current use of Vertisols provides an excellent opportunity for the development of a useful 
network to facilitate research and exchange of information among scientists working to improve the utiliia
tion of these soils. 

The workshop reported in this volume preceded the formal establishment of IBSRAM's headquarters in 
Bangkok, and it was hosted by ICRISAT on IBSRAM's behalf during 18-22 February 1985 at ICRISAT 
Center. In some ways, the meeting provided the basis on which IBSRAM established itself. We are pleased
that the support received at this meeting has resulted in the formation of a Vertisois network in Africa. The 
first regional workshop of the network was held at Nairobi in December 1986 and a Network Coordinator 
appointed in May 1987. 

We hope the information presented in this volume will serve both as a valuable reference and as a continuing 
stimulus for efforts to improve food production in the semi-arid tropics. 

L.D. Swindale 
Director General, ICRISAT 
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Introductory Session
 



Welcome Address 

L.D. Swindalel 

Let me extend to all of you a hearty welcome to ICRISAT. The Institute is not new to many of you, I kiiow,
and to those of you who have been here before, we say "welcome back."
 

ICRISAT is pleased 
 to be associated with this inaugural workshop of tie International Board for Soil
Research and Management (IBSRAM). Our Institute was involved in the initiatives that led to the formation 
of IBSRAM, and we are greatly interested in its activitieF. We hope that activities such as this workshop will 
lead to an effective research network among the national and international programs represented here. As DrBentiey will tell you later on, is to assist inIBSRAM's major goal and objctive developing countries 
strengthening soils research and making it more effective. From this workshop, we hope to develop a network 
of activities t;-"t canIBSRAM help guide and for which it can find financing.

Several orgamr/a ions have been responsible for developing the workshop to this stage. As one of the 
sponsors, ICR ISAT is providing the venue of the workshop, support for the workshop arrangements and 
operations, and substantial funds from its regular budget to bring in participants and to publish the 
proceedings.

The other main sponsor is the Soil Management Support Services (S MSS), and I would like to recognize at 
this time )r Ilari -s%%aran, who has done much to ,ring about this workshop. SMSS----ajoint activity of the 
I.S. I)eprtment of Agriculture (USI)A) and the U.S. Agency for International Development (USAID)-
currenllv as;.ists in activities related to soil survey, soil classification, and soil interpretation for soil manage
ment and soil development. 

'jSAI I) isalso acosponsor and has provided substantial funds and support for this workshop. So, too, have 
the Australian Centre for International Agricultural Research (ACIAR) and the Australian Development
As, istance Bureau (Al )AII). [he Iaternational )evelopment Research Centre (IDRC), of Canada, and the 
Office de fa Recherche Scicntifiquc ctTechnique Outre-Mer (ORSTOM, subsequently renamed Institut
Irancais de "echerche Scicntifique pour lcI)eveloppement en Cooperation), of France,are also cosponsors. 
We thank them all for their contributions. 

Though this is not the time for a vote of thanks, I would also like to acknowledge the hard work ofthe local 
arrangements committee, led by l)r.lohn I3urford. The Committee has worked diligent,:,and well tocomplete
the necessary operational arrangemtents. Ihis has not been casy, because they have been getting advice from all 
tilesponsors and the advice has not alwvys been consistent. I would like to thank them on your behalf, and I 
hope that they will be pleased to see that, in the end, this has been an effective workshop in which a lot ofpeople
worked together to dcvelop an effective research network for the future. 

We here in ICR ISA are very interes ted in tilepotential vatlue of this workshop. We are interested in your
k.owing about our technology and what %ethink it can do, so that you can consider it and decide what you
wish to do with it. We would like to be associated with a wider program of research on Vertisols in the 
developing world, so that we can learn more itndl add to our program of research those new conceptsand ideas 
that others have developed. fo a large extent, our work has been focused on1the Vertisols of Central Itdia,
because it is natural thtt our work tends to be focused oit what isclosest to us. Iut we are in international 
organi/ation, and it is our responsibility to serse client countries throughout the semi-arid tropics. We would 
like this workshop to dclop a rtctwork in which wc can participate, so that we might add this very important 
extra dimension to our %%ork in developing improved soil management for Vertisols. 
Now I would like to invite l)r I-rcd B3entley, Chairman of the Board of'IJISRAM, to speak about the 

purpose ofl the workshop. l)r I3entley, a ('anadian citien, has had t. very distinguished career in soil science. 
fie was Dean of the College of Agriculture, University of Alberta, from 1959 to 1968 and, from 1974 to 1978, 

t. Iirectir icncral. t(RISA I. P'adanchcri. AT 502 324. India 

3 



President of the International Society of Soil Science. Equally important, at least to many of us here, he was 
the first Chairman of ICRISAT's Governing Board and he served in that position for 10 long years. Long, 
because they were the years of ICRISAT's formation, of setting its original orientation and getting the 
Institute moving. You will see in the course of the next few days the excellent facililies now available for 
ICRISAT's work. A great deal of this is attributable to the vision of the first Chairman of our Board, Dr 
Bentley. We are deeply grateful for all that he has done. We very happily welcome him back to ICR ISAT, and 
we hope that he will be able to contribute in the same way to IBSRAM as he has to ICRISAT. 



Introduction to IBSRAM and Purpose of the Workshop
 

C.F. Bentley' 

Abstract 

IBSRA M (InternationalBoard for Soil Research and Management)is a new internationalagency. 
establishedto assistandspeed the flo w ofexistingandnewly developed kno wledge ofsoilscienceand 
soil management within developingcountries for applicationsthat will increasefood production. 
Thus, IBSRA M will flacilitateuses ofsoilscienceso thatdevelopingcountriesmay wisely select, use, 
manage, andprotectlands for productionof fotd and other agriculturalor agroforestrycrops. 

IBSRA M will not conduct research but, through soil managementnetworks, will a ist national 
programsto increasethe amount and qualityof soil-relatedresearchon the specialproblemsof the 
variousnetworks to be established. 

RWsuin 

Introduction de I'IBSRANI et but de I'atelier: Le Conscil internationalde rechercheet degestion 
pbdologique(IBSR A M) cst une nou relic agence internationale,crvibe ai d'iideret d'acc16ret le 
lot de connaissantesacquises dans le domaine de la science et de hi gestion des sols A / 'nt~rieurdes 
pays en voie de diveloppcmcnt. L 'IBSRA A faciliteraainsiles applicationsde ]a science des sols et 
permettraAces pa" dechoisir d' tiliser,de gcreret deprotcerles terresde l/'onjudicieusepourli 
productionalientaireet I iautres culti, res agricolesou agroforsti&!res. 

L 7BSRA M n ntreprendrapas de rechercheparellh-meme. inaisparl'intermtdiairedes r seaux 
de gestiondes sols, el/c assisterales programmesnationauxd accroitre l quantit6et la qualit&de ]a 
recherche pdologiquere!:tive aux problmesparticuliersdes diflcrents r~seauxA &tablir. 

Why IBSRAM? 

During the last two or three decades, world food 
production has increased at a rate roughly matching 
the unprecedented rate of increase in world popula-
tion. However, across regions and countries, the 
situation has been rather uneven. Food production 
increases exceeded the rates of population increase 
in most industrialized countries. Some populous 
countries Cina, Inidia, Indonesia, the Philippines, 
and Thailand, to narne a ftw have recorded gratify-
ing increases in per capita food production, and so 
have various other dCveloping countries. he major 

increases in food production in developing countries 
have resulted primarily from such activities as (1) use 
of improved, high-yielding varieties; (2) develop
ment of new lands for food production; (3) expan
sion of irrigation; (4) intensification of cropping; 
and, in some areas, (5) increased use of fertilizers. 

Unfortunatcly, in many developing countries the 
rate of food-production increase has not kept pace 
with population increase. A recent FAOstudv(Har
rison 1984) reports that in 1975, at least 54 countries 
( -45(' of the 117 countries in the stud) could not 
iaye produced enugh food for their people even if 
all land suitable for any' type of arablc agriculture 

I. 	 Chairman, Board of Irustecr,. Iite national tIoard for Soil Research and Managemint (IISRAM ) 13103 60,th Avente, -dmonion. 
Alberta 'I It IYO. Canada. 

ICRISA I (Intiter nat iona I Crops Research Institute for the Seni-Arid Tropics). 1989. Management of Veriisols for improved agricultural
production: proceedings of an IISRAM Inaugural Workshop, 18-22 February 1985, ICRISAT Center, India. Palancheru. A.T. 502 324, 
India: ICRISAT. 
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had been in food production under low-;nput ("tra-
diional") agriculture. FAO reports that by the year 
2000 there will be 65 countries (> 54%) unable to 
produce enough food to satisfy their own needs, 
even if they use all their agriculturally suited land 
and apply traditional farming methods. M any of 
those countries do not have prospects, currently or 
in 	the near future, of exprts that could earn the 
foreign exchange needed to pay for food imports. 
Moreover, opportunities for economically viable 
development of new lands by traditional methods, 
or for more intensive cropping by the usual method 
of shifting cultivation, are becoming very scarce--
and give rather small increases in food production in 
relation to the human toil or the costly investments 
put into them. For new irrigation developments, the 
potentials for affordable and satisfying increases in 
food production by such traditional methods are 
now rather few, and prospects aregenerally unfavor-
able for meeting increasing needs for food in those 
ways. 

How then ire future needs for int reases it) food 
production to be met in developing countries with 
rapidly increasing populations especially in those 
that already have genuine food problems.' 

Basic and applied research by industrialized couri-
tries, by national agricultural research programs in 
sonic developing countries, and by the 13 Intern,-
tional Agricultural Research Centers (IARCs) have 
made -- and are making very important contribu-
tions to new, improved methods of agricuultoral pro-
duction. They have assisted world food production 
by developing higher-yielding crop strains, encou-
raging new methods of soil and crop mamagement, 
finding or breeding crop resistance or other effective 
controls for some diseases and pests. arnd so on. 

As itresult, there are now high expectiltions, espe-
cially for the IARCs, to solve food-prod uction prob-
lems. However, several limitations prevent the 
IARCs from easily solving these problems. A major 
limitation is that individual developing countries 
need improved technological packages ofagriculhu-
ral practices suited to their iridividual conditions. 
Other limitations include the following: 
* 	 Each IARC has specific responsibilities and is 

not authorized to undertake nev activities with-
out approval to do so, and without funding for 
them. 

* 	 For several years funds for the International Cen-
ters have been less than the amounts requested by 
them, and as a group they are near a "no-growth" 
situation. 

0 	 The IARCs are unable to undertake activities in 
all the individual countries that might desire 
assistance and cooperation from the Centers. 

0 	 The primary focus of most of the Centers is on 
crops or animals: CIMMYTr--primarily wheat, 
maize, beans: IR RI-- rice; ICR ISAT-- sorghtum, 
millet, pigeonpea, chickpea, and groundnut; and 
so on. 

* 	 Moreover, most of the research by the IARCs is 
done at a limited ntmber of locations--with spe
cific soils and agrocliniatic conditions. Soils and 
other conditions in many countries differ from 
those where the Centers work. 

During recent years there has been a growing 
awareness that, increasingly, soil problems and soil
related constraints hamper or prevent increases in 
food production in many places. For example, 
returns from investments in land-clearing projects 
aind irrigation development have sometimes been 
very disappointing because of soil-related problems. 
The grondnritit scheme that failed in eastern Africa 
is in illustration. So, too, was a recent wheat
production project in southern Africa, where soils 
and climate appeared to be favorable for that crop-
and it took seseral years to prove that the utterly 
unsatisfactory yields were due to sensitivity of wheat 
to toxic aimounts of aluminum. 

l the late 197(s, it was recognized that there was 
an increasing need to foctus on the potential contri
bution of soil science to sustainable increases of food 
production in mainy parts of the tropics. As a result, 
a,"soil constraints meeting" was held at IRRI in the 
spring of 1979, under the joint sponsorship of the 
International Rice Research Institute (IRRI) and 
the New York State College of Agriculture and Life 
Sciences. Cornell University, in cooperation with 
tile Universit, Consortium of Soils for the Tropics 
(see IR RI 1980). 

After tie soil-constraints meeting, an ad hoc inter
national committee was establishea and charged 
with the responsibility for finding ways and means to 
create an institution that would concentrate on the 
major soil constraints that limit increases in produc
tivity. This institution was to develop practical, sus
tairiable mechanisms and technologies to reduce 
such soil constraints, so that the genetic potentials of 
agricultural crops may be more full' used in the 
interest of mankind- especially in developing 
countries. 

Four years vere required for the ad hoc 
committee - -assisted by modest funding from Amer
ican, Australiain, Canadian, and German sources-
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led to the launching of IBSRAM (International 
Board for Soil Research and Management) at 
Townsville, Australia, in September 1983 (ACIAR 
1984). 

What IBSRAM Will Do 

IBSRAM is a unique type oi international develop
ment agency, established to encourage and assist 
national agricultural research institutions in devel-
oping countries to test, adapt, validate, and, above 
all, apply ol the lands of farms existing and emerg-
ing knowledge about soil science and soil manage-
ment that have important potentials for increasing 
food production. [le I1SRAIM focus is on applied 
testing and adaptive research that will contribute to 
profitable, sustainable increases in food production, 
thereby benefiting both farmers and consuniers. 
IBSRAM does not intend to support or assist basic 
or academic research, nor will I1IRANI employ its 
own staff to do research, 

In summary, 113SRAM was established to acceler-
ate and facilitate practical applications of scill 
science in developing countries in order that they 
might wisely select, use, manage, and protect lands 
for production of food and other agricultural or 
agroforestry crops. 

Encourage Cooperafion and Coordination 

11SIRAM will operate by cooperating with other 
institutions and will coordinate the results of%arious 
activities to assist arnd expedite the use by farmers of 
new technologies that will improve the profitability 
of their farming and put it oni a sustainable basis. 
To that end IBSRAM will: 
* Cooperate with IARCs wherever possible. 

" 
 Through its networks, pronlote intercountry and 

interagency exchanges of knowledg.- and new 
research results, 

* 	 Seek cooperation from, and participation by, 
institutions in developed countries. 

* 	 Keep in close contact with the Consultative 
Group on International Agricultural Research 
(CGIAR)- and, indeed, IBISRANI hopes to 
become a member of that Group. 

Work through National Programs 

The primary objective of IBSRAM is to provide 

undertake adaptive research, technology transfer, 
and practical validation of existing and emerging 
results of soil research and management investiga
tions, which are deemed to have important potential 
to increase sustainable food production in develop

g 

Organize Soil Management Networks 

lo achieve its goals. I1SIZAM will work with 
national organizations in developing countries to 
form Soil Management Networks (SMNs) focused 
on 	 a variety of specific soil-related problem:;. For 
example, it is expected that this workshop will lead 
to the formatikm of a Vertisol SMN. 

After such networks are formed, ISRAM will 
seek lunding ior, and provide technical advice and 
guidance to. SM Ns whose specific proposals to con
duct adaptive research and practical training pro
grams have obtained IISRAM endorsement. [hus, 
I13SRAM will encouragc and assist coordinated, 
interdisciplinary activities to deelop, test under 
practical conditions, atnd promote on-fartn applica
tions of improved technologies for agricutltural land 
identification, land use, crop production, Soil man
agement. and soil conservation. To achieve such 
goals, II3SRAM Will support practical training, in a 
limited way. for the prolessional and technical per
sonnel needed to execute such activities. The comnpi
lation and disseimination of data from 
IBSANI -supported and other rela ted iivestiga
tions and fron world sources will beanother helpful 
activity. 

Seek Reduction of Soil Constraints 

113SRANI activities are intended to find practical 
ways and means to reduce some of the soil and 
soil-nianagement constraints, which so extensively 
limit attainment of the food-production potential of 
improved crop varieties developed by plant 
scientists. 

Form Linkages in Soils Research 

IBSRAM is intended to be a bridge between four 
major and sonetimes rather separated types of soils 
vork: 
* 	 basic soil research, 
0 	 soil management research (usually on a particu

lar soil), 
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" soil survey and classification, and 

" soil conservation, 

with a view to their coordination and use to increase 

food production. IBSRAM will also be an interdis- 

ciplinary bridge between soil scientists, agronomists, 

and plant scientists. 


Plan of Operation for IBSRAM 

IBSRAM will establish a headquarters in Bangkok, 
Thailand, with an Interin Director funded by 
ORSTOM (Office de la Recherche Scientifique ct 
Technique Outre-Mer, subsequently renatmed Insti
tut Francais de Recherche Scientifiquc pour Ic 
Developpemlnt en Cooperation). There will be a 
small professional and support staff. lhe initial pro-
fessional officers are foreseen as: 
* 	 a Director (who will he a member of the Board of 

Trustees). 
* 	 an Operations Officer. 
* 	 a Training Officer, and 
* 	 an Infornation Officer. 

The IBIRANI stall will encourage aind assist the 
formation of SM Ns operated by Working Groups, 
most of %\hose members will he leaders of national 
programs of soil and agrononlic research ind extell-
sion. Networks \ ill he concerned with specific proh
lens or acti%ities, such its soil and crop management 
for a particular and important type of soil (Vertisols 
are an example). or wvith the selection, clearing, and 
development of forestCd Ialreas for lood production. 

Specialists frot IARCS. other agencies. indus-
trialited couttries. anid II(SRAM stalf %ill assist 
and encourage the itatio:il progranis participating 
in a particular S M N to deselop a progratm (or pro-
grams) designed to test. adapt. salidate. and then 
promote faier use of ne\\. inproscd technitologi, s 
for food productl i which redlce or oyerctollle, 

under practical farin contditions, some of' the soil 
constraints to higher yields, 

Funding 

IltSRANI 'ill seek three types of funding front 
donors: 
* 	 Core futding for tite operation of the small IBS-

RAM staff and hleadquarters. 
" 	 Special project funding to citable ilte establish-

ment of indi\idual Soil Management Networks 
and the holding of periodic workshops and con-
ferences needed to assist and encourage the 

exchange of relevant knowledge and ideas within 
the individual networks. 

* 	 Bilateral funding to strengthen National Cells 
(defined in the next paper) in countries partici
pating in the various networks. 

IBSRAM's role will be to help identify research 
activities with important potentials for payoffs, to 
assist with development of well-conceived plans for 
efficient execution of needed investigations, and to 
solicit funding for the resulting, carefully considered 
programs of action. 

Other Types of Support 

Donors or developing countries may post scientists 
or other types of personnel to 1l1SR AM offices, or to 
a network, or to a National Cell as contributions in 
support of' IllSRAM activities. Similarly, supplies, 
equipment, or other types of in-kind assistance may 
be pi'ovided to help the acti ities of IBS RAM or of 
the various Soil Management Networks. 

Additionally, some supportive research may be 
performed in some donor coo tryor couontries -- and 
SO too mnay some short-term, applied training. 

Philosophy of the Agency 

IISRAM does not have aspirations to become a 
large organi/ation. The number of employees and 
the si/e of the headquarters will he strictly 
controlled. 

I hrough the network concept on which it is based, 
ithe Irustecs of IB.SIRAM confidently foresee the 
agency its assisting with the building of national 
research capabilities and thtus ntaking a significant 
contribution to itcrelased food production in devel
lping cottntries. In addition. IBSRAM hopes to 
proillote tIte conservition of land resources and 
maintenance of the productisity (f agricultural 
lands b\ encoulraging the practical application of 
existing and emerging soil and agronomic knowl
edge by farmers. 

Principles for Network Success 

flow are net w(orks fornted? How do they work? 
Plcknett and Smith ( 1984) have listed seven princi
pies that are basic tt the sticcessful fornation ind 
operation otf international agricultural research net
works. Because those principles are so important to 



what we hope will result from this workshop, let me 
list them and relate them to our discussions this 
week. 
I. 	The problem should be clearly defined and a 

realistic research plan must be prepared. 
* 	 The probleir this workshop is concerned with is 

"Management ofVertisols for Improved Agricul-
tural Production." 

" 	 At the conclusion of this workshop it is hoped a 
working group will be established to refine the 
proposals for research to be conducted by the 
various "National Cells." 

2. 	The problem shoud be one shared by the 
participants. 

* 	 Most countries represented at this workshop 
wish to learn how to increase the productivity of 
their Vertisols. 

3. 	The participants must have a strong self-interest, 
* 	 That is why your governments have authorized 

your attendance at this workshop. 

4. 	 Participating countries must be able and willing 
to commit resources such as scientists, teclini-
cians, research facilities (including experimental 
fields, equipment, laboratories, and so forth), 
and operating budget funds in order to conduct 
the testing and applied research program which 
each counry undertakes to do through its 
National Cell in tl.e netssork. 

* 	 Countries unable to provide personnel and the 
other resources needed to do network research 
cannot become National Cells in the network. 
However, such countries will be eligible to receive 
IBSRAM newsletters and other publications 
providing information about the network and the 
results being obtained by the program of field 
experiments and on-farm tests, 

5. 	Outside funding is important to the establish-
ment and the first few years of operation of a 
network, 

* 	 Funds for this workshup have been provided 
primarily by Soil Management Support Services 
(SMSS USDAiAll)) and by ICRISAT. In 
addition, IIBSRAM has had ';ome input. 
T[he network we hope to establish will require 
donor iupport for three purposes: 
• 	 To meet some of the needs of individual 

National Cells, so they can do the research 

planned, and do it effectively. 
0 	 For meetings of the network Working Group 

to review research re:ults over a period of 
years at the various National Cells. 

* 	 For the core budget of IBSRAM to enable 
employment of a coordinator for the network, 
to maintain the information services and 
othcr IBSRAM activities, and to provide spe
cialist assistance to the network by IBSRAM 
staff. 

6. 	 Pai'icipating National Cells must have scientists 
on the National Cell staff with the time, the per
sonal interest, the scientific training, and the 
expertise gained from experience, which, in corn
bination, are essential to the successful execution 
of the applied research being undertaken. 

* 	 Expatriates from donor countries and IBSRAM 
staff members or brief training programs can 
update knowledge of the personnel engaged in 
the network research program. 

0 	 However, neither the network nor IBSRAM can 
engage in the long-term task of basic education 
and training for agricultural research and field 
experimentation. 

'7. 	Networks must be assisted, at least initially, by 
visits from strong, efficient outside personnel 
who are able to guide and support the National 
Cells in the execution of their programs of field 
experimentation and on-farm testing. 
Th,t assistance is to be provided by the network 
coordinator, by IBSRAM staff members, and, ir 
some cases, by specialists from IARCs or donor 
countries. 

In conclusion, it isappropriate to emphasize that 
there are understandable limitations on what 
donors, IARCs, and agencies such as IBSRAM can 
do for individual national agricultural research and 
extension programs. However, participation in a 
network can be of great benefit to national pro
grams. It is hoped that this workshop will result in 
the establishment of a Vertiszi Sct Management 
Network, which will make important contributions 
to improved agricultural production as well as to the 
building of the capabilities and confidence of the 
participating scientists and institutions. Finally, it is 
expected that the results and spin-offs from the Ver
tisol SMN will be very helpful to countries unable to 
join the network at the outset. 
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The Concept of a Vertisol Soil Management Network 

C.F. Bentley' 

Abstract 

This workshop has been organized by IBSRA M, ICRISA T, and the Soil Management Support
Services(SMSS) ofthe UnitedStates to establisha VertisolSoil Management Network (SMN1 The 
purposesofsuch a network will be to assistand speedapplicationsofsoil science knowledge in the 
management of Vertisols to increaseagriculturalproductionfrom those extensive soils. 

IBSRAM is so new that as Yet it does not have a directoror other professionalemployees. In 
addition,thisis the first IBSRAM Mfort to organizea Soil ManagementNetwork, andtherefore this 
workshop is a new experience. Rather than attempt a detailed description of the Vertisol SMN 
proposal,thispaperpresents one concept ofhow an SANproposalmight evolve and the practical 
considerationsessential to its success. 

Rsum 

Le concept d'un ri'seaui de gestion des Vertisols : Ce colloque a t6 organis6 par l'IBSRAM, 
I'ICR ISA Tet les Services de soutien de la gestion des sols (SMSS) des Etats-Unis afin d 6tablirun 
riseaude gestion des Vertisols (SMN). Le but d'n tel ribseau consistera ;'aideret h acc6lbrerles 
applicationsdela connai.ssancede Iascience des sols dins iagestion des Vertisols atind'augmenterla 
production agricolede ces vastes 6tendues (Iesols. 
L 'IBSRAM est tellement r&'ent /u 'iln'apasencore de directeurou dl-mplo.visprofessionnels.En 

plus. ilsagit du premierc/fort de /'IBSRAM d'organiserun R'seau de gestion des sols, et par 
consequent ce colloqe est tine nouvellc esprience.Au lieu de tenter d faire une description 
dbtaillede la propositiond'un riseau Vertiso/ (SMN), cet articleprcsentetitconcept quie.,plique 
comment tine propositionSAIN pourraitse dcveloppcr et les considcbrationsprtiquesessentielles 
potirson succes. 

Introduction 	 Possible Sequence of Events 

IBSRAM is a new organization, and it will be some 1. Ifa Vertisol SMN isto be formed, it will probably
months before the Interim Director will take up his begin with two, three, or fourcountries as partici
duties. Because this is the first IBSRAM workshop pants in the network. Each initial country, or 
intended to result in the formation of an SM N. it is "National Cell"' inthe network, will need to have 
unclear exactly how the establishment of a Vertisol 
SM N will proceed. We hope and expect that things At theend 	 ntagreed tousethe termtlthe %ork hop. part iiipa 
will proceed somewhat isfollows, however. 'Net ssorkc.operator" rat he (hall *'National Cell." 

I. 	 Chairman, Board of Trustees., International Board for Sod Research and Management (I11SRAM), 13103 66th Avenue, Edmonton, 
Alberta t611 I Y6,Canada. 

ICR ISAT (International Crops Research Institute for the Semi-Arid Tropics). 1989. Management of Vertisols for improved agricultural
production: proceedings of an IIV;RAM Inaugural Workshop, 18-22 February 1985, ICRISAT Center, India. Patancheru, A.P. 502 324, 
India: ICRISAT. 
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a research station or some other government 
agency, which is already involved in some way in 
applied research on the use and management of 
Vertisols. The reseaich station or agency selected 
to represent a country will, therefore, have some 
facilities and staff already engaged in Vertisol 
work. 

An official from the prospective National Cells 
is 	 representing the country at this Vertisol 
workshop. 

2. 	 During this workshop, representatives of some 
prospective National Cells will briefly present a 
draft proposal outlining what investigations for 
improving the use and management of Vertisols 
the countries would like to conduct, 

3. 	The wcrkshop program indicates that: 
A. 	Each tentatively identified National Cell will 

make a presentation of about 20 minutes, des-
cribing what that Cell wishes and plans to do to 
improve the use, management, and, above all, the 
actual crop yields and production from Vertisols. 

B. A few highly qualified experts will describe 
and/or illustrate techniques, methods, results, 
principles, and so forth, related to improved use, 
conservation, and management of Vertisols. 

C. 	A field trip will enable participants to see land at 
ICRISAT Center and at a village 35 km from 
Patancheru, where substantial increases in pro-
duction are being obtained by improved Vertisol 
management. This management enables produc-
tion of two crops a year where only a single crop 
has been traditionally grown. 

D. After items A, 13,and ('have been completed and 
participants have discussed them in working 
groups, a decision will be taken on the question: 
Are some countries interested in, and authorized 
to participate in, the formation of a Vertisol Soil 
Management Network? 

E. 	 If the answer in D isyes, a Network Coordinating 
Committee (NCC) will be formed with about five 
to eight persons, providing adequate representa-
tion to prospective National cells, international 
specialists, and donors, and supported by an IBS-
RAM representative, 

4. 	 The proposal developed by the NCC will be taken 
to the respective countries by the representatives 
of the National Cells. In each country where there 
is to be a National Cell, the specific rlan and 
proposal for that country will be resised and 
developed in detail. An important pirt of that 
activity will be to prepare a detailed li:.t, with cost 
estimates, of the requests being made for assist-

ance to execute the proposal. 
A. 	When the proposal of each National Cell has 

been officially approved by the government con
cerned, it will be forwarded to IBSRAM. 

B. IBSRAM will review the proposals received from 
the National Cells in the network. If necessary, 
some changes or some integration of requests 
may be made. For example, three separate 
requests ofa generally similar nature for training 
programs might be combined into a single 
request for such training to serve the three 
countries. 

After IBSRAM has approved the proposals 
and requests described, funding will be sought, 
perhaps by both IBSRAM and some of the indi
vidual National Cells. Some donors may prefer 
to provide funds to IBSRAM but may specify 
which activities are to be supported in which 
countrv(ies). Other donors may want to provide 
support to selected National Cells on a bilateral 
basis; sometimes donors may' choose to support 
only specific activities of a particular National 
Cell and on a bilateral basis. 

C. 	If donor funding enables the research activities to 
proceed according to the requests of the individ
ual National Cells, then matters will proceed on 
that basis. If, after several months of seeking 
donor support, there are shortfalls in funding for 
the requests made, the NCC may have to meet 
and work out some adjustments. 

If the requests made are realistic and modest, 
prospects for adequate funding are considered 
good. 

5. Once the network is established and funded: 
A. 	 IBSRAM will somehow provide or arrange for a 

coordinator or coordination to assist the individ
ual National Cells during the initial 1-3 years. 

B. Provided the necessary funding is available, 
arrangements will be worked out for the NCC to 
make field visits to one National Cell per year on 
a rotational basis to view work in progress and to 
review and evaluate the results. 

Such reviews and field visit' may lead to 
adjustments or changes in plans for the work to 
be done during the next year or two. 

C. 	If a National Cell fails to perform the work it has 
undertaken to d,,its participation in the network 
and any further support for its activities will be 
discontinued unless there are exceptional circum
stances to explain the failure. 

6. 	 When the network has been established and is 
successfully operational, additional National 
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Cells wishing tojoin the network will have oppor-
tunities to do so. 

In addition, network newsletters and other 
IBSRAM publications will be available to inter-
ested countries wishing to receive such informa-
tion, even if they are not able tojoin the network, 

7. 	There are several advantages for developing 
countries accepting the invitation to participate 
in the IBSRAM Vertisol Soil Management Net-
work. They include: 

" 	 The opportunity to send a participant to this 
workshop, with all expenses met by the work-
shop funds. 

" Receipt of information about Vertisols, their 
extent and variability, as well as observing how 
improved Vertisols management may increase 
productivity under certain conditions, 

* 	 A chance to seek membership in the network 
likely to be formed and thereby to be included in: 

- IBSRAM requests todonors for funds tosupport 
applied research and on-farm investigations by
National Cells: 

- IBSRAM information services, providing the 
newest technical information about ways, means, 
costs, and results of various methods of Vertisol 
use and management: 

- from year to year, field visits to view the investi-
gations and experimentation on Vertisols by
other National Cells in the network: 

- the annual review and evaluation of results from 
the various National Cells in the network; 

- regular visits to each National Cell by IBISRAM 

officers who will provide information, advice, 

and encouragement; and 


- training courses or visits byexpatriate specialists, 
which IBSRAM may be able to organize. 

National Cell Preferences 

Several donors have been insistent that networks are 
not to be directed by IBSRAM, by IARCs, or by 
other agencies. Donors insist that the countries inak-
ing up a network, the National Cells, must make thl; 
major decisions about what the network research 
programs are to be, what is to be done, anJ how it is 
to be done by the individual National Cells. 

That principle was applied at the meeting of the 
Organizing Committee for the workshop, held at 
ICRISAT last September. Before that meeting, one 
prevalent view was the Vertisol SMN would test the 

ICRISAT double-cropping technology and varia
tions of it in other locationq As you will hear and see 
while you are here, the technology being used isvery 
successful in this semi-arid region. However, repre
sentatives of two potential National Cells attending 
the meeting last September had different interests. 

It was pointed out that Vertisols occur in various 
climatic regimes. In semi-arid areas, such as here at 
ICRISAT, the basic problems are moisture conser
vation and the cultivation of Vertisols when they are 
too dry or too wet. In VenezVela, the main problem 
in using Vertisols is drainage--the removal ofexcess 
water so crops can be planted and so they can grow. 
In the Sudan, there are extensive areas of Vertisols 
where it is so arid that irrigation isessential if crops 
are to be produced, so the problems of using such 
soils are different. As a result, the concept that 
evolved at th Organizing Committee meeting in 
September was that there should be a representative 
National Cell in each of those agroclimatic regions: 
(1)in semi-arid areas, (21 in a subhumid region
where the main problem is drainage, and (3) where 
there are problems associated with irrigation of Ver
tisols in an arid climate. 

Since then, national preferences have been illus
trated again. In the Sudan, the largest area of Vertis
ols is in a semi-arid region that has a potential for 
agricultural production many times that of the irri
gated areas. Therefore, because development and 
improvement of agricultural production in the 
rainfed semi-arid Vertisols of the Sudan is the 
national priority, if there is to be a National Cell
 
there, it should work in accordvnce with that
 
priority.
 

Practical Results Needed to Attract
 
Support
 

IBSRAM is still just an idea. So far donor support
has been very modest because it has not been demon
strated that our new agency can in fact help increase 
food production in developing countries. Donors 
are very anxious to see definite, unquestionable 
results fron the funds they provide. 

It ths becomes important that I1SRAM net
works be concerned with applied research and test
ir, that have a realistic potential to bring about 
increases in food production within a few years. 
Without significant results of that kind, donor sup
port will probably stop. 
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For that reason, IBSRAM does not intend to 
support basic or academic research in its networks at 
this time. It might be very interesting to do research 
on the minerology of Vertisols in a particular region: 
20 years from now such knowledge might be useful, 
but it might also be of no practical use even after this 
tine. IBSRAM intends to encourage and assist app-
lied research that has the potential to increase food 
production-and within the next 5 years, if possible. 

Thus, there is a strong preference for projects by 
National Cells that include experiments and tests at 
off-station locations and also on the fields of ordi-
nary farmers. Research or experimertal station 
locations often have soils that are rather different 
from important areas being u:ed by farmers. In 
addition, farmers tend to be reluctant to accept 
results from experimental stations, whereas they 
may readily accept the same results when they are 
obtained on the land of ordinary farmers. Many 
donors are, therefore, willing to support on-farm 
applied research and testing, where tile problems 
and conditions are closer to those encountered by 
farmers. 

Initial Successes: Keys to the Future 

I hope this workshop will lead to tile formation of a 
Vertisol SMN of a very practical nature, which will 
contribute so much to improved agricultural pro-
duction that donors will be delighted. Such a result 
will attract increased donor support for your future 
work. It will also enable IBSRAM to grow and 
expand its efforts to increase food production 
through wise applications of soil science. 

I hope you will find tile workshop informative and 
practical. I also solicit your best efforts to develop a 
proposal for a Vertisol Soil Management Network 
which will: 

" Be very attractive to your governments, thereby 


winning their approval and financial support. 
" Appeal to donors who will, as a result, want to 

support your proposals. 
* 	 Offer improved use and management that lead to 

sustainable and substantial increases in agricul
tural production with profitability for farmers 
working on Vertisols in developing countries, 

My best wishes for success. 

Discussion 

Swindale: What is the timetable you suggest for 
development and implementation of the Vertisol 
Soil Management Network? 

Bentley: After the proposal, I expect it will take I 
year to get donor support. The National Coordinat
ing Committee should meet within a month after this 
workshop; the Board meeting is in August to 
October. By the end of 1985 the final proposal could 
be 	 ready. 

Stewart: What is the tnkingofIBSRAM regarding 
the number of networks that are being planned? 

Bentley: The IBSRAM Board considered four net
works: wetlands, Vertisols, acid tropical soils, and 
land clearing. The wetlands are already covered 
somewhat by IRRI (International Rice Research 
Institute), and workshops are being planned for later 
this year for the tile acid tropical soils and land 
clearing network proposals. 

Cooper: ( I) Will there be any overlap between objec
tives and members of IBSRAM and other network
ing systems which exist (such as IBSNAT, RAIN)? 
(2) Is there a need to coordinate networking systems 
to avoid any potential overlap and thus potential 
confusion, which could harm the outcome of the 
network? 

Bentley: (I) Yes, IISRAM is aware of this possibil
ity and will attempt to avoid any overlap. This can 
probably be done through USAID, which support 
networking. (2) Maybe a "network of networks" is 
needed. 

Eswaran: Point 6 of Plucknett's list (of 7 points for 
successful networks) requires in-house capabilities 
to become a full participant of the network. Some 
countries may not have the capabilities, and yet they 
are the mos! needy for assistance. What will be 
IBSRAM's policy regarding this? 

Bentley: We will ha%e to begin with those which do; 
to begin with, the agency will have to have some 
resources to commit. 

Blokhuis: Dr Bentley, you mentioned that IBSRAM 
would assist applied research in the network coun
tries, that it would be expected to give direct and 
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measurable results in, say, 5 years. But if more fun
damental research is neglected, we may be left with 
some basic problems; such problems should be 
resolved, even if this would take, say, 10 years. 
Should there be such adiscrepancy between applied 
and basic research? 

Bentley: I have stressed the practical, applied results 
in the early years of IBSRAM because we hope this 
would get support funding for the future. It may be 
that some of the basic problems would be tackled in 
laboratories of developed countries who already 
have suitable resources and facilities. Our long-term 
basic goal is to help develop, improve, and expand 
the capability for planning and extension of research 
in developing countries. 
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Approaches to the Management of Vertisols in the Semi-

Arid Tropics: The ICRISAT Experience 

S. M. Virmanil, M. R. Ran 2, and K. L. Srivastava3 

Abstract 

Vertisols arepotentiallyproductiYe soils within the dry tropics. When deep, these soilshavea high 
waterstorage capacity, which allows 6-7months ofcroppingin Indiaifthe rainfallexceeds 750mm. 
However, becauseof theirhigh claycontentandrelatedphysicalproperties,theypresenta challenge 
in theirmanagementfor increasedcropproduction. The smallfarmers oflimitedmeans in the Indian 
semi-aridtropicsgenerallyprefer to raise only one crop in a year (duringthe postrainyseason) on 
these soils even in areaswith high and assuredrainfall. 

ICRISA T has now assembled a technology for improved management of Vertisols. It involves 
growing two crops, one in the rainyseason and anotherin the postrainvseason. Application of the 
technologyhasresultedinconsiderableimprovement in erosioncontrolandmoistureconservation, 

-higherrainfall-useefficiency, andannualyields ofabout 3000 kg ha of cerealand 1000 1-g ha-' of 
legume grains for the last 9 years at ICRISA T experimental watersheds. 

The technology has been evaluatedin on-farm tests in a few agroclimatesof the Indiansemi-arid 
tropics with moderatebut dependablerainfall.Grossprofits from the improved technology were2 to 
5 times higher than those from the traditionaltechnology, which involved onl' postrainv-season 
cropping. The improvedtechnology requiredadditionalexpenses rangingfrom Rs 590 to 1480 ha-' 
(US S I z Rs 12approximately),but itgavea marginalrateof returnaveraging230(%. The testsalso 
showed that the technology can be adapted to local conditions by suitablemodification of one or 
more of'the componentsinvolved. The transferofthis technology to other Vertisols in agroclimates 
similar to that of ICRISA T Center is relative/ straightforward,but transfer to those in other 
agroclimatesrequiresfurther testing. Establishmentofa coordinatedprogramfor multilocational 
testing would help rapid exchange of information on experiences with the performance of the 
technology in variousenvironments. 

Risum6 

Une approche pour la gestion des VertisolF dans les tropiques semi-arides-I'expirience de 
I'ICRISAT : Les Vertisols sont potentiellement un des ordres de sol les plus productifs dans les 
zones tropicalesarides. Lorsqu ils sont profonds, ces sols ont unegrandecapacitbde retentiond'eau 
quipermet6-7mois de cultureen lndesi la pluviometried6passe 750 mm. Cependant,,icausedeleur 
forte teneuren argileet despropritsphysiquesreli6es, ilsposent un sbrieuxprobkme.Les paysans 
disposantde faibles moyens dans les tropiquessemi-aridesde Inde prbf'rent normalement de ne 

1. 	 Principal Agroclimatologist, 2, Agronomist, and 3. Agricultural Engineer, Resource Management Program, ICRISAT. Patancheru, 
Andhra Pradesh 502 324, India. 

ICRISAT Conference Paper no. ('P 369. 

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1989. Management of Vertisols for improved agricultural 
production: proceedings of an IIISRAM Inaugural Workshop, 18-22 February 1985, ICRISAT Center, India. Patancheru, A.P. 502324, 
India: ICRISAT. 
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produire qu'une seule culture sur ces sols apri's la saison des pluies menme dans les r6gions A 
pluviom6trieNlev6e ei stre. 

L 'ICRISATa O1abor une technologiepour unegestion an6lior6e des vertisols. Cela implique la 
culture de deux rcoltes, une pendant la saison des pluies et lIutreaprs.La tnisei I preuve de la 
technologic aabouti iun hon contrA/e de /Irosion, i uine mcilleurc preservationde 17mmidit6, eta 
une efficacit6 accruede I'utilisationdes precipitations comparce aux s'Vstemes de culturetradition
nels. Dans /es bassins versants experirnentaux de /('IRISA 7, cette technologie a produit des 
rendements de 3000 kg ha 'de cerleset /000 kg ha-Ideilgutnineuses par an pendantles 9 dernikres 
annes. 

Cette technologie a etc c ali'c en tnilu ril dans certaines regions tropicales semi-arids de 
I'nde.o6 lsprcipitations sont ruoder~es naisstire.s. L es /n1nicices britsde h technologie am6/iorie
furent deuxA cinq fois plus rlevcs que ccu." dc/a technolocie traditionnelle quiconsisteAi necultiver 
qu 'ipr.s /a saison des pluies. La technologie atncliorce nicssitait des Irais suppklnentaires qui 
s chelonnaiententre Rs 590 et 14SO ha-' (IS S / z Rs 12 environ), nais donnait un taux marginal 
moven de rendernent de 230Qf. (Cs tests oit 'gal/ement montr que la technologie peut ctre adaptc 
aux conditions locales en adaptant n 'inporte laquellet/es composantes itnpliquvs.Le transfert de 
cette technologie ;i diutre.s Vertisols dans t/es conditions agroclirnath/uessetnblables ;Aceles du 
Centre ICRISA Test relativetnent /A'Wile. mais la transposition Ades agroclirnatsdifkirents ricssite 
des essais approfondis. L 'ta blissenent d'un priigranitne coordonn pour des essais inultiocaux 
permettrait un echange rapide de / 'inl/rmationsur les rtsultats de la technologie dans divers milieux 
agroclimatiques. 

Introduction 

The major areas of Vertisols and associated soils are 
located in Australia (70.5 million ha), India (70 mil
lion ha), Sudan (40 million hai), ('hid (16.3 million 
ha), and Ethiopia (10 million hal. Ihese ie coun
tries contain o0cr 80"/ of the total area (251 million 
ha) of Vertisols in the %orld (I)udal 19t5). In India. 
substantial Vertisol aicas occr itn \Maharashtra, 
Madhya Pradesh, (iujarat, Andhra Pradesh. Kar-
nataka, and Ilamil Nadu ( Mutthv 1981). Mot of 
these receise 501 to 130( un of arnnual rainfall, 
concentrated in a short neriod of 3 to 3.5 ralns 
months interspersed with dro ghts (Crop yields if 
this area are low and vary from sear t) sear. 

ah1 (ff Vertisol han igenen research:lin our 
cver the past 1(0sears has been to e aluate the tradi-
tional practices in terms of productiity ;in( soil and 
water losses, and then to dh'velop and test 
approaches for improsmg producrisitv through 
greater rainwater utili/ation and nrinimiing land 
degradation. I his paper discu:,ses soniajor con-e 
strainrts that limit productivit\ of Vertisols in the 
Indian semi-arid tropics and presents approaches 
and our experiences in \'ertisol management. We 
believe that several of these methods and their 
underlying principles will find relesance for 

improved management of Vertisols located in other 
parts of the tropical world. 

Attributes of Vertisols 

Vertisols in India are heavy soils, I heir texture may 
be clay. clay loam, o silty clay loam. with the clay 
content generall. ranging ton 40l to60!' or more. 
I he hae high bulk denrsit. %khendry (clod density 
1.5 1.8 g c... )[ high cation exchalnige capacity 

(47 65 cmol kg soil 1): and pl salues usually above 
7.5. Iropical Vertisols are low it organic matterand 
available plant nutrients. particularly nitrogen, 
phosphorus, and inc. Ihe dominant clay mineral is 
,inectite. 

lecausc of their high cla\ content and related 
physical properties, these soils have a high moisture 
storage capacity. A\,-ragc field capacity of the 185
cn Vertisol prolileat ICRI';Al (enter isabout810 
lnt, and the hisser limit of plant asailable water is 
59) nm (R ussell 19801). I htus, this typical deep Ver
tisil profile isable to hold about 220 tim if available 
%%aler. (Ihe losser nit is the observed minimum 
water content in the profile, as measured in the field 
under aI well-managed, deep-rooted, long-season 
crop; the field capacity (upper limit) represents the 
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amount of water retained by an uncropped Vertisol Traditional Management of Vertisols 
profile after drainage stops.) Based on the estimates 
of week-to-week changes in available moisture in 
relation to rainfall and potential evaporative 
demands, Krantz et al (1978) determined that the 
growing season on a deep Vertisol ranged from 21 to 
33 weeks (147-231 days) in different years. 

Vertisols are very hard when dry and very plastic, 
sticky, and not trafficable when wet. Their optimum 
soil moisture range for tillage is very narrow, 
Because of this, draft-power needs for land prepara-
tion a:e extremely high during the dry season, 
Farmers await the onset of ierainy season: but the 
early rains in many parts of India have a tendency to 
persist, and thus farmers cannot prepare their land 
or plant their crops in time because of poor 
trafficability. 

Vertisols have a low terminal infiltration rate 
(about 0.2 mm hr-I). During the rainy season, water 
may pond if drainage is inadequate and then crops 
suffer from waterlogging. Soil erosion is another 
serious problem in Vertisols, particularly in situa-
tions where soil cover is sparse and where concen
trated flow of water occurs through unprotected 
channels. 

in India
 

The management practices being used on deep Ver
tisols in India have been described and discussed by 
several authors (Michacls 1982, Ryan et al. 1982, 
Kanwar et al. 1982). In traditional management, 
deep Vertisols are usually fallowed during the rainy 
season and cropped only in the postrainy seison on 
stored soil moisture. Frequent cultivation by a blade 
harrow (Fig. I) is done during the fallow period, 
primarily to control weeds. Improved cultivars and 
chemical fertilizers are generally not used. Annual 
yields from farmer's fields on Vertisols in selected 
villages of peninsular India have been reported 
(Kanwar et al. 1982) to be quite low. Yields of some 
typical crops are: 

Sorghum 500-900 kg ha-' 
Wheat 300- 700 kg ha-' 
Chickpea 200-500 kg ha-' 
Safflower 300-500 kg ha-' 
Chillies, dry 200-700 kg ha-' 

The consequences of rainy-season fallowing in 
areas with dependable and high rainfall are serious 

Figure 1. In traditional farming, repeated cultivation with ablade harrow (bakhar) keeps the fallow land free 
of weeds in the rainy season. 
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Table i. Runoff and soil loss from Vertisol watershed tnder improved and traditional management, ICRISAT Center. 

Management system 

Improved' Traditional 2 
Seasonal 


rainfall Runoff Soil loss Runoff Soil loss 
Year (mm) (mm) t ha-' (ram) tha-' 

1976/77 688 73 0.80 238 9.20 
1977/78 586 I 0.04 53 1.68 
1978/79 1125 273 3.40 410 9.70
 
1979/80 690 73 0.70 202 
 9.47 
1980/81 730 116 0.90 166 4.58 
1981/82 1126 
 332 5.00 435 11.01 
1982/83 615 10 0.20 20 0.70 
1983/84 956 154 0.80 289 4.70 

Mean 814 130 1.48 227 6.38 

I. Improved system: t)ouble-cropping with improved (broadbed-avd-furrowk) land management system
2. Traditional system: Iraditional flat system. with a single ere..in the postrainy season 1*ollowing rainy-season t"attlow. 

in terms of both low yields and high soil and water Components of the Improved 
losses (Table I ). Water-balance studies of traditional 
Vertisol management systems at ICRISAT Center Technology 
indicated that of the total rainfall, 24('i was lost as Land and Water Management 
runoff and 46% was lost as evaporation and deep 
percolation, thus leaving only 30V, of rainfall for use Improved land ",nd water management practice,; for 
in crop production (Table 2). alleviating the physical constraints of Vertisols 

In the following section, we discuss the conpo- should promote intake of water, improve aeration 
nents for improved resource utilization and produc- and workability, reduce erosion and runoff, and 
tivity of Vertisols. facilitate safe disposal of excess water. To imple-

Table 2. Comparison of estimated water balance in Vertisol watersheds under improved and traditional management 
systems at ICRISAT Center over eight years (1976-83). 

Management system 

Improved I -raditionaI2 

Amoutnt (7 of Amnunt % of 
Water-balance component (amm) rainfall (rmni) rainfall 

-
 -
Water used by the crops (evapotranspiration) 607 67 271 30 
Water lost as surface runoff 130 13 227 24 
Water lost a. hare soil evaporation and 180 21) 416 46 

deep percolation 

1.Improved system: I)ouble-croppitg vt imtprovsed (hroadbed-and-lurros laidmanagement system.
2. 1raditional system: Iraditional flat managettent system, swith a single crop in the postramy season follosing rainy-season faltow. 
3. Rainfall-w.e efficiency. 
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ment the improvements in drainage and runoff u:ili-
zation, the topographical features of the land and 
the natural drainage pattern need to be taken into 
account. In our studies at ICRISAT Center, micro-
watersheds (3-15 ha) were taken as units for land 
and water management, and for agronomic practi-
ces. Because surface water in a watershed drains to a 
single outlet, we believe that the watershed is better 
suited than other land units for planning and instal-
ling efficient water conservation and reuse systems. 
Land smoothing and construction of surface drains 
are the first steps for improving surface drainage. In 
order to achieve gieater efficiency, smoothing 
should be done in the direction ofcultivation. Often, 
it is possible to improve the natural drains by clearly 
delineating, shaping, and straightening them. 
Animal-drawn implements and human labor were 
found to be adequate for executing land smoothing 
(Fig. 2) and surface drain construction at a reasona-
ble cost in India (Kampen 1982). 

Land Configuration 

At ICRISAT Center, a bioadbed-and-furrow(BBF) 

.: . 

Axt, 

Figure 2. Land smoothing by a bullock-drawn scraper. 

system-involving graded wide beds separated by 
furrows, which drain into grassed waterways-has 
been found to improve surface drainage and worka
bility of the Vertisols. I he flat bed and the furrow 
portions are 100 and 50 cm wide, respectively. A 
schematic sketch of the layout for a BBF system in a 
self-contained watershed is shown in Figure 3. The 
runoff water may be either drained out of the 
watershed or collected and stored in tanks within the 
watershed for later use as supplemental irrigation. 
The Jecision about runoff-storage tanks and their 
design should be based on runoff characteristics, 
seepage and evaporation losses, and response of 
crops to supplemental irrigation (Harikrishna 1982). 

On the Vertisols at ICRISAT Center, the draft 
power requirements for cultivation operations were 
lower by about 30 in the 1BF system than in the 
flat. Lower penetration resistance on beds (Fig. 4) 
facilitated land preparation during thedry season, as 
well as placement of fertilizer and seeds in drysoil at 
the desired depth (8 10 cm). Furthermore, air-filled 
porosity in the upper 15 cm layer was found to be 
significantly higher for HBF than for the flat system 
during wet spells (Fig. 5). Use of BBF increased 
profits by 30% compared with flat cultivation of a 

... 


..
 ,..z- t
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'50 c -4 100 crn-- clods gradually disintegrate due to premonsoon 
I rains and fluctuations in diurnal temperatures. If

blade harrowing is done soon after such rains, the 

1--- 150 cm---	 clods easily shatter and a satisfactory seedbed is 
(a ) 	 attained. 

Broadbed-and-furrow direction Dry Sowing Ahead of Rainy Season 

Grassed drains
 
At ICRISAT Center, crops are planted in tie dry

[1 eva ted in] et 	 soil just ahead of the monsoon rains to ensure early 

establishment and avoid the difficulty of planting in 
the wet, stick' soil. But success of dry sowing is 

Size of area: 20 ha dependent on both fairly dependable rainfall in the 
beginning of the rainy s,.ason, and deeper placement 
of seeds. Good stands can be established by dry 
seeding of crops such as nolng, sunflower, maize, 
sorghum, and pigeonpea. Results were not satisfac

' - -- ' ---	 tory, however, for pearl millet, soybean, and 
groundnut. 

Improved Cropping Systems 

I nproved cropping systems itre a key com ponent of 
the improved technology because they contribute 
sunstantially to increased crop yields and higher 

. \,--. returns. Sy'stems that pro%ide crop growth from the
TANK -	 season \sellbeginning of the rain' into the postrainv
• season, while 	soil moisture is available, are most 

.4- suitable for situations ,here annual rainfall is mod-
S'- eratelv favorable ( 750 1m. and dependable). 

S - \t I. A I , the intercroppin, of a short-and a 
' long-season crop such a'spigeonpca or sequen

(b) 	 tial cropping of t\%o short-season crops has been 
Figure 3. (a)A section of the broadled-and-furrois found most suitable. A number of crops can be fitted 
configuration; (b) scheniutic sketch ,f %,alershed- into these two basic s*ystcms: pigeonpea, for exani
based land and Aater management s.stern, Aiith pie, can be intercropped %%ithmai/c, sorghuul, soy
broadhed-and-furrow layout and runoff storage bean, co\pea, sesame, and sunflower. In the 
tanks (After Krantz etal. 1981). sequential system, mai/e, sorghum. or soybean can 

be followed h\ \wheat, chickpea, safflower, or 
postra iny-season sorghtol. 

maiie pigconpea intercrop, and by 201.1 fora maize- Ihe produoction potential ofi number ofcropping 
chickpea sequential system (Ryan and Sarin 1981 ). systems options, as examined in small-scale experi

ments at ICRISAI ('enter. has been discussed by 
\Villey et al. ( 1989). [hC discussion in this paper is 

I)ry-Season Tillage limited to our experiences on operational-scale 
watersheds. 

At ICRISAT Center, primary tillage operations to 
loosen the soil and prepare a rough soil surface are 
carried out just after harvest of' postrainy-season Fertility Management 
crops in February or March. This leads to a cloddy 
soil surface. I)uring the period from March to May., Vertisols are generally deficient in nutrients. Fertili
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zation is needed because the improved cropping sys- The three important components of the improved 
tems, covering the rainy and postrainy seasons, have technology---improved genotype, improved man
greater nutrient demands than the traditional single- agement of both land and crop, and use of 
season cropping system, particularly when crops in fertiiizer--were examined individually and in com
both seasons are non-legumes (e.g., maize- bination on amaizei pigeonpea intercrop. Improve
safflower); the potential benefits of improved crop- ment in genotype or land and crop management 
ping systems and management are not realized fully resulted in only small improvements in yield. Apply
without adequate fertilizer input. ing fertilizer alone doubled the cereal yield, even 

Crop zone Loose soil
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Figure 4. Penetration resistance zones (expressed in kg cmn--) under [)roadbed-and-furrow and flat systems on 
Vertisols at I(R ISA] (enter. Gravimetric moisture contents were 24 ±I.9% for 0-15 cm soil depth, 31 ±2.4% 
for 15-30 cmr, and 33± 2.9% for 31-60 cii. (Source: Sriasta~a et al. 1983). 
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Figure 5. Air-filled porosity of Vertisols at high 
moisture content, under broadbed-and-furrow and 
flat land-management systems at ICRISAT Center, 
late August-early September, 1980 (Source: Srivas
tava elal. 1983). 

though other components were not improved. But 
the effect of fertilizer was much more striking in 
combination with improved genotype or improved 
management, where the yields increased by twofold 
to threefold. When all the three factors were com-
bined, the yields increased by more than fourfold 
(ICRISAT 1980). These results highlight the impor-
tance of fertilizer application and the synergistic 
effects than can occur among various inputs when 
they are used in combination, 

Responses to N fertilization were much higher 
than with any other nutrient, and in a given year, 
response in the rainy season was greater than in the 
pestrainy-season. Seasonal differences in rainfall 
and its distribution influenced the nitrogen 
responses (Burford et al. 1989). Other studies have 
confirmed that the cereals in intercrops respond to 
fertilizer N as in sole crops. Response,; to P are also 
widespread especially in the case of cereals, and 15 to 
20 kg P ha-1 can be recommended as acomponent of 
the improved production technology on Vertisols 
(EI-Swaify et al. 1985). K fertilir.ation is not required 
for rainfed Vertisols in India. Zn deficiency, seldom 
noticed under traditional systems, soon develops 
under continued intensive cropping with high-

yielding genotypes; it needs to be corrected for sus
tained crop yields. 

Equipment 

For the successful implementation of the watershed-
Vertisol management system, an animal

drawn wheeled tool carrier has been adopted at 
ICRISAT to carry out such operations as seedbed 
preparation, sowing, fertilization, and weeding. This 
equipment helps improve the efficiency of bullocks, 

most abundant locally available power source 
(Bansal and Srivastava 1981 ). Our recent e.perience 
in Central India has shown that the 13BF system 
could also be successfully laid out by using tractor
drawn implements. The central aim of inrodu.ing 

sonic level of mechanization isto adequately preJare 
the land in time. 

Pest Management 

Weed Control 

Weeds have not been a serious problem in the tradi
tional low-production systems of Vertisol manage
ment because farmers are able to control them by 
repeated cultivation of the land during the fallow 
period. But in the double-cropping systems, espe
cially with rainy-season crops planted by the dry
seeding technique, increased weed infestation is 
observed, which, if not managed properly, may lead 
to serious losses in crop yields. Since dry seeding 
precludes mechanical control of weeds that emerge 
with early showers, weeds also establish well along 
with crops. The restriction of cultivation to the bed 
area in the BBF system further increases weed 
infestation. 

Three different weed management systems (hand 
weeding, herbicide, and smother-crop systems, in 
which extra-early-maturing, low-canopy legumes 
were introduced into main crops to suppress weeds) 
and a weedy check were compared with a weed-free 
system on an operational scale at ICRISAT Center 
(Table 3). Returns were 62% less in the weedy check 
than in the weed-free system. The herbicide and 
smother-crop systems with cowpea achieved 93% 
and 88% of the potential returns, respectively. Bins
wanger and Shetty (1977) have discussed the use of 
herbicides vis-A-vis hand labor for weeding: in situa
tions where manual or mechanical weed control is 
difficult because of wet soil conditions, the use of 
herbicides appears desirable. 
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Table 3. Effect of weed management systems on yields and gross profits in a maize-chickpea sequential system in Vertisols 
over 2 years (1979/80 and 1980/81) at ICRISAT Center. 

Grain yields Returns minus 

Weed management system 

(kg ha-1 ) 

Maize C ,ickpea 

Gross 
returns 

(Rs ha-') 

Cost of 
weed control 

(Rs ha-') 

cost of weed 
control 

(Rs ha  1) 

Hand weeding 2830 

(2 in rainy season + I
 
in postrainy season)
 

Herbicide system 3390 

(Atrazine to maize and I weeding each
 
in rainy and postrainy seasons)
 

Smother-crop systems:
 
(Smother crop + I weeding each in rainy
 
and post-rainy seasons)
 
(a) Smother crop of 2390 

mungbean 
(b)Smother crop of 2750 

cowpea 

Weed free 
 3660 

(3 weedings in rainy season + 2 
in postrainy season) 

Weedy Lheck 1340 

SE 
 ±198 


I. Yields of smother crops. 

Insect Control 

Our cropping entomology unit experimented with 
Controlled Droplet Applicator (CDA) units, 
mounted on the animal-drawn wheeled tool carrier, 
Each unit covers 1.5 in, and three such units were 
mounted on a machine having high ground clear-
ance to avoid damage to pigeonpea. This required 
only one laborer and covered I ha in about an hour; 
thus the labor cost was only Rs 1.25 ha-' (Pawar 
1985). Another advantage with the CDA is that the 
quantity of water required for preparing the spray 
mix is very small NS-10 L water, compared to 
500-600 L with the irmal high-volume sprayers). 
For the most important insect pest on pigeonpea, 
thelioihis, spraying is recommended when infesta-
tion exceeds an average of 100 eggsand/or3- 5small 
larvae (3-5 mm long) per plant. 

Evaluation of Alternative Technolo-
gies at ICRISAT Center 

Two main types of cropping systems were successful 

550 4870 430 4440
 

610 5630 550 5080
 

560 5050 410 4640
 
(220)' 
560 5250 410 4840
 
(200)'
 
690 6180 700 5480
 

190 2000 - 2000 

±42 

on experimental watersheds at ICRISAT Center: (i) 
the sequential system, with two crops grown, one 
during the rainy season (e.g., maize) and the other 
during the postrainy-season (e.g., chickpea); and (ii) 
the intercropping system, in which two crops are 
sown simultaneously at the beginning of the rainy 
season; one of them matures at the end of the rainy 
season (e:g., maize), and the other during the pos
train)' season (e.g., pigeonpea). Comparisons have 
been made between these two improved cropping 
systems and the traditional system of rainy-season 
fallow. The crops in the improved systems were 
grown on BBF using improved cultivars, and amod
crate level of fertilizers (60 kg N and 13 kg P ha-'). 
All field operations were carried out with the 
animal-drawn wheeled tool carrier. The yields of 
these systems over an 8-year period are given in 
Table 4. 

Yields from the improved systems were substan
tial; averaged over 8years, they were 3230 kg ha of-' 
maize and 1170 kg ha-' ofchickpea in the-.equ,.ntialsystem, and 2710 kg h-'of maize and 1120 kg ha-' 
of pigeonpea in the intercrop. Both these systems 

substantially outyielded the traditional system
where only a single postrainy-season crop of chick
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Table 4. Grain yields of improved (double cropping) and traditional (postrainy-season) cropping systems io. operational
scale watersheds at ICRISAT Center over eight years, 1976/77 to 1983/84. 

Rainfall Improved systems Traditional system
during Maize/,'chickpea Maize pigeonpea Single crop,

cropping sequential intercrop postrainy season 
period 

Year (mm) Maize Chickpea Maize Pligeonpca Chickpea Sorghum 

. .-
--------................
----------- .... (kg la l) ------------------------------------------...
 
1976/77 708 3120 650 3290 780 540 440 
1977/78 616 3.140 1130 2,10 1320 870 380 
1978/79 1089 2!50 1340 2140 1170 530 560
 
1979/80 715 3030 590 1950 890 450 500
 
1980/81 751 4190 790 2920 970 600 560
 
1981/82 1073 3450 1320 2840 1070 1050 640
 
1982/83 667 3420 1380 2970 1030 
 1240 630
 
1983/84 1045 3020 2120 2780 1740 480 
 840
 

Mean 833' 3230 1170 2710 
 1120 720 570
 

CV (%) 25 18 43 16 27 
 41 25
 

Mean rainlall user 70 yearst. (1901-1970) is760 nun. with a ('V ot 24r;. 

pea or sorghum was grown without the benefit of 

broad bed-and-furrows, improved seeds, or 
fertilizer--ind yielded less than 750 kg ha-I , on aver-
age. The variability in crop yields, as measured by 
the coefficient of variation, was much lower in the 
improved systems than in the traditional system. 
Between the two improved systems, the better per-
formance of the intercrop is noteworthy. Cereals' 
yield in the intercrop was only slightly lower than in 
the sequential system: pulse yields were similar, but 
they were less variable in intercropping than in the 
sequential system, 

Maize is the preferred cereal in the improved sys-
tems because its cultivation poses fewer problems 
than cultivation of sorghum: it does not tiller; it does 
not suffer from shoot fly attack; it does not get 
head-mold infestation, which can be a problem on 
sorghum sown early so its to permit planting of a 
second crop. Unlike sorghum, maize does not 
ratoon and hinder planting of postrainy-season 
crops; furthe., maize tops can be removed or 
'doubled over' after physiological maturity to nin-
imize competition to pigeonpea in intercropping. 

Monetary returns frot these improved 
watershed-based technological options, compared 
with the traditional systent, were evaluated by Ryan 
and Sarin (1981). Gross profits from the improved 
maize/ pigeonpea intercrop averaged Rs 3650 
ha-la- I over a 5-year period (1976 to 1981), com-

pared to Rs 490 hia-a
 - from the traditional system.
 
Though the improved system required an additional 
investment of Rs 1140 ha-', it earned an additional 
profit oflRs3160 ha-I,givinga most attractive rate of 
return (277)%. The sequential system, however, 
incurred higher costs from additional expenses for 
planting the second crop, giving a 155% rate of 
return. The intcrcropping system is attractive for 
other reasons as well: (I) it avoids planting the 
second crop in October when demand for labor isat 
a peak, and (2) it obviates the risk of the crop not 
getting established when the rains cease early and the 
surface soil becomes dry. 

On-Farm Verification 

Testing at Different Locations 

To test the performance of the improved technology, 
on-farm tests were initiated in 1981 in Taddanpally 
village, 42 km northwest of ICRISAT Cent~r(Ryan 
etal. 1982). The soils there are deep Vertisols (> I m 
deep), and asubstantial area is fallowed in the rainy 
season. The initial test was conducted on a small 
watershed of 15.4 ha, involving 14 farmers, in collab
oration with the Andhra Pradesh State )epartment 
of Agriculture, Andhra Pradesh Agricultural Uni
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versity, and the All India Coordinated Research 
Project for Dryland Agriculture. The experiment 
was meant to assess the biological and economic 
performance of the system. Subsidies or inputs to 
farmers were kept to a minimum. Farmers were 
encouraged to use the existing institutions for credit 
and input supplies. However, as a step toward win-
ning the confidence of the farmers, an assurance was 
given that they would be compensated forany losses 
from the application of the improved technology. 

ICRISAT provided two wheeled tool carriers, 
with accessories, and power sprayers. Advice for 
laying out drainage channels to service the entire 
watershed, for survey of the watershed, and on pest 
and insect controi, was given. Scientific and techni-
cal guidance were provided and scientists visited 
frequently. All inputs- -such as fertilizers, seeds, pes-
ticides, fuel, labor, bullocks were provided by the 
cooperating farmers, either by themselves or 
through purchase on credit. 

In February 1981. the area was surveyed and the 
watershed laid out without disturbing property 
lines. Then the farmers carried out land smoothing 
and made drainageways, using their own anima!s. 
Farmers quickly acquainted themselves with the 
wheeled tool carrier equipment. Although they had 
relatively small bullocks, and the soil\was hard 
because harvest of crops had been delayed, the 
farmers were able to establish the broadbeds re:son-
ably well. The total cost for developing the 
watershed was modest (Rs 254 ha i). 

ICRISAT staff and other research agencies sug-
gesled what crops would be best, but farmers were 
allowed to make their own choices. As a result, nine 
cropping systems were tried. The rainy-season crops 
were plante.-d in tie dry soil ahead of the rains. The 
plant stand was good. In terms of crop production, 
as can be expected, some problems different from 
those encountered at ICRISAT Center did arise. 
These were: Sirigaweed on improved maize and the 
sorghum hybrids; inability of the farmers to cope 
with tile harvest, threshing, and storage of the 
unconventional rainy-season crops (partly aggra-
vated by tie unusually wet conditions that year); and 
ineffective control measures against pod borer on 
the postrainy-season crops. Despitc these problems. 
however, tile improved technology performed 
remarkably well (Fig. 6). The a\erage profit from tile 
treated watershed was Rs 3059 hla-1, 88("i more than 
that obtained from the traditional systei dominated 
by rainy-season fallow and postrainy-season 
sorghum. The improved system involved an addi-

tional operational expenditure of Rs 588 ha-' but, 
interestingly, the rate of return on this added expen
diture at 244% was close to that observed (254%) at 
ICRISAT Center. Sorghum/pigeonpea was the 
most profitable cropping system (Rs 3838 ha-'), fol
lowed by the maize-chickpea sequential (Rs 3266 
ha-'). 

Comparison of profits from sorghum/ pigeonpea 
intercropping in the traditional and improved sys
tens demonstrates that an improved cropping sys
tem in itself may be necessary, but it is not the only 
component that contributes to substantially higher 
profitability. Other practices -such as use offertiliz
ers, timely operations, pest management, and soil 
management-are necessary for deriving full bene
fits from the improved cropping systems. 

In 1982, 83 the on-farm test was repeated at Tad
danpally and extended further to other Vertisol 
areas with problems different from those at ICRI-
SAT Center (ICRISAT 1984). At two locations, 
Farhatabad (Karnataka) and Begumgunj (Madhya 
Pradesh), ICRISAT scientists directly supervised 
tile tests, but at other locations they were conducted 
by the respective State Departments of Agriculture 
with advice from ICR ISA"Vas required. Farhatabad 
has an average annual rainfall of 730 mm, and 
Begumgunj 100 im; early-season rains are much 
more assured at Blegumlgunj than at Farhatabad. 
Since some of the crops popular at these two 
ICR ISAl-supervised sites were different from those 
tested at ICRISAT Center, cropping systems trtals 
were conducted on the Government Seed Farms 
near these sites to evaluate locally recommended 
cropping systems and other options (Willey et al. 
1989). The verification tests thus expanded to 22 
locations in 1982 83, covering 1235 ha in four states. 
In these tests in the dependable-rainftll areas, the 
improved technology continued to perform well. 
The marginal rate of return on additional invest
ment ranged froni 26 to 381Kj, averaging about 
240(i (Table 5). )evelopment costs for the 
watershed sites ranged from Rs 182 to Rs 1035 ha-'; 
tile highest cost was in Madhya Pradesh at Begum
gunj where expenses for drain construction were 
high because of higher rainfall and the use of tractors 
instead of bullocks to develop the watershed. 

lie relative profitability of thl,: improved techinol
ogy (weighted over all the watcished cropping sys
tens) was low at Blegumgunj, compared with other 
locations, because of an unusual dry spell in late 
June and early.July, followed by heavy rains leading 
to poor stand and inefficient weed control. Yet the 
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Figure 6. Gross profits from major cropping systems in Taddanpally, 1981/82 (Source: ICRISAT 1983). 

Table 5. Annual profitability (Rs ha') of improved Vertisol management technology, compared to farmer's present 
practices in on-farm verification trials (1982/83) in four Indian villages. 

Village Gross Profits (Rs ha-') Operational cost (Rs ha-) Marginal 
rate of

District. Tradi- )iffer Tradi- Differ return 
State Improved tional -ence Improved tional -ence (%) 
Taddanpally, 3957 1722 2235 1035 448 587 381 
Medak, 
Andhra Pradesh 

Sultanpur, 3576 1722 1854 1062 614448 302
 
Medak. 
Andhra Pradesh 
Farhatabad, 3323 1137
2186 1194 1142 52 -1 
Gulbarga, 
Karnataka 

Begumgunj. 1172 386786 2348 866 1482 26 
Raisen, 
Madhya Pradesh 

Source: ICRISA1 (19841. 
I. I)ifference in operial ont si , s 1too sni l forri ITcani rgful conparison. 
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trial gave encouraging results, with the majority of 
farmers recognizing the potential of the system. 
Moreover, some cropping systems involving soy-
bean, such as soybean/pigeonpea, emerged as the 
most promising (gross profit Rs 3535 ha-1), followed 
by soybean-lentil (Rs 3215 ha-'). The marginal rate 
of return calculated on the basis of these cropping 
systems was 175%'. At Farhatabad, where the aver-
age rainfall is lower than at ICRISAT Center and 
less dependable, sole pigeonpea produced gross 
returns of Rs 4186 ha- ', followed by mungbean-
sorghum with Rs 4059 ha-. These were much better 
than the existing traditional system, a 2-year rota-
tion of fallow-sorghum and pigeonpea, which gave 
only Rs 2186 ha-'. At Taddanpally, where rainfall is 
similar to that at ICRISAT Center, the sorghum pi-
geonpea intercrop produced the highest gross profits 
(Rs 4859 ha-'). 

In 1983 84 the on-farm verification trials were 
continued at Farhatabad and Begumgunj under the 
direct supervision of ICRISAT. At Farhatahad, 
rains started one month later than normally 
expected, resulting in the loss of viability in the 
dry-seeded crops and poor plant stand. IHowever, 
waterlogging cause(] by subsequent continuous rains 
showed the importance of IM11F in draining excess 
water. The cropping system that gave the highest 
gross profits was sesame pigeonpea (iRs 7916 ha-I), 
followed by sole pigeonpea (IRs 5228 ha-1). The 
ground nut pigeonpea intercrop (Rs 3524 hai- ) gave 
higher returns than black grain pigeonpea (IRs 2092 
haI-). At Begumgu nj. the improved technology per-
formed well despite the occurrence oftrust and fusa-
riuin wilt in pigconpea. 

Feedback from On-farm Verification 

The multilocational on-farm testing has provided 
valuable information on the potential benefits of the 
technology for improved management of Vertisols 
and the regions ofits adaptation, ts well as its limita-
tions; the testing has also raised questions that need 
further study. Given below are some of our 
experiences. 

Not all components of the technology made a 
similar impact on farmers. While most farmers have 
realized the benefits of improved cropping systems, 
crop management, and fertilization, the IMF system 
appears to be needed only where waterlogging is a 
problem. Construction or improvement of surface 
drains was found to he important in most situations; 

neglect of this aspect caused ponding of water and 
crop damage (Fig. 7). Our experience shows that 
farmers are willing to construct the field drains 
required for good drainage within their fields, but 
they do not participate readily where drains are 
located outside their fields or involve drainage flows 
of many farmers. Policy guidelines and institutional 
arrangements for constructing community drains 
are required (Ryan and Sarin 1981). 

Farmers have generally recognized the value of 
the wheeled tool carrier for making the broadbed
and-furrows, saving bullock power, and improving 
seed and fertilizer placement, and they were keen to 
use it. But in vie%% of its high cost (Rs 8(00 to 10000 
each), very few are actually prepared to buy it. 

Improved cereal genotypes will not be readily 
accepted by farmers unless they possess adequate 
tolerance to pests and diseases, and have good grain 
quality characteristics. Some of the new sorghum 
varieties (e.g.. CSki 6, CSII 5) mature earlier than 
local sorghums and suffer from grain molds. These 
also showed greater susceptibility to Str,,a. Intro
duction of a new crop in an area should be viewed 
from the standpoint of fodderquality, availabilityof 
post harvest handling facilities, marketing, and pest 
susceptibility. l)espite attractive profits from maize
based sequential systems, farmers in Taddanpally 
did not include it in the 2nd year of testing because, 
according to them. I) cattle do not relish fodder of 
maize as much its thit of sorghum, 2) maize suffered 
from Striga and nutritional disorders, and 3) shel
ling of maize is relative'y costly (Sarin and Walker 
1982). 

Both on-station and on-fa rm work clearly showed 
the potential for using fertilizer in rainfed agricul
ture. Similarly, farmers fully realized the need for 
timely plant protection on pulse crop, Our expe
rience shows that unless fertilizer and pesticides of 
the desired typeare available withina short distance, 
dryland farmers will not use them. Moreover, since 
these inputs are costly, small farmers may not use 
them unless supported by institutional credit 
schemes. 

Need for Agroclimatic Stratification 

Probability analysis of rainfall and characterization 
of soil moisture variability ofan environment help in 
deciding the applicability of new management 
approaches and for predicting further adjustments 
needed. Agi oclimatic analysis in extending Vertisols 
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amount and distribution of rainfall and topographi-
cal features of the land; and an array of cropping 
systems is available, 

ICRISAT's experience in verification and transfer 
of the improved technology has shown that it has the 

potential to be highly productive in areas agrocli-

matically similar to ICRISAT Center. It must be 
recognized, however, that the improved technology 
requires to be fine-tuned for different environments, 
The principles and approaches followed at ICRI-
SAT can be utilized for devising appropriate tech-

nologies for Vertisols in different agroclinlates. 

Multilocational testing of various components arid 
packages would lead to rapid identification of sulta-
ble technologies. Training of field staff and middle-
level administrators has been founLd important for 

extending the technology, which can best be carried 

out by the coordinated elfort of multidisciplinary 

teams involved in the development of technology. 
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Discussion 

Brrnett: You referred to the storm runoff 
impounded in small runoff reservoirs and said it 
might be used for supplemental irrigation, but you 
did not show this application. Is the runoff water 
used to irrigate during stress periods? 

Virmani: Experience showed that there was only a 
small increire in yield with supplemental irrigation 
in most years, and in some years no runoffwater was 
available. Thus the profitability of reservoir devel-
opment is doubtful. 

Dudal: ( I) The new ICR ISAT technology has been 
worked out for deep Vertisols. What isthe depth of 
these 'deep' soils, and what is being measured? (2) 
How is the response of the technology on shallower 
Vertisols? (3) What is the proportion of deep Vertis-
ols in the study area that ICRISAI has covered? 

Virmani: (I) Our experience has shown that the 
technology is applicable to those areas where the 
available vater-holdirig capacity of thesoilisat least 
150 mm, which requires asoil depth of at least 80 cm 
or so. 

Swindale: Vertisols have minimum depths ofS5 cm, 

so we are really talking about a deeper phase than 
minimum. 

liehe hat wate mtd us t rdtib
ute the harvested water, and what was the antici
pated cost if sprinkler irrigation were used'? (2) How 
did the farmers react to this new adopted technol

ogy,and was it hard to convince the farmers to adopt 
this technology? 

Virmani: (I) In terms of the water harvesting, there 
are two issues: (i) if the water is used on the donor 
area, i.e., the area from which the water was harv
ested, the cost is quite high, as one has to use a pump 

to bring it back and apply it. (ii) Ifthe water is used 
below the tank, it is easier and cheaper because 
gravity is used. In the Indian context, the costs 
worked out by I)r J. Ryan were about 25 
Rs cm hectare of ss:ter application. We applied it 
by gated pipes in the furrows. We applied only 2-4 
cm, but laying out the whole system makes the cost 
high. With high-value crops, such as tomatoes, it 

paid off, but not with arabic crops, such as pigeon
pea. (2)The new technology has to be demonstrated 
at the door-steps of the farmers, so that they can be 
convinced over acouple of years. 

Blokhuis: You mentioned an available water
holding capacity of 220 mn in the upper 185-cm of 
the soil profile. If this figure is based on measure
ments in the laboratory, are you sure that all this 
water reached the 185-cm depth'? In other words: is 
this acapacity only, or isthis amount really available 
to the plant roots? 

Virmani: The figure of 220 mm is the plant
extractable water in the 185-cm profile, determined 
from field measurements of' maximum and min
imum water contents of the soil. The maximum 
water content is obtained from an uncropped profile 
following cessation of drainage, after infiltration of 
water in excess of that required to fully recharge it. 
The minimum water content of the profile is 
obtained by measuring the water content of the soil 
profileafter maturity of well-managed, deep-rooted, 
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long-season crops grown in the postrainy season. 
This plant-extractable available water is less than 
that obtained from 15-bar and 1/3 bar moisture 
contents (determined in the laboratory), which 
result in an available water content for the 185-cm 
profile of 300 to 350 mm. 

Swindale: The internal rate of return (IRR) at 
Begumganj was low because some of the farmer
suggested cropping systems were not suited to the 
technology. The ICRISAT-suggested cropping sys
tems gave high IRRs. 
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Vertisols of the Semi-Arid Tropics 

W.A. Blokhuis' 

Abstract 

Vertisols, as classified at the highest categor . in Soil T.'xonony (USDA 1975) and in the French 
Classification System (CPCS 1967). are a remarkablY homogeneous group of soils with a specific
morphology, and with mineralogical, physical 'd chemical properties that vary within a narrow 
range. 

Optinmum environmental conditions for their formation include a seasonall' moist, tropical
climate; restricted internal drainage lack ofrunoffi and aparent material that contains, or*yieldson 
weathering, sufficient Si, ('a. Mg. and other ions that, under alkaline soil conditions, produce a 
smectitic ch. About 70Q ofall Vertisols occur in the seni-arid tropics.

The central concept ofthe order (in Soil la.vonony) is a Typic Usterthelngin to the fine ela v, 
montmnorillonitic,isohlpcrthermnic taunil. he t 'pical norphologv of this soil is astructure proile
that shows surlace nulch. cracks, wedge shaped pods with shiny fices in a nultiple compound
structure, and slickensides. Next to this centralconcept, arid. subhunjid, and sodic variants can he 
conceptuallvdefined. 

The behavior of soil waterhas the greatest clift, on agricultural use of I'ertisols.Such behavior 
depends on climatic and site lactors, infiltration rate, and hydraulic conductivity. Il' phvsicalsoil 
factors ate diflicult to mcasure in the laboratory and in the lield, and ths tnakes estimates ofthe 
available water-holding capacity less reliable. These flctors are also alketed by the nature and 
concentration of the soil solution and t) ' the composition of the exchange complex. The relative 
saturation with Na, compared with that of ('a and Ag, more strongl.' influences shear .strength, 
s weling pressure, plasticity index, and h wlraulic conductivitv. 

Sodic Vertisols those with ai e.\changeable sodium percentage (tSP)above 15 cover only a 
t laitivel' small area in the semi-arid tropics. Identilication ofsodic VCrtisols requires reliable data 
on IlSP and ('TIC ation-exchange capacity). The standard method lor determining CEC (using
atnntlOnium acetate, NII4 OAc, at pH 7)maygive ft-ultv results when free carbonates are present: the 
use of a more recent method developed by Bvghein (1980) using LiITA and LI.BaEDTA is 
suggested. 

Rsum 

Les Vertisols des tropiques semi-arides: Les Vertisols, tels qu 'ilssont classes dans la catbgorie lIa plus
Hlrv'e de la Taxonomie des sols (USDA 1975). ainsi que dans le Svstbme fran'ais de classification 
(CPCS 1967), forment tin groupe de sols remarquablement homogne ayant tine morphologic
spccifique, eta vec des proprits mi iralogiques. phvsiques et chiniques qui varient peu.

Les conditions di milieu optimalpour leur formation comprennent :un climat tropical avcc ine 
humidite saisonni're:tin drainage restreint: tine absence de ruissellement: et tin tnateria i parental 
qui contient, oti qni produit par alt ration, assetde Si. (a, Mg et d'autres ions, quii en conditions 

1. Secor I.ccturer. Department of Soil Science and Geology, Apgicutltural Uniersity. Waeningen, the Nethertands. 

I- ISAI (International Crops Research Institute for the Semi-Arid Itopics). 19H9. Management of Vertisols for inproved agricultural
production: proceedings of an I tSR,AM Inaugural Workshop, 18-22 February 1985. ICRISAT Center, India. Patancheru, A.P. 502 324, 
India: ICRISAT. 
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alcalines. produit tie ,lrgilestectihue. l:nviron 70(7 de tous les Vertisols stetrousent dans Ies 
tropiquessemi-arides. 

Le concept centrtlel'"irdre(danshi J.\onontit dess.ls) cst un I Istert it'pitu(tii IUstert) qili 
appartienti)hi taille/finet'netnt irt'glilelst. n ontntorillnititiueC't motrpholoiscch.*Vprthertiqute. I it 
gice t ';ique tic ce s, est 1111/lclt iaSt'It'tliresqui nilontretdes paillis il.%lae. e issure.'s. des 
untites st u'lletulelr s el e-'inii lt'ces brillantesdanis lite srtilttie COlllhosec tiltutipic ct des f'ltts ti 
glissenlent. :it plus de e t'cncePtCentral.des deitucii't ci t ia:tcs ,lric.s. stilbtthundes et soduqties 
peuvllncilllrecolt'ieS. 

Le Ctfofll)tcn eaii soest de hi plus eritnde influcte aericole destell]nt (le dui.l sor /u'uti/is,'tiot 

V'ertisiOlS. In tel t'IcOtt 1ttetiLts tlc dii milieu,i
liettn/tchtitCii tics elin1ti ci '(elc. c diii tat.id iniltli
litn Ct(IChi Ccnductil itch dratili1 Cue.les tlenetts pht.tsilets di sol sont cidl'ie.s i) mestirer en11 
hlb0tccrtcir of stir IeCerrT.lt, c ui re/nd Ic's tialliatinitd ai apatlc itie rtcentioin i eatu tlisponihie 
nItoinshlables. ( e.staettiu Sc 'nt lalhntent a/Iefe parli nattc ct i c'n'ctcfltrati'ttie hi solutiott dI 
sOIl c par hi tnpCc1.iti nIi Ittnticf e c liltlchnc. I d salttlr;tictlnittilc eI) .\'aI. et t/tip tia1C eel/c' 
en ( 'det le'. in/lhtit cIccC ,ltlis Ih strtitti,-cLt'c. rlhiftession Li tilo/cl'mnt. /]ndextie plasticitt 
CI !J Cc'iltd'Cli it( h c't/itie. 

Ic's IVet isols.s( ccit/ te.s tv''ii t.ictiltl1 / c t t;tL'C' csOdiIti c/ia tcahic, c eliltcct;th/'sc itlItlI 
pc'l/t'c'tta~cFl'. I." p) c tttell titte Ie/litic'ttI /PtIllt'claIc'SIs ticcic/tIl'Ssttictirt i.i 11C Stitttlic 

l
sc'tii-alriti.s. I iic'ntilicti'iill elli.so] .SO/l/tc'.s fC/Liit'lt /co'tltc'l 	 c ((cIC' cs ci'.s bables Sir"IF'" 

(c'apicife c '/ihti-e ct cati 0l. I ,iniethotidc' c'tiraltIc' utilc'c'pc cur c/cet ic
Illt'erle ( "F( titilisait de 
I 'iC't if' 11 A/, ptl fiw dtMite1',t illll ).-l" ai cli c/C. i.;iltitIs ilc'.act's Icf.rsctic' des earbc/tats 
libtls sOnt pr,'ctt.s /'tithiati 'Ictit i)tltchcc' lt.s rc'-ente dcuicicee par elic-'in (19S). 
Ct'tplct1 It i, 11c I I IA.ft il Cst stI2rtie. 

Introduction 	 (icnerti ill Iyctrtuct, papers on VertisoIs aid 

Stc.icitf tieir prtpeirics \c\re presented :it the 
In the lai ic' .art.,titttictitli IhN dtIl ctis- I)elti s.\lpccsitlilltin tile to cceetings ill thehc cri 

itdSudall. ic 
shops. ilicluclitg the ltclholllc '\il apects clVelrtisccls that secin to he 

ols illa tutl btclo coililiccs, .inpccscic. an tiic!wrk- I t'tc'l e, in tlls paper I ill Coce'ntrite 
oili ICia ' 

" 	 S~viipsiult cil \'cicol, i the 12th lintirrlit- telc\ait it,the tpicol this Workshop. Iheseare: 
tiOali ('0cctt SS ci!Sccl Scit'c held tt I)lWihi. S citicCptitc;1 tciititccr,. 
March 19,)2 (ISSS I)2). * enit iticill. 

" 	 Acti\itie sc I ,tt I('() the5St • Itclllphclc.c\ttI('Alt R1< l) att 
Intrinationial Scoil ('I,cs'iil ccatiti \k hikscchtcield 0 "oil properltie .
 
ill NccltiheCr jN)i2 (Stil SLIIC\ .,\tlllliis- Soil ptiqlcrtics haca strong hearing on agrictilt

1. 
.iti. 


tratio. 1';5). fill use. cspecial,\ thcc rle alt to the \uter regime 
" 5th Meeting ci tile I tIM,t AtrIIican Sttll- anicd tileacu;,lablc \site-hcding capacity. Ihese 

COIllnllltie
101 Scoil(' crelaictt llMid Iald i\l- iicltUdC pih,c,iccchc'lnici tiliCtcltx, SUCh it', 'olliptsi-
Ittation lltid.oltiagelliittnl(ttheteii: \'eitlsclst. held 1tc01 ol the e.changc colntplc'\., ailldcnicentration 
illSUtcL1lt. I)cCetLher t)93 [.A0. 1985 ). ald Cct xtl1',ii1 0c tit' scii Ncilt1ticii. 

SSlllpositllll cii plotciriies tch tili/ilttct of 
cracking c soids, htld ill.\ttli,tia inl 1981
 
Mc~iim et il. 1984). Concept and )efinition
 

* 	 Sylllp tillllloni\.itcl ancd soltt.ic Illc\tllcilt ill 
hixci\t x l, tchl tuspt'iecstlhe rtie glcc ,oils IllorxliiSo ilticr the c Vertisils a ic \ith it Specific 
I lt'einiltictuI Soil Sclicce Sc ctet IilInh\\.tgcttii- ccicl. and theiirl sict clt! c'heuni¢c.t ehlitrliter
gen. tileNc'therlcan,,. Attgust 1984 (Olittliit lldt isttics t \\iithtinit,ithci itic\\ lilige.s..Mlphhcgy 
i'l~ls 	 Mrid plOcirticS itrc tiletc'c1IttIC I) l hth S11C¢-n1984). 
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titic (Inontmorillonitic) clay mineralogy and the 
location of these soils in regions wti alternate wet 
and dry seasons. Fhe most important aspect of soil 
formation in \"crtisols is the alternation of water 
uptake and swelling in the wet season wri water loss 
and shrinkage in the dry season. 

Vertisols arc classified at the highest level in mllt11i-

categorical classification systems. such as Soil lax-
onotnty (US)A 1975) and CP('S fI)67). liecaiurs 
Vertisols sho, greater uniformity ill ltaturels aid 
properties than do other groups of soils in tire same 
categorical lc ci, it is possible to makc somet, inter-
pretations for agricultural L:c and management for 
them at this highest lecl (Virmani and Swindale 
1984). 

In this paper. I will adhere it the dfirnition tof 
Vertisols in Soil +a.ontiornV that centers on three 
characteristics: more than 301 clityv' wide and deep 
cracks atilsome itire of the year; a specific niorphol-
ogy characteri/ed bY one or mire of the following 
three criteria: gilgai microrele., intersecting slicken-
sides, and scdg,-sfapcd structural aggrcgatcs. I ie 
first two of these criteria apply equall, to ,crtc 
subgroups Irnother or(Irs XShihr lsO ICquirc a high 
coefficient of linear ,crtsihilitv ('OL). Iecdors 
belongig to, such ,ertic sUIbg)lu0ps1 lack tie \etrisol 
morpihologv. bit a' , tile hic the appropriate sioil 
nratcrial. such riurphologv Casil, develops when 
errirovitnlentarl ciurditioris change (lilokiluis 1982). 
Ilh third requCrreeit rler , toiaspects of siil ,trlC-
tire rnd surhface iItIpholog\ . A gilgai microrelief is 
riot alsa,a s present. bi tl, herr plcr cllt, it is lr lated to 
"lickesidfe sulrfcC, ill tire dCCper Siuhuirir; In ildditioii. 
intersecting slickeisidecs cut tie sodl maiiss into 
\%.'dgc-s hapcd pods. hlielatter ICquuirCCnt for tile 
Vcrtisol order could thius be shortened to: hia\e 
\wedge-shaped pods %6ihshin. surfaces. 

Environment 

Vertisols deCefrhp ilthin clinites that :ire warm to 
hol, si,ith a simn.l rainfall that is both srrfficierntlh 
high to substantially moiristen tle sril and sufficiCntly 
short to alliw a strong desiccation in the lr. season. 
hligh tetupCraiLrCs dulrriIg tire rain\ season prtmoite 
\cathci ring o rucks ard sccnd-ccc \%cathcirig of 
yu ng alliniai sediments. 

lhre restricted length if tire snet season plesclts 
strong leaching rif the products that rcsult from 
%exathering of rocks or sedinent. Essential to the 

formation uf siectite are the presence and availabil-

itv of, Si, Ca, and Mg and a pHl above neutral. 
leaching of soluble compoLMds is also hampered 
when there is slow internal drainage, which can be 
caused by an imperncabhle parent rock or parent 
material. \Vhen such material weathers, the pernCea
bility of tle regolith will furthe..'r decrease diue to the 
loflornoation of clay. In the semi-arid tropicsm,.iec
tile is the lirst mineral to be iOIlld as i resItul of rock 
\,ceathering. Sricctitc niav also be inherited helen the 
pa'ent tiaterial is :a sedirlctll, ol it lliav dfevelop 
wChen the sdir,.eint is suhjctCd to COlIhtirltd weath
ci iru. Once stuiectite has oritlled, its slability is main
taied h a high pll ;and tfle presence of free 
carhonates. 

Il short. optirriunri coiditions for ,'ertisol forma
tiorr aet a sCtiri-arid cliriate rOLghly equivalent to 
the uistic "oil mlOisttre L'girIe b;asic parent imate
rial,, and Ilndcalpes Of loh rel I1e ce.:ntral con
cept of tie \'crtisol orrfer is proaii,-il,, a [ypic I stert, 
iChmneillg to tile iC claV. irrorrtmriorilloritic, iso
hyvperiretrrrc lirril,. Pehaps one sfhold add; this 
\'cl tisol laIs a sUrtc itrriliCr. I l question whether 
tis ,Iould be (ihroinistert or a Pllusturt remainis 
to be rcsued (see also (oie.riraI 1989). 

Ilie ,,umi-arid tropic,, cair be dCllnCd itt ditfelnt 
\,iit, hi t ollrld climatic Iraps b,,ased oin tire .arious 
classiuficallolls pinpoiit roughl\ tire sille Ieglons its 
seni-arid. (ollpailrlng tie silli-arlif legionis \ith the 
mriain Vertisol areas of thie s\hOld (Beck ct al. 1980) 

li\os about ia 70; rserlap. 

Morphlogy 

A gourd understanding of the physical properties of 
VrtiSOls rlquires kno\ledgc of their ',pccific mor
pliolgy, which is essentially a structure profile (des
cribcd iii detail by Krishna and |Perunial 1948, 
Kaloga 1966, tie \'os and ','irgo1969. llokhlis 1982, 
and Ahmad 1983.) 

In the dr, scauson. the surface olVertisols deelops 
cracks (2-5 cii wide ard 20-50 cni apirt) that separ
ate irregular, \sry coarse prisni tic peds. ('racks can 
be traced io depths Inceis n 70 arid I0 cin or inore. 
depending upon raiiall (Soil lIaxonlori requires 
that cracks are I cm wide at the 50 cii fepthl; such 
cracks should t lien be %isible it) depths tf at least 701 
cm.) lie prisn, haeuahabnguilariiit angular sub

ftructure. 13cl u, 211to 30 cm. but ,nactinis almost 
fron tire sufac., the bIocky p,.ds iC(quire. t flattened 
appearance, a leature that is increasingly itore dis
timict with depth: at the samne lime, the si/c of tie peds 
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increases. Characteristic for Vertisols are these 
wedge-shaped or double wedge-shaped (described as 
bicuneate by de Vos and Virgo 1969) structural 
aggregates. Ped surfaces are shiny, and these have 
been described as shiny faces or pressure faces, and 
the larger ones as slickensides. 

There is often a further subdivision of the wedge-
shaped peds into increasingly smaller structural 
aggregates of tilesame shape; the smallest units have 
dimensions of 2-5 nmm. With depth, the grade of this 
finest substructure decreases; it may show only as a 
fine lamination. Ifa structural aggregate showing 
this lamination is exposed to dry, it fills apart in 
these smallest units. Fox (1964) observed that when 
one side of an aggregate sample was ground smooth, 
water applied to tilesmooth side penetrated the 
aggregate along definite lines. Fron these lines, tile 
soil was wetted laterally. lhe dimensions of*the area 
between the lines wcre of the saime order as those of 
the small aggregites that develop spontaneously 
when a large aggregate is air-dried. It is perhaps 
justifiable to consider these smallest aggregates as 
tile
basic structural units in Vertisols. Thev aire most 
distinct at tile where the soil breaks apartsurface. 
into fiie granular or Crtltlb aggregates, formling 
what is kno\n as a surface iiulch. A well-developed 
mulch may block the entry to cracks, thereby pre-
venting a further infilling. [lie miulch will also obs-
cure part of the cracks at the surface. 

The fornmation of this structure cai be understood 
from the infilling of the cracks during tiedry season 
by this mulch material. [Ie 1i1ilch will then occupy, 
one could say, part of the volutme that the moistened 
soil requires to accomodate its increased volunie 
when it iswetied. Water uptake ina confined volume 
causes s\%elling pressures that result in tire sliding of 
soil masses along each other. " his shearing occurs 
when the shear stress, acting upon a section of tile 
soil body, exceeds the shear strength of' that soil 
body (White 1966, 1967: Yaalon and Kalniar 1978). 
The internal soil movements generate the bicuneate 
structure and the glossy nature of ped surfaces 
(.Jewitt et.al. 1979) When shearing is strong, it may 
cause tiledevelopnent of a gilgai niicrorelief along 
pathways that are its vet iot full,', understood. Some 
Vertisols that do not develop itsurface mulch will 
still show internal mo\ernent; uneven wetting of the 
soil causes stress and, ultimately, shearing. 

The morphology is described above with surface 
mulch, cracks, wedge-shaped peds in a multiple 
compound structure, shiny ped faces, and intersect-
ing slickensides is tile"central concept" of the Ver-

tisol morphology; this can be deduced from 
numerous descriptions of Vertisol pedons in the 
semi-arid tropics. 

There are gradual changes in this morphology 
with differences in total annual rainfall and rainfall 
regime, and with differences in clay percentage, clay 
composition, saturating ions of the exchange corn
plex, and composition and concentration oftihe soil 
solution. Schematically, next to the semi-arid cen
tra lconcept, one can distinguish three variants: arid, 
subhumid, and "intrazonal" sodic types. 
I. 	 In arid regions: The surface mulch isthick, 5to 10 

cm (.lewitt et.al. 1979), which is probably related 
to the occurrence of much finely divided lime in 
the soil matrix (Kaloga 1966). There is no gilgai 
nicrorelief. Cracks are relatively narrow and 
short. Sola are not deep. Sodicity and salinity 
may occur. 

2. 	In subhumid regions: The surface mulch is 
thinner or absent (Jewitt et.al. 1979); there is less 
or no finely divided lime. Soil structure iscoarser. 
Gilgai is distinct. Cracks ire wider and deeper. 
Sola are deeper. 

3. 	In flooded areas: Especially when these soils 
receivc runoff water and solutes from surround
ing higher ground, sodicity may occur. A soil is 
defined as sodic when the exchangeable sodium 
percentage (tESP) is greater than 15. As Na
montmorillonites have higher swelling pressures, 
a greater shear strength (Warkentin fand Yong 
1962), and a greater plasticity index than Ca
montniorillonites, both morphology and water 
regime are different for the two groups. Sodic 
Vertisols may occur in arid, semi-arid, and sub
hurnid regions. 

For both the arid and subhumid regions, there 
appears to be a correlation between content of finely 
divided litme and shear strength of the soil (lRimmer 
and Greenland 1976), and, through this, surface 
mulch fornation and gilgai (Jewitt et al. 1979). This 
leads to t/onality in Vertisols that can be observed 
when large stretches of uniform clay plains extend 
over a wide range of rainfall, as, for example, in the 
Sudan. Finely divided lime in the soil matrix and it 
strong dotiniatice of'Ca inthe exchange complex 
reduce both the shear and tensile strengths of the 
clay. Under these circumstances, rupture and shear
ing take place at relatively low tensile or shear stress. 

In flooded areas, interesting observations have 
been made in the l.ake Chad basin in North Central 
Africa on tileoccurrence ofsodic Vertisols in combi
nation with .%oonvi: solodisisand with hydromor

40 



phic soils. The so/onetz solodists are classified 
according to Soil Taxonomy (USDA 1975) as 
Natralbolls, Natraqualfs, and Albic Natrargids. 
These soils occur together with Vertisols in a caten-
ary succession on pediments and adjacent plains and 
in young river alluvia. The Vertisols occupy the 
lowest landscape positions. When the two soil 
groups occur in a gilgai pattern, the Vertisols occupy 
thc highest positions, tilenicrohighs, and the Solo-
netz solodi.6s the lowest positions, the microlows. 
These soils have been described by Bocquier (1973), 
and their mineralogical relationships by Paquet et 
al. (1966). The .o/onetz solodtist v may represent a 
degraded Vertisol where clays have become mobile, 
resulting in the development of an albic and a natric 
horizon. 

Soil Properties 

Soil-water regime is the main property of Vertisols 
that affects their agricultural use. Climatological 
and site factors, as well as infiltration rate and 
hydraulic conductivity ;.:fluence water regime. For 
crop growth, the available moisture-holding capac-
ityis important. But physicochemical factors are 
relevant too: it is well-known that Na-saturated 
smectites have phivsical clmracteristics quite differ-
cnt from Ca-saturated snectites. [lie Na-sniectitc 
characteristics dominate when exchangeable 
sodium exceeds 15-20"i (Shainberg et.al., 1971); 
such at FSP value is quite coiion in, for example, 
tileSudan Gc/ira. [-en lo%%er sodicity seems to 
cause changes in soil characteristics that are quite 
important for soil use. On the other hand, urc may 
find high ESP values that hardly influence crop 
growth and soil structure. 

Infiltration of rain or irrigation water is initially 
1
high in dry soil, reaching values of50-80 mnrmh-,if 

the surface soil has twell-developed Mulch or a fine 
tilth. Infiltration is very unesen: the surface soil is 
thoroughly wetted, whereas the subsoil receives 
water only through the cracks. Terminal infiltration 
rates, after tilecracks have been sealed by swelling of 
the soil, can be extremely low. below 1.0 mii h-1 
(.Iewitt et al. 1979). 

Hydraulic conductivity may be as low as 0.5 to 5.0 
min d- 1,and often the central parts ofthe soil bodies 
between wide cracks are riot wetted before the cracks 
open again. Consequently, the wetting front never 
reaches these central parts (Lewis 1977). Indeed 
there may be no water movement at all when 

entrapped air fills the finest pores. 
The total water-holding capacity of many Vertis

ols is high, but much water is held at wilting point, 
which makes (lie available moisture low. Data on 
available moisture, as given in the literature, show a 
wide range. Nevertheless, these soils are often stated 
to have high available water-holding capacity (e.g., 
Virmani and Swindale 1984). Reliance on estimates 
of available water, however, may be misleading in 
those instances where this capacity, e.g., in a I-m 
deep profile, is never reached. The problem in some 
Vertisols is that water, even when given in unlimited 
quantity, does not reach the deeper parts of the 
solum. For instance, when the Gezira clays in the 
Sudan were kept flooded for several days to several 
weeks, moisture content in the upper 20 cm was 
50 551,' at field capacity (Farbrother 1972). Mois
ture content below 20 cii, measured midway
between cracks, %%as entirely a function of crack 
diameter at the given depth - 35-45('1 at 20--40 cm, 
and 30r'i cm of duration ofat 40-60 irrespective 
flooding. At a depth of 100 120 cm.moisture con
tent (idnot increase appreciably above the perman
ctt wilting point throughout the year. Farbrother 
concluded that, except for the surface soil, water 
penetrates only laterally froni the crack surfaces and 
vertically from the bottom olthe cracks. The Gezira 
clay would behave so differently from textbook soils 
in almost every respect that. quoting Farbrother, 
"the orthodox approach [for estimating irrigation 
req uirerments] via field capacity a rid availa ble water, 
has failed entirely to provide a satisfactory under
standing of what happens when water is supplied to 
a field in tire Geira." This statement may not apply 
to all Vertisols: the Ge/ira clay is slightly sodic, 
which may affect water intake and conductivity. 
Theoretically and this is confirmed by some field 
observations some sodic Vertisols develop fewer 
and wider cracks, and the substructure is weakly 
developed. Although this "sodic" str uctural pattern 
does riot develop in the Gezira clay, probably due to 
the presence of finely divided lime and weak salinity, 
a rapid swelling and closure of cracks may be respon
sible for the very poor water penetration. 

On the basis of the differences between Ca
saturated and Na-saturatcd sniectites inhydrologi
cal and eriichanical properties, we would expect 
self-rulching, carbonate-rich Vertisols (which have 
relatively fine structural aggregates and strongly 
intersecting slickensides) to have the most favorable 
fabric for optimum infiltration and movement of 
water down the profile. The matter does not seem 

41 

http:solodi.6s


clear, however: Smith (1959) and Sleeman (1963) 
found that carbonate-free Na-dominated clays deve-
loped a high intensity of fine cracks, and Ca-
dominated clays fewer and wider cracks, 

Sodicity of Vertisols and its effect on soil physical 
characteristics and plant growth iscontroversial. In 
several countries, good yields have been reported 
from Vertisols with measured ESPs greater than 40. 
Vertisols in the Sudan (;eiira had ESPs of 40 to 80, 
but they were similar in morphology to nonsodic 
Vertisols in the same region and gave the same yields 
of cotton. The sodic soils, on the other hand, had 
high pHt and were nonsalinc (Buringh 1969). In arid 
regions, nonvertic sodic soils with very high ESP 
were found to contain the ieolite mineral analcinie 
that, under field conditions, immobiliies part of the 
sodium (Schul,/ et al. 1964). We know this because 
certain extractants, including NIt.4OAc. extract 
both this "/eolite sodium" and the sodium adsorbed 
on the active clay surlices. IHowever, /eolites have 
not been found in Sudan Vertisols, as far as I am 
aware. 

Another possible expla nat ion for the apparently 
little effect of high exchangeable sodium is that the 
crop benefits from the higher aiount of available 
water in clays with high ES P (.le%%itt 1955. Zein el 
Abedine ctal. 1969). If sodicity is accompanied by 
salinity, tireeffect of the Na ion oil the surlicc char-
acteristics of the clay is couteracted e.g.. hidraulic 
conductisity and degree of structural stability 
increase with increasing electrolyte concentration in 
the soil solution (Mukhtair elil. 1974, Pandey et al. 
1974). Ilalitui et a1.(1984) found that soil structure 
and water properties of ('a- aid NMg-satoirated siec-
tites were only slightly modified by salt concentra
tion, but a strong effect of salt concentration was 
found with Na-s mectite. 

One difficulty inassessing the effect of sodicity ol 
crops is tire lack of a suitable methodology for meias
uring exchartgcable cations. The standard NIl14)Ac 
method (at plH 7) for ('EC-determiiation and 
extraction of exchangeable cations may give errone-
ous results whe r tite soil contains finelv divided lime, 
gypsum, or soluble salts. When salinity is suspected. 
the most accepta ble procedure is It)make separate 
determiinations for Nater-soluble catio% aid siti)-

tract these fronm the soluble plus exchangeahle 
cations (Ilesse 1971 ). but this is curiibersoniland not 
without analytical problems. Il low-salinity. low-
sodicity Vertisols froiii Sudan. tihe CECtire coin-
puted as asun of cations greatly exceeded the (T'EC 
measured by the NI l4OAc method. These soils con-

rain finely divided linle, and apparently some CaCOI 
is dissolved by the ammonium acetate and is, there
fore, included in the exchangeable estimation. Natu
rally, in such cases where part or all of the figures for 
exchangeable cations are too high, a reliable ESP 
cannot be given. 

A new method for the determination of CEC and 
exchangeable cations, described by Begheijn (1980), 
appears to be especially suited to calcareous, gypsif
erous, and saline sodic soils. It is a simple, single
step method using LiEI)TA as extractant (or 
LiBaEIJTA in gypsiferous soils). Extraction by 
I.iEl)°A removes all adsorbed Ca and Mg from the 
soil solution due to EI)TA chelation; Na and K in 
nonsaline soils are removed by excess Li. In saline/ 
sodic soils, replacement of Na is incomplete, but it 
was found that the Nai l.i molar ratio in the extract 
eqtals thlt of tie adsorption site. This permits cor
rcction for both CEC (+)and for exchangeable Na 
(i). Analysis of the extract provides data on Li (for 
CI'C), ('a, Mg, Na, K (for exchangeable cations), 
C(O, and CI (for correction of dissolved NaCI and 
('aCt()0. For gypsiferous soils, Lil aEDTA is used. 
(iypsun is remosed by simultaneous chelation of Ca 
(to the IDTA) and precipitation of SO 4 (as laSO04 ). 

Otherwise, the method isthe same as with LiEDTA. 
The overlap between sodic soils and Vertisols in 

world maps (Beck et al. 1980) issmall and, therefore, 
sodicity may not be a great problenm in Vertisols on a 
global scale. The rclative saturation of the exchange 
sites with Cia and Na, however, appears to have 
important effects on the soils' physical characteris
tics and, consequently, on the water regime in 
Vertisols. 
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Discussion 

Bentley: You said hydraulic conductivity decreases 
with a decrease in the ES P of the soil. Is that correct 
and what you said? 

Blokhuis: No, hydraulic conductivity will increase 
with a decrease in the ESP. 

Hawando: In Vertisols in the semi-arid tropics, 
cracks may develop to as deep as 120 cm. Ifyou put 

water in this soil or flood it, would not the bottom of 
the profile receive more water and wouldn't the lat
eral movement of water into the islands (between the 

cracks) cause more water to accumulate at the bot
tom of the profile than in the surface soil? '[his may 
not agree with the Sudanese data on water content 
after flooding. 

Blokhuis: To some extent, yes, during the initial 
stages of infiltration; somewhat later, there will be 
the minimum water entry into the prismatic peds, at 
about the middle of the cracks' depth. 

Sampath: It is suggested that Na-saturated clay soils 
tend to absorb more water than Ca- or K-saturated 
clay soils. Is it not true that since sodium is a defloc
culating agent, the pore space gets clogged, which 
may lead to less pore space, thereby leading to less 

water storage in the soil as well as less infiltration by 
the Na-rich clay soils'? 

Blokhuis: Yes, but what is referred to is the micro

pore space and interlattice water-holding capacity of 
clay. More important, however, is the strongly 
hydrated nature of Na ions; its effective radius is 
greatly enlarged when enveloped by water mole
cules. Therefore. swelling--and repulsing ofadjoin
ing clay particles--is greatest with monovalent 
cations. 
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Vertisols in the Seasonally Dry Central Clay Plain 
in the Sudan 

Hassan Hag Abdulla Mohamed' 

Abstract 

Vertisolscovera largeareain the Sudan, almost500 000kin-', extending through latitudes5to 16 'N 
andlongitudes28 to36' E. Thisareaforms an almost continuousclayplain of very lo relief Parent 
materialsof the soilsare smectiticclaysderived eitherfrom Blue Nilesediments orfrom weathering 
of granitic,gneissic,and basaltic rocks. Alost of the clay plain lies in the seni-aridtropics, but it 
stretches from the aridto the subhumidclimates. 

Soilpropertieschangegraduallywith the rainhlilgradientfroni north to south. Moisture varia
tions in the dry environment (225-750 mm average annual rainklll) impose a certain degree of 
zonalit in claycontent,clay mineraldominance.chemicalandptw sicalproperties,and the degree of 
expression of the vertic characters.Salinity an( sodicitv and the presence oftgypsuin aregenerally 
confined to the drierarea.%. 

In the drier part of the environment (... 400 mm average annual rainlall),vertic charactersare 
weakv expressed, cracks are closely spaced, surlace mulch is well developed, surlhaestructure is 
slightlv friable, soilpeds have soft consistency, clay content is low (v. 50'f). with smectite dominating 
(80Q of clay) and chloritepresent as an accessory mineral,and the soil matrix is calcareous. With 
increasein rainlhll,a continuouschange is observed in profilecharacteristics.In the wetterpart of 
the dry tropics ('N600 m averageannualrainlall),vertic charactersbecome well expressed,cracks 
are more wide/y spaced, surliice mulch is thin or absent, surltce structure is massive and hard, 
structuralpeds have very hardconsistency. clay content is more than60( ' hut containsless smectite 
(< 60Qf), kaoliniteis present asan accessor' mineral,andthe soil matrix is noncalcareous.A mixture 
of snectite, kaolinite, and chloriteand intermediatepropertiesare seen it midlones. 

Onlv twto soil families, classifiedaccordingto Soil Iaxononv, cover almost the entiresemi-arid 
partof the CentralClayPlain,and thissuggestsa unil'ormity in aspectsof soilmanagenientthatdoes 
not really exist. Criteriarelevant to agriculturaluse in the seni-aridtropics. therefire, need to be 
defined so that a more uselhl difi rentiationat the familv level can be obtained. 

Rsume 

Les Vertisols de la plaine centrale argileuse i longue saison s~che au Soudan : Les Vertisolscouvrent 
presque500 000km 2 au Soudan. I/s s ltendent de 5,i 16N et de 28 ;i36°F.C'est une rtbgiondont la 
quasi-totalit consiste en une plaine argileuse ,)relief has. La roche-mnure des sols sont les argiles 
stmectiques dbrivies,soit des scditientsdu Nil, soil de I ailtrationde.s rochesgranitiques,gneissiques 
et basaltiques.La plupartde a plaine argileusese trouve dans les tonestropicalessemi-arides,mais 
elle s tend des climats arideAsubhutnide. 

Les propritcsdu sol changent progressivementat cc ILgradientnord-sudtie la pluviontnrie. Les 
variationsde 17iumidit' dans Iv milieu aride (225-750 mim de pluviomuitrie annuelle moyenne) 

I Director, Soil Srvey Adirii,.tration. P.0 Iox 388, Wad Nedani, SLidan. 

ICRISATIInternational Crops R ccarch Institute for the Semi-Arid 'ropic,). 1989. Managemient of Vertisols for improned agricultural
production: proceedings of an I|3SRANI Inaugural Workshop. 18-22 I}eburar% 1985. ICRISVI Center, India. Patancheru. A.P. 503324. 
India: ICRISA'I. 
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imposent un certain degre de /onalite dans la teneurenargile, a dorninancedu mincraargileux,les 
propriteschimiques et phvsiques, ct /v degr; d/expression des caracteresvertiques. La salinit., /a 
sodici et la presence dii g)pse sont. en gnral.liritesaux regions plus arides. 

Dartska partieplis aride( 400 nude p/u ioniitrieannie/k noyenn). /'e.pression des caracte
res vertiques est tible, hs lissires sont ctroitentnt espaces. ele tlch doaI urtlicct bien 
d~lelopp. L.a structure superlicielley est hc~glretnent Iriahle. los j'ds d sol ont trie consistance 
tendre. /a teneuren arglile 507),aI ec i do ninancedeI 'arilest t'1ibhle(. esrnecti it (SO( de I"drgile).eJo c'hloriteest pr.9sent 'oinllni nnralacc'tessoireeiIa roec-e-lreost ca/cadiro. ,,uTt elmolesulro que 

h p/uviommtie auntetl. ;ia u nci'nueClltent clumt ll. ICos ciaCttiLri.Siqiu./tSdu prolil. 
i)ans lIa .600rint de pliitionrtri annuellei oventt).partic plus hin/ide des /oiles tropica/es ( 

/e~xpression des cariCItre.N tertiquesest lirte.les It.sur.s sont iel espaCteS./ Inu/tido/ai surlilceest 
presque absent. l.a structurede hi surlIlce t etSduro et ;wf/loni~r&re. 1c.% pods structuralix ont tine 
consistanct uluet /;te/atniirenargileest superieu ;i601,' maisLnhinntIinOilS c/e.smt ito h0).( ... 
].;akaolinitc est pr-utoSe Coruniet ninrl;daccessoireCt la roche-ni'reest non calcaire.I 'n nelangede 
sinlectite. de k.aolinitetde chhrit ainmsique desproprit s internediaires.setrouvent darts/es1ow('s 
intcrnrudiaires. 

1/n 'Va1que deiix I"Irtuil.s duisol, c/a.s.siic&es so/on hi - hi'.\ononit (/u Sol qiiicouitrent hi pitipartde 
la rc~gion semi-aridedeaplaino contra/cari/eu.e. "ti /ai.ssv ;icroiroir" unitrnitedans ls aspe.its 
do hi gestion qii n existe pas traiinent. I.o.scrittre.s appropri.es ii /utisation agricole dans les 
tropiqiissemi-arides det rient Itre bien cdkini.s alin /u lon puisse obtenirune dilkirtentiatiOnp/us 
utile au nit eau do hIfilmille. 

Introduction 

Vertisols occur extensisely in the tlonsoon1 td 
semi-arid climatic regions of the Siudan;l patches of 
Vertisols arc also found in the arid areas (Fig. I ). Ihe 
latndscape associated %kith Vertisols normally con-
sists of gentl\ uindilatilig piedmont plains, flood 
plains, and deltaic plains. I'arent matcrials are utiii
,lls ,tcatheritug prodtlucts of basic tetiirplic id 
igneoUts rocks,. especially basalts, aMLacid igneous 
rocks. 

Vertisols as a group are retirarkably hotogctncous 
and conform toa single process in ,oil getesis, s hich 
is dominated by the shrink-s\cslt properties ol the 
stuectite clai\minerals. Variations In this plocessale 
related todliffcrcriccs it clas contcnt.climatliccondi-
tions,. and soil da-ainilge. 

Soil strticture is the most striking feature it Ver-
tisol miorpholog.. I ftc structur ptofilleshotss aria-
tions %%itih depth. hutbi o ther se the folnl;utioll of soil 
hori/onis is \er\ eakl\ exprcsscd. Ill the Stilan. 
structural deseloptecnt auries. as do a ntittber of 
othercharacieristics. includirgclay imcralog. car-
boate at1(tgypsuit contents, anf slulitt. Ihis 
paper focuses ol tie rilliltlonthe propctics ofit 
Vertisols along the marked chiliitc gradient that 
occurs it a generally north-south lirectuon. (litate 

appears to be the single factor that causes most 
sariation. )iscussion in this paper is confined 
almost entirel' t the Central (la, Plain area, 
because this extcnd, oser a widc range of climate 
arilt is the area on which most pre%ious research has 
been conducted. 

Spatial Distribution 

Vertisols base a \ih: global distribution, ranging 
from 45 S to 45 N. They occudr cxtensively in 
tropical indilrltn te perat climates. In the Sudan, 
'ertisols occur onti large tract of latd extending 
front 5 to l6 N and from 28 to 30 F. Inwestern 
Sudan the clay co%cr does not extend north beyon( 
tile5001-nttrn annual raihfall isoliet, Mhereas itt the 
cast it extells iolth up to arnif Just beyond tile 

200-11111 anintal railall isolhet. 
SutLf's \r.% large tract of %etsolk,totaling per

haps 51 million ha ili areai. is m,.dci ntturally into 
thiree separate arcas: the ('citral (lay Plain. the 
Nuba Moutttaits Region, atid the Southern Clay 
'lain. Vcrtisols itn tire Niuba Mlounitains RCgioti 

occur ou gently uttdulating plains anti ha c better 
surlace drainage than those it tie extremely filat 

46 

http:appropri.es


----------.
 
I " 

Desert
 

[ , Ar-i d. -

" I -.. ',Semi aril J / 

• ~Monsoonal "" 

\ .Humid . .' 

0 200 400 600 800 kmI - - _ - II 

Figure 1. The climatic regions of Sudan. 

landscape of the two ('lay Plains. The Nuba Moun- Vertisols have been examined in any detail; at pres
tains Vertisols are considered to be derived from the ent, it is by far the most important area for agricultu
underlying bedrock, whereas the Vertisols of the two ral production. 
Clay Plains are derived to a greater or lesser extent The common features governing the distribution 
from alluvium deposited by the Blue and White of Vertisols in the Central Clay Plain are discussed in 
Niles. The Central Clay Plain isthe only area whose tile remainder of this paper. 
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Climate 

In the arid region of the Sudan, temperatures are 
high, with maximum temperatures in the hottest 
month ranging between 40 and 45°C. There is no 
month in which average rainfall exceeds potential 
evapotranspiration; in at least I month, however, 
rainfall is 50('i of the potential evapotranspiration. 
Average annual rainfall ranges from 225 to 400 mam. 
The soil moisture regime is torric, and the tempera-
ture regime is isohyperthermic. Under such an cns ir-
onment, the weathering reactions are restricted and 
the leaching processes limited. 1lie vertic character-
istics ;,re rather wkeakly expressed. 

Although temperatures are high in the semi-arid 
region ol tile Sudan, they are loser than those in tile 
arid region. Maxinium temperature in the hottest 
month is about 35 40- C. Aserage annual rainfall 
ranges between 350 and 750 mi and anounts to less 
than 44"i of the annual csapotranspiration. In at 
least I month, the aserage rainlall exceeds potential 
evapotranspiration. Relatise humidity is around 
30 40('' during most of the year. but rises to 70C(1 
during the rains season. [lie soil moisture regirie is 
ustic. and the temperature regime is isoh",,perther-
nic. Such an ens ironinent is inure ta\ orable to 
sseatbering reactions than is the arid region, and 
wveathering proceeds to Laorlv adsanced stages. 
Leaching processes ha\e an impact oil profile gene-
sis, and depth o rliaxirnurn salt accurriulatiois 
depends on precipitation. Vertic characteristics are 
well expressed depending on precipitation. Ihese 
general climatic i'cnts be irfiluericedrms bs ',aria-
tions in incrotopogriaphy. \ hich cause mure arid or 
more humid conditions a. a result of s!ope 
variations. 

This is tine principal ensiroi rint ,here riost of 
the Vertisals occur in tIne Stdan. In thin ens iron-
meit. the most ,ignificait feature affectin ! Vertisol 
formation is tire marked seasonalit in the distribu-
tion (ii i:,infall, %shichcreates a seasonal., alternating 
wetting-ard-di, rug in the suil. 

Relief 

Land forrn is an important factor contributing to 
Vertisol deselopment. In the Central Clay Plain. tile 
landscape is partly an alluvial plain formed from 
Blue Nile sediments (aggradational plain)and partly 
agently undulating plain derised from \weathering of 
granitic to gneissic rocks of the Baseent Cormplex 

(degradational plain). Landscapes and soils are %ery 
similar in these geogenetically different regions, 
except for the presence of inselbergs in the degrada
tional plains. 

During its course from the Sudan border to Khar
toum, the Blue Nile has an overall gradient ofabout 

-12.5 cn kn I , whereas the White Nile has agradient 
of only I cm kim. With a gradient of a few centime
ters per kilometer and a low rainfall, water runoff 
from the Central Clay Plain seldom reaches the Blue 
or White Nile; the usually small amounts of runoff 
end in closed inland basins, locally known as 
'Mayas.' 

Parent Material 

The Clay Plains owe their origin to a very complex 
series of tectonic, weathering, erosional, and deposi
tional episodes. The clays have different sources. 
Ilhey are partly residual, partly alluvial, and partly 
paludal. The major geological formations from 
which tile clays are derived are basic igneous and 
nietamorphic rocks and sedimentary rocks, of the 
degradational plains. 

In the aggradational plains. oie finds great uni
horniity and great depth of the clay mantle. The lack 
(f stratification or sorting indicates a long period of 
unifrm climate, ri\er regime. source materials, and 
depositiorial eriiroinient. Inlormation on tile rnin
eralogy of the sediment is rather scanty. The niner
alogy of the light sand fraction is dominated by 
quart/; potassium feldspar is the doninant weather
able mineral. [lie heavy mineral fraction of the 
sands is characteried by an association of horn
blende, augite. and epidote, which indicates their 
origin as sedinients in tile Ilue Nile. Minerals in the 
silt fraction are dominated by sinectite, and similar 
minerals ;ire donliant in the clay fraction. Kaolinite 
arnd chlorite base also been detected, but always to a 
lesser degree than snicctite. lhe asailable data on the 
mineralogy strongly indicate that the sinectite in 
these class is inherited from tile Blue Nile alluvium. 
Ilowes.er, circuiistantial evidence also suggests tie 
possibiltv of clay synthesis on these plains. 

[he Vertisol landscape in tile Sudan extends over 
a wide range of rainall and. swith uniform topo
graphv and parent materials, some zonality in the 
clay niineralogy can he expected. Kaolinite is found 
as an accessory mineral in the wetter parts, and 
chlorite ii the driest areas, whereas both kaolinite 
arid chlorite are found in the intermediate /one. The 
relative abundance of smectite decreases with the 
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increase in rainfall, from 80% to less than 60%'b of the 
clay fraction. The variations in clay mineralogy are 
expected to have an impact on profile morphology, 

Profile Morphology 

In Vertisols, profile morphology is generated by tile 
forces that develop in the smectitic clay when it is 
subjected to alternate wetting and drying cycles. 
Several characteristic morphological features of 
Vertisols are common in the Vertisols of the Central 
Clay Plain of the Sudan. Variations in tiledegree of 
expression of these features are mainly a response to 
changes in the soil moisture regime, as affected by 
climate, topography, and clay content. 

In the drier ,one of tilesemi-arid region, the 
cracking pattern is closely spaced, the cracks are 
narrow (I .3 cm wide at the surface), and extend only 
to a shallow denth (50 cm). [le cracks are covered 
with loose surface mulch up to 10 cm thick, consist-
ing of fine-to-medium granular and subangular 
blocky aggregates. Iminediatelv below the surface 
(10 -20 cm). tilesoil has a slightly friable to slightly 

hard consistence. Wedge-shaped strtoctural units are 

weakly developed, and slickensides are usually not 
seen in the upper 100 cii of the soil profile but are 
found below the 2-ni depti. Black calciuni carbo-
nate nodules are found scattered on tilesurface; 
gilgai microrelief is a rare feature, 

With an increase iii average rainfall, a gradual 
change is observed in profile morphology. Fhe 
strongest expression of vertic characteristics is 
encountered in the wetter parts of the semi-arid 
region (with 700 mni average annual rainhall). Ihe 
clay content increases from 50"i in the drier /one to 
as much as 80'i in tire wetter /one. In the wetter 
/one, the cracks are wider, extend toa greaterdepth, 
and are more widely spaced. In addition, the surface 
mulch becomes thinner and very often is replaced by 
a very hard compact surface. lie soil peds are xery 
dense when dry. Calcium carbonate concretions on 
tilesoil surface are rare or completely absent. 
Wedgi -shaped structural units %%ith polished faces 
(slickensides) are more strongly developed and at 
shallover deptils. Large slickensides may be seen 
shallower than the 100-cm depth anl commonly 
occur just below 25 cm. 

Spatial variation in the dominant soil color is 
related to the soil moisture regime. IntIme drier parts 
of the semi-arid /one, pellic colors are very rarely 
encountered and only in depressions. Ihe pel',c 

colors are usually associated with receiving sites and 
chromic colors with shedding sites. The soil usually 
has a uniform color to a considerable depth. It is 
only in central (c/ira that color contrasts are seen 
within the solum. 

The colors are removable by treating the soil with 
alkaline extracts, i.e., sodium citrate or sodium 
bicarbonate. The efficiency of these extracts is 
greatly enhanced with reduction, i.e., when sodium 
dithionite is added. The pyrophosphate-extractable 
organic fraction in the chromic subgroup is domi
nated by fulvic acid (75(i), whereas in the pellic 
subgroup, humic acids are dominant (75,7). 

Chemical Properties 

Throughout the Vertisol landscape, there are grad
ual changes in soil properties, both laterally and in 
tile
profile. The lateral variation, apart from local
iied soil patchiness, is exhibited over the long tract 
of land where environmental conditions influence 
the soil properties. Gradual variations in tileprofile 
occur in tie quantity of soluble salts, sodicity, gyp
sum, and calcium carbonate; these can be observed 
along the rainfall gradient in the Central Clay 
Plains. 

Differences between profiles are related to tie 
presence or absence and the depth of occurrence of 
saline and or sodic hori/ons, gypsum crystals, and 
carbonate concretions. Vertisols in the Sudan are 
generally nonsaline within the top 50cm.The electri
cal conductivity (EC) of the saturation extract is 
usually less thian 0.1 S fi 1. In the northern limit of 
the landscape, where moisture is restricted, EC 
values of 0.5 S in or more occur below 50 cim; 
further south, where precipitation is slightly higher, 
such values are found only below the 90-cm depth. 
In the higher rainfall /one of tilesemi-arid region, 
the profile is nonsaline throughout the depth of 2 i. 

Sodicity is generally associated with salinity, with 
similar trends. But nonsaline soils with cxchangea
ble sodium percentage (-SP) values of more than 15 
within 75 cn of the soil surface are not uncommon. 
Sodicity occurs more widely than salinity. Although 
sodicity is less intense and less freq unCitIunder higher 
rainfall conditions, it does not generally seem to be 
closely associated with precipitaton. Sodic soils 
with -SP values greater than 25 within the top 75
cm /one could Occur it) any locality of tire central 
Sudan. 

(iypsurn is usually absent from tileupper 2-in 
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depth of Vertisols in higher rainfall areas (- 500 mm 
annually), but it may occur below 2 in. In tile zone 
with low precipitation (-. 500 mnm), gypsun usually 
occurs in various amounts and at various depths 
within the top 75 cm. It sometimes occurs as acicular 
(needle-shaped) crystals, but more c0t1ninorlly it is 
lenticular. 

ihere seems to he an interrelationship between 
average EC arid ESP salties in the top 50 cm and tile 
presence and depth of occurrence of gypsui in tile 
profile. When there is no gypsum within 2 in, a small 
increase of the EC" brings about a large increase in 
ESP v-alues. Such soils tend to exhibit high ES11 at 
moderate EC 'alucs of about 0. 1 S n 1. When there 
is gypsun within the top 50 cm, the F( tends to be 
higher thtn 0. 1 S ft I and the ESP low, usually less 
than 15. 

In addition to tile presence of discrete hard carbo-
nate glaebulcs, tihe soil matrix may be impregnated 
with finely divided free carbonates. [lie depth of 
occurrence of such a cilcareots nia triX is i functiott 
of rainfall. [lie Vertisols in the arid /one and tie 
drier parts of the semni-arid tone . 300 tni aserage 
annual raintall) are imprcgnated with finely diided 
carbonate throughout the soil matrix: in the 500-800 
fui rainfall areas, tile soil iatix becomes calcare-
ous belok the 50-cit depth. 

[lie soil reaction is generally alkaline. lie p1 
generally increases \iti depth: it ranges front 8 to 9, 
rarely reaching 9.5 w\ithin the top 50 cm. hligh pll 
values are usually recorded in io\\-rainthll areas (. 
400 mi) anl iii sodic Vctisols: \\ith increasing pre-

cipitatiort, th-Ire is a plogressie decrease in soil 
alkalinitv. It tile high-lainall area (700 800 rm). 
pit becotmes neutral to sligltl. acidic. Reactions ot 
pit 6 or less are onlv lound ill \'ertisols itt tile udic 
moisture regime, it tile Southern ('las Plair. s here 
tile acidity is generally confined to th,, op I0 20 ci 
ol tile soil profile. 

Classification 

The prevailing clinlate over iost of the ('entral ('la\ 
Plain is senti-arid. lie soil rmtoisture regirlie is UStic 
the soil temlperature reginie is isoliypetliernic. 
tisterts are by lal the Illost extensi 'e soils. I oiterts 
ire fouid itt die seii-desert and arid itoe. usuallv 
confined to annually flooded allmial basins along 
the Nile. Ilderts occur iii the weter Iringes of tire 
ustic mIoistture regime ii localities suibjiected to pro-
longed seasonial fhloding, iii the Southern Clay 

Plain. In the dry fringes of the ustic moisture regime, 
approaching the aridic moisture regime, vertic inter
grades to Aridisols and Entisols (Vertic Cambor
thids, Vertic Ustifiuvents, and Vertic Torrifluvents) 
occur. On coarser-textured sediments and in recent 
alluvium occurring withiltlie Central Clay Plain, 
usually there occur Ustili]velltS, [Jstorthents, and 
UIstic IlapiUstalfs. 

At tlie great group level, Chromusterts are by far 
the most dominant. In the \%etter parts of tie ustic 
regime, P cllusterts occupy slightly lo\er sites rela
tive to tie Chiornusterts. [he normal soil is the 
'ypic (hromustert. generally occupying broad level 
plains, sMhereas Entic Chromusterts occur on shed
ding sites. I here is a, general tendency for entic 
colors to prevail in the (rier northern parts of the 
\'ertisol landscape. 

At tie family level. ine and \er fine. mixed and 
riontimrillonitic, isohy'perilherniicclasses, as well as 
the calcareous and noncalcarcous classes, are 
recorded. 

A numher of soil series lia'e been recognied. A 
few that occupy sieable tracts of land are listed in 
Iable I. 

Soil laxonimy. (lie system used for classifying 
Vertisols it the Sldan., has rn~iriy la orahe practical 
aspects. but it poses sornie diliiculties, particularly 
lor agrotechnology transfer. Itt the ('entral ('lay 
Plain w\here tie soil moisture regime is ustic, there 
arc only tsso itmiilies: ,erv fine arid fine (of tile 
isohypertheriiic, monitiorilhttitic I ypic ('hromLus
terIs). Ihis :apparent high degree of uniliorlliity carl 

be scry misleading, especially for dryland farming. 
lIie separation at the suborder level, ott tie basis of 
soil totisture reginies, needs further categori/ation 
for tie \ery wide range of the ustic regirne. Although 
envirminental paraimeters are very important in tile 
classification, criteria used to separate fiiilies ire 
noticeably deficient for the seni-arid environment. 
FUres that li e atll impact ott crop performaince 

include: qLiantity nirdlnature of the soluble salts, and 
their distribution \%ithin the soil profile: pll; air-dry 

consistence and air-dry density of the soil peds; and 
stability of the soil iaterial when in contact with 
\iat'r (sticture stability). The classification system 
night be inproved if sotie of these criteria find a 
place ill Soil Iaxorolltv. lie intent oftite soil filrtily 
is to group together soils that are relatively homo
gerteous ii properties itmportaint for plant growth. 
('onsequently, all lie soils in a family should have a 
cOitnoii arid predictable response to nagenent 
practices, correlative input-output characteristics, 
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Table 1.Soil series and higher categories of Vertisols in the Sudan. 

Series Family Subgroup/Great Group 
I. Seinat Fine montmorillonitic isohyperthermic Typic Chromusterts 
2. Dinder Very fine mont. isohyp. Typic Chromusterts 
3. Suleimi Fine mont. isohyp. Entic Chromusterts 
4. Roseires Very fine mont. isohyp. Entic Chromusterts 
5. Agadi Very fine mont. isohyp. Typic Pellusterts 
6. Tozi Fine munt. isohyp. Typic Pellusterts 
7. Hosh Fine mont. isohyp. Entic Pellusterts 
8. Abel Very fine mont. isohyp. Chromic Pellusterts 
9. Maxmum Very fine mont. isohyp. Chromic Pellusterts 

10. Kenana Fine mont. isohyp. 

and similar crop-production potential. 
The technology transfer hypothesis is based on the 

principle that the empirical agroproduction expe-
rience gained with asoil ofa particular family can be 
transferred and extrapolated to all other members of 
that family, irrespective of their geographic occur-
rence. This hypothesis does not appear to be correct 
for the very fine, montmorillonitic, isohyperthermic 
family in the Vertisol soil landscape of the Central 
Clay Plain of the Suda.'. 
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Discussion 

Virmani: What are the drainage characteristics of 
Vertisols in your country? 

Aldulla: The drainage is scry poor permeability is 
wry slos. with no iterntal drainage vhatsoev'er. 
[he onls' wa that ssater is disposed of is through 

rutiolf' atd or esaporation. [he Iaxinurn depth 

for rainiater penetratiot is 90-120 cin. Irrigation 
water (id riot change the pattern of tile moisture 

profile. lhe soi l layers below 120 cm are pernan
entl\ very slightly moist, both under irrigation and 
rainfall. 

Nhiri: What is the distribution of natural vegetationi d f e r n \ p s o ' V l s l ? 
oU differeni types of Vertisols? 

Ahdulla: lie distribution of the natural vegetation
lliefolhlmk that of rainfall.Th vegetationetainoesres otes are as 
follows: 

ox : 
R0) 400 nih rainfall: Desert scrt, b400 -61)( mnl rain
fall: ,1Acacia short-grass scrub 
600 8)0 ntm rainfatlh ,'licac'ia tall-grass forest 

00 1200 inm raintfal: Broadleaf woodland forest 
[lie dominant vegetaion ot the Vertisols is tile 
Acacia short-grass scrub in the drier areas, and the 
,Alca',cia tall-grass forest in the s\etter areas. 

Hawando: Is the chty distribution in the Vertisol 
profile in wetter regions of the Sudan uniform 
throughout tile profile? 
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the region of 800 mm, the clay is very uniform 
throughout the solum. The CE-C/clay ratio varies 
within very narrow limits, i.e., 0.8 or 0.9. In the 
southern parts of the Clay Plain under the same 
rainfall, the clays become heterogeneous and strati
fled as far as the CEC! clay ratio is concerned. [lie 
sequence could be I. 0.5, 0.7. in successive layers 
with depth. This may indicate a difference in 
mineralogy. 

Blokhuis: You made some interesting observations 
on the color change when organic matter (and other 
constituents) were removed using various extrac
tants. Did you find any difference in dry-natter 
content and or nature of the organic matter between 
Entic and Typic subgroups of Vertisols? 

Abdulla: [le test %%as limited to major categori/a
tions at the great group level between Chromusterts 
and Pellusterts. Ihere was no attempt to distinguish 
color at the subgroup level. 

Comerma: Do voU have critical levels for Na that 
affect water no\emnent in Sudanese Vertisols? 

Abdulla: "1here is no well-chiaracteri/ed limit for 
sodiumi as yet, but good yields of cotton can be 
obtained at ESP levels of 25. When the ES P reaches 
the level of 35, yields become low. 

1-awando: Does deep plowving esery 5 %,carsin the 
Getira scheme increase the -' and [iSP in the sur
face soil by bringing tip salt from the subsoil' 

Abdulla: No deep plowing is practiced in the irri
gated Gezira scheme. lhe normal tillage operation is 
ridging (15 20 cii of tillage). No sign of deteriora
tion has been observed in (ieira after 60 years of 
irrigation. In fact, both EC and ESP ,alues are less, 
and the depth of maximum salt Accumulation is 
moving slightly down the profile. 
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Vertisols of Subhumid and Humid Zones 

R. Dudal' 

Abstract 

Itis estimated that Vertisols cover about 320 million ha ofthe world'" land area. They developed
under a verv wide ratige ol temperature and moisture re'itnes.Of'these 320 million ha, stratified by
temperature. 60(7 occur in the tropics, 30(7 in the subtropics, and I0 outside tiletropical
subtropicalbelt. Stratilied by moisture, I3r/ occur in the subhumid and humid zones, 65r, in 
semi-aridareas. I817 in arid areas, and 41. under Mediterranean climatic conditions. 

Vertisols in the subhumnid and hunid /ones show several characteristics related to the overall 
climate. Other'factors, such a.stexture. clay mnieraloy nature ol'the cation saturation,andalounl 
ole.chan, eabh sodiuin. houcy cr.hait an equall , inportantiniluence on soilniorphoo.'v, so that a 
correlation with climate i.dilicult to establish. Phvsical constraints to tillge and crop growth
plasticity. citusting. ratcrlo, in?- andpoor tralficability, arcmore pronounced in the hunidizones; 
on the other hand. s.~alinit'. sodiun saturation, and unreliable rainlill are less ofa halard. Vertisols 
in the subhurnid and hunid /ones hate been put to a wide ramee of land use: vet they olferconshterabhepotential liir the e.xpansiont and intensification oflagriculture. subject to thle application 

of technoloies designed to meet the specific Vertisol manag,ewent requirements in a humid 
en ironmnent. 

RWsumb 

Les Verfisols des zones subhunides el huntides : Oin estinie que les Vertisols couvrent environ 320 
se sont dclelopps dans 

galrnede rt!gimnes de tenperature. et d Yinihdit. f)e ces 320 millions d 'hectares,stratifies sur base 
de tenu rature,.((' se tiotent da. le.s tropiclues, .Lo)" 

millions d'hectares de la .suprliciedes terres di nmonde. fIs ine trtsgrande 

dans les rI.ions subtropicales et l0(, ell 
dehors de i lirnite tropicahc-subtr uicale.tratil&fs stir hbase de l'hurnidit3. I.?(( sc trolient dans les

0lones subhunidv et himrtide.. 65 , dans les rt'gions semi-arides. IS"('dans les lonesarideset 4(7 dans 
Ies conditions clitnatique.% mnsdicrraneenes. 

Oansles /ones subhunmide.s et huiiades, les Vrtlisolsprsentent qttclques caractcristiqueslies au 
chinat global. )'autres lhcteur.., tel.que hi texture. i ininralogie dc lar-gile. la nature de a 
saturation en cations et h qu.'!ntilt de odilmnlianleable. ont cependatt une influence tout aussi 
importatite sur Ia norpholoi du .sol. si bien qu "iec.s,dillicile d 'tablir un corramiori avec Icclirnat. 
Des contrainte.s ph*siqlue. au labouret i hi crois.sancedes rikcolte plasticit. erct'otitement,engor
gement et un ac'sdilficile en .'onees hunmides; d 'auttypart, i salinit),h .saturati en sodiun et les 
pluies irr,ulii'ressont des c'mntraintes noti.s prooncces.f)ans les /onc.s.suhhumides et humnides, les
Vertiols ont ti utilises de l,'aorn ttrs tiri~e; toutelis, ils offerit tinc'norrne potentiel pour
Iexpansion et Intteiisilication de I'agriclture. 'icondition que I'on v applhput des techniques
adaptces au.\ e.xlb'ncs spciillue.s de gc.stior de.%Ve'rtisols en nilieu ilt'rnic. 

. holsci ,,r, Sl (citg,,g ollof I cpiealPcglon,. 1"auh i(i trittph ,and AgrLctnlural Sciences. K tlhmike nimr, teLe.cen, 11-3031 
I Cvit . liigiln l 

I('RISA I (Ilc nallon.l(lops Iiealch Iitiite forthe Sell-Aiat rropci, 1989. .anigcnccri (if Vertisols [orilprioitiI agriculural 
prlodioll 111ict prtcedigs ofll SRAM Inaugiral VWirkshp. 1 -22 I cruar 5185. (RIS A I iCenter. India. Pancheru.A.P. 502 324. 
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Introduction 

Twenty years ago FAO published a review of the 
properties, distribution, and use of what were called 
"dark clay soils of tropical and subtropical regions" 
(Dudal 1965). This term covered .,oils of heavy tex-
ture that show marked tendencies to shrink and 
swell with changes in moisture content. In many 
parts of the world, these soils are known by various 
names, such as Regurs, Tirs, Gilgai soils, Black cot-
ton soils, Black tropical soils, Black earths, Smonit-
zas, Cracking clays, and Grumusols. The Seventh 
Approximation of Soil Taxonomy (US)A 1960J) 
coined the term "Vertisols" to group these soils in 
one order and under a common name. 

Global Extent of Vertisols 

In 1965, tie "dark clay soils of tropical and subtropi-
cal regions" were estimate(] to co, er 257 million ha. 
Although it was not possible to ascertain whether all 
these soils matched the definition of Vertisols, from 
available descriptions it was assumed that a majority 
correspo-, 'cd to the Vertisol concept. ")ark clays" 
were found to occur in 76 countries, with the largest 
areas in Australia (70 million ha), India (60 million 
ha), and the Sudan (40 million ha). Since this first 
review, ongoing surveys and the preparation of the 
Soil Map of the World (F/AO 1971-1981) have 
revealed additional or enlarged extensions of "dark 
clays" in Canada, China, Egypt. Ethiopia, India, 
Pakistan, Sri Lanka, the Sudan, Trinidad, tie Uni-
ted States, the USSR, and Veneuela. 

It is now estimated that "dark clays" extend over 
320 million ha, or over 2.4'j of the global land area 
of 13.2 billion ha. Byeliminating permafrosted areas 
and mountain regions from the total land area, how-
ever, we find these soils occupy more sizable portion 
of the arable or potentially arable lands of the world. 
The accretions of Vertisols are the most important in 
Egypt (none in 1965 to I million Ihaby 19811, Ethio-
pia (from 10 to 13 million), India (from 60 to 79 
million), the Sudan (from 40 to 50 million), the 
United States (from 5 to 9 million), and Venezuela 
(from I to 4.5 million), 

The land surfaces mentioned in these accretions, 
however, are not entirely composed (fIVertisoh:. In 
India, for instance, of the total 79 million ha in the 
"black soil region," 28 million are considered to be 
Vertisols, while the remaining surfaces are vertic 
subgroups of Ustropepts and Ustochrepts (M urthv 

et al. 1982). The proportion of Vertisols among the 
"dark clays" in Ethiopia, the Sudan, and the United 
States is likely to be much higher. For the U.S., for 
instance, tilefigure of 9 million hImight double if 
vertic subgroups were included (Nichols 1985). From 
a management point of view, the vertic subgroups 
present problems similar to those of the Vertisols 
and are, therefore, included in the discussion in this 
paper. 

With these additions, Vertisols are now spread 
over a very wide range of temperature regimes, from 
isoh3perthcrmic near the equator in Indonesia to 
frigid in the piedmonts of Montana in the United 
States. Nevertheless, we can still justil using the 
label "soils of tropical and subtropical areas," since 
192 million ha, (60(11 of the Vertisols occur in the 
tropical belt, 96 million (30%) in the subtropics, and 
only 32 million (10("i ) outside the tropical and sub
tropical regions. Vertisols are estimate(] to cover 
nearly' 4"i of the total land area in the tropics, and, 
hence, occupy an important place in the developing 
world. 
The 42 million ha of Vertisols estimated to occur 

in subhumid and humid areas 13% of the total 
Vertisols are mainly located in India (25 million 
ha), Ethiopia (5 million ha), Argentina (3 million 
haj, the United States (3 million ha), Venezuela (1.5 
million hit), and Indonesia (I million ha). Other 
countries wheie they occur are Brazil, China, 
Ghna, Mozambique, Sri l.anka, Thailand, Tri
nidad, and a number of central European countries. 
It is worth noting that in Australia and the Sudan, 
where large areas of Vertisols occur, only a fraction 
of these soils are located in subhumid or humid 
zones. 

Characteristics of Vertisols in Humid 

Environment 

Moisture Regime 

To ascertain the distribution of Vertisols in sub
humid and humid zones, we have used the soil mois
ture regime, as defined by Soil Taxonomy (USDA 
1975). Vertisols with an udic moisture regime are 
considered to be humid, and those with an udi-ustic. 
regime, subhumid. 

On the basis of the udic and udi-ustic separation, 
it appears that 13,'j.of the Vertisol areas occur under 
subhumid and humid conditions, 65% are semi-arid, 
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18% are arid, and 4% occur in Mediterranean cli-
mate conditions. In each of these zones, however, a 
common feature characterizes the moisture regime 
o. Vertisols-namely, a distinct alternation of sea-
sonal wetting and drying that results in a swelling 
and shrinking pattern, 

The criteria in Soil Taxonomy that subdivide Ver-
tisols according to moisture regimes include both the 
duration and pattern of soil cracking. In udic Vertis-
ols, cracks do not remain open for as many as 90 
cumulative days in most years, and do not remain 
open for as many as 60 consecutive days in the 90 
days following the summer solstice in more than 7 
out of 10 years. In some years, they may not crack at 
all. In udi-ustic Vertisols, cracks close once or twice 
during the ),ear. The cracks are open from 90 to 150 
cumulative days in most years, but remain closed for 
60 consecutive days or more in most years when the 
soil temperature at a depth of 50 cm is continuously 
above 8'C. 

One may wonder, though, if these cracking pat-
terns fully reflect the climatic conditions under 
which these soils occur and which are important for 
management and land-use purposes. In addition to 
the overall climate, the following flctors influence 
cracking: 
* clay content (which in Vertisols ranges from 30 to 

80 ' .); 
" clay mineralogy (it appears that Vertisols may 

crack with as little as 15%i of smectite in the clay 
fraction); 

" composition of the clay fraction, or the propor-
tion of fine to coarse clay; 

* saturation of the cation exchange sites (propor-
tion of Ca, Mg, Na, and K); 

" flood hazards; 
* presence and type of gilgai; and 
" rainfall pattern. 

Gilgai may cover from 10 to 70% of the land 
surface. It appears that cracking is more frequent in 
the depressions than on the mounds, so that it may 
be difficult to average the duration of cracking over 
a certain landscape. When the rainy season begins 
with heavy downpours, cracks fill up with waterand 
close entirely; however, if rain sets in with successive 
slight showers, cracks close only at tile surface. As a 
result of the subsequent slow infiltration, cracks may 
remain open in the subsoil. It should be stressed that 
Vertisols very much develop their own soil climate, 
which is drier than the overall climate because of 
strong evlporation through cracks, and which is 
wetter than rainfall may suggest as a result of water-

logging and low infiltration rate when the cracks are 
scaled. 

Moisture regimes of Vertisols may more approxi
mately be characterized by the length of the growing 
period, is defined in the FAO agroecological zones 
project (FAO 1978). Humid zones have more than 
270 days of growing period and correspond broadly 
to the udic moisture regime. The udi-ustic moisture 
regime corresponds to lengths of growing periods 
ranging from 210 to 270 days. Lengths of growing 
period of 180 to 210 days--partly typic-ustic
should probably also be considered as subhumid; 
otherwise, the semi-arid areas might be dispropor
tionately extended. However, it is beyond the scope 
of this paper to lay down the limits defining the 
semi-arid and subhumid zones. 

Morphology 

Attempts have been made to identify morphological 
properties that characterize subhumid and humid 
Vertisols. In the Sudan, where Vertisols occur overa 
wide range of rainfall in level topography and havea 
relatively uniform parent material, we may observe 
soil morphological features that vary with varying 
climatic conditions (Jewitt et al. 1979, Blokhuis 
1982). With increasing rainfall: 
0 cracks tend to be deeper and wider; 
0 the wedge-shaped soil structure is more distinct; 
0 surface mulch weakens and becomes thinner; 
0 crusting of the surface soil is more frequent; 
0 organic matter in the upper horizons is higher 

and color becomes darker; 
0 the content of soluble salts decreases; 
* exchangeable s'odium decreases or is absent; 
0 reliability of rainfall improves; 
* hazards of flooding increase; and 
• gilgais become more pronounced. 

However, it does not appear feasible to use these 
characteristics to differentiate Vertisols in subhumid 
and humid areas from those occurring under more 
arid conditions. Indeed, as tnentioned above, a 
number of factors other than climate influence the 
morphology of Vertisols. 

Color 

In Soil Taxonomy, Vertisols of the subhumid and 
humid areas are further subdivided, essentially on 
the basis of color of the surface horizons. The neu
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tral, pellic chromas are meant to reflect less-
favorable drainage conditions, while the higher 
chromas of the chromic subgroups are assumed to 
be characteristic of the better-drained Vertisols. 
Application of these criteria in soil surveys showed 
that these color differences were not generally corre-
lated with drainage conditions. In humid areas, pro-
longed periods of flooding were not necessarily 
reflected by pellic colors of the soil surface. Otiher 
classification criteria are currently proposed 
(Comerma 1984), which will include seasonal 
"aquic" moisture regimes in Vertisols. 

Other Properties Important to Management 

The definition of Vertisols stresses cracking, pedot-
urbation, and movement within the soil mass (slick-
ensides). From tlie point of view of management, 
however, other characteristics appear tol be more
important: 
* hardness when dry: 
* plasticity when wet; 
* very low infiltration rate when the surface soil is 

sealed; 

* 
 very slow saturated hydraulic conductivity; 

" compaction its a result of swelling; 

* available water capacity; 
* presence or absence of surace mulch; 
* sodium saturation; 
* possible salt content; 
* rooting volume: and 

* occurrence of permeable materials in the subsoil. 


It is imperative that these characteristics be taken 
into account, if not'in soil classification, at least for 
technical assessments aimed at evaluating the poten-
tial of these soils and at determining management 
practices. 

In the Seventh Approximation of SoilTaxonomy 
(USDA 1960), i distinction was made at the great 
group level between "grumic" Vertisols that develop 
a loose, porous, surface mulch of discrete, very hard 
aggregates and tle "mazic" ones, which, on tile con-
trary, develop a platy or massive surfjace crust that 
has uncoated silt or sand grains and that persists 
after drying. This differentiation was subsequently 
abandoned as it was felt to be influenced by manage-
ment and to vary from one year to another. In humid 
areas, however, tile crusting phenomenon seems to 
be more frequent and is important for the water 
regime of the soils concerned: it causes less water 
intake, more hazards of waterlogging, difficult til-
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lage, and poor seedbed condition.s. The relationships 
between crusting in Vertisols and other soil-forining 
factors point to an intergrading toward lPlanosols 
(Dudal 1973). Where thes have not been plowed, 
these soils may show a thin albic hori/on overlying 
heavy clay. 

While Vertisols make Up a relatively homogenous 
order in a taxonomic sense, they show a great diver
sit,. in chara cteristics that are of para'inount impor
tance for their wetting and drying and, hence, for 
their suitability foi plant growth. I lie ellectiveness 
of precipitation oIl Vertisols is strongly influenced 
by factors that determine water entry, water reten
tion, and renoval (f water when it occurs in excess 
of uptake capacity. [he latter factor is of particular 
imnportance in subhumid and humnid ,ones with spe
cial reference to tillage operations and soil aeration 
during the growing period. 

Management Practices and Land Use 

Management practices have been designed to over
come the physical problems of Vertisols. Since sub
surlace drainage is not feasible, as a result of very 
slow permeability, special attention has been given 
to surface drainage. (a tbered beds, ridges and fur
rows. bunding. and hroadhanks have been applied 
in a number )f countries, including Ghana, India, 
Indonesia, Irinidad, the United States, and Vene,,u
cla. For the selfli-arid tropics, IW('RISA I (Kanwaret 
al. 1982) has developed a technologyallowing Vertis
ols tol he cropped in both the dry and wet seasons. 
Ihis technology is conditiolned by a certain soil 

depth and a quantity (If stored available water, 
which covers the moist ure requirements of the dry
season crop. A dependable rainfall is needed for dry 
seeding, prior to the onset (Ifthe rains. lements of 
this technology might also he applicable in more 
hunid areas where tillage in wvet conditions offers 
particular diffic-ulties. Soil depth and water-storage 
capacity are major factors in 6etermining which 
components of this technology can be transferred. 

Vertisols in subhumid and humid areas have been 
put to a svide range (If land use. The larger part of 
these soils isstill used as pasture since constraints to 
tillage have prevented their cultivation in a number 
of developing countries. Under rainfed conditions, 
depending on the temperature regime, Vertisols pro
duce wheat, maiie, sorghum, soybeans, cassava, 
groundnuts, and pigeonpeas; under irrigation, Ver
tisols grow rice, sugarcane, and cotton. Irrigation 



management has to be adjusted to an initially fast 
infiltration through cracks, and a subsequent very 
slow and rather shallow uptake of water when the 
cracks are closed. Weed control offers problems in 
these soils because of their plasticity and poor tral-
ficability when wet. In the humid /ones, Vertisols are 
also used for forestry, lot instance, in Argentia 
Ghlna, Indonesia, and the United States. 

large areas of Vertisols ate still tutnsed and ol Iera 
potential for increased agricultural production. 
While dilficulties of farming on Vertisols are real 
enough and deser\'e attention, their ylvoiable lea
tures should be given equal emphasis: their high 
cation-exchange capacity, the high base saturation 
in a majority of these soils, the high \%ater-holding 
capacity, a la\ orable seed bed in the "'grutnic"soils, a 
certain stability with regard to fertility status, aind a. 
resistance to salinity haiards o\%ing tu tire sell-
tlulching process. With apprtopriate technologics. 
additional areas of Vertisols can be put into cultisa-
tion, while those already used call be tiade to pro-
duce higher yields. 

Conclusions 

The great variability within Vertisols ai d the wide 
range of climatic conditions trder which they Occur 
have been pointed out. This sariahilits should be 

fulls- considered when technologies or Co nierit., 
thereof are to be suicccssiiill% transferred. It should 
be stressed that s(icitiecuOitOiic issues, as sell as the 
technical aspects, inust be considered. Siue of farms. 
kinds of cropping systemris, asaiiability of labor and 

draft-anitnal poster, proximity oIfrarketring lacili-

ties, and Iood habits are all factors that may deter-

mine the success tr f!ilure ol a technological 
innov'ation. Althtgh \"ertisuls in subhuniid and 
huriid areas represent unly 131i ill the global extent 
of these soils, experience in these /ones isniltthese stills.pexperienceinhtAeseoirries isgainedgained 
considerable arnd could contribute substantially 

-\l iitiproirig arrinig fthese imprnart stil resources. 
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Discussion 
Sahrawat: What causes the dark/black color of 
Vertisols? 

Dudal: Several studies suggest that the dark color of 
Vertisols is due to the formation of clay/organic 
matter complexes in which the organic matter is 
absorbed on the clay surfaces or may even be chemi
cally bound to it. The presence of iron sulfides and 
manganese may also induce dark colors. 

Taimeh: The dark color might be due to a coating by 
manganese. This issue of black color is being investi
gated by R.C. Mackenzie (at the Macaulay Institute, 
in Aberdeen). 

Hawando: (1) Could you relate subsoil slickenside 
expression to the surface gilgai expression'? (2) Is the 
relationship between infiltration rate and water 
movement in cracks in the udic moisture regime due 
to lateral or vertical cracks in the profile? 

Dudal: (I) Subsoil slickensides are frequently 
related to gilgai. as it is seen that they are often 
parallel to wavy horizon boundaries in the solum. (2) 
Water penetrating through cracks does indeed move 
laterally through connected fissures, at least if pre
cipitation is sufficiently heavy to result in free water 
movement. 
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Vertisols in the Southeastern Mediterranean Region 

Awni Y. Taimeh l 

Abstract 

This paperdescribes the Vertisols of the southeastern Mediterraneanregions and their environ
ments. The climatein the regionischaracterizedhy a cool, rain' winterandahot, dr'summer nean 
annualprecipitationranges from 300 to 500 mm. 77 dominant minerals in the clay fractionare 
generally interstratifiedsmectite, vermiculite, and illite, with some kaolinite. The clay content 
generallyranges irom 60 to 80c7. 

The cropsgrown on Vertisols in this region are quite varied, ranging Ironi staple foods, such as 
wheat, barley. chickpea, and lentils, to vegetables and fruits, such as tomato, watermelon, and 
grapes. 

The majtorproblems encounteredin the use of thesesoils include low in/iltrationrate,high degree
ofcompaction,high Ca('O concentration,low level oforganicmatter,and deficienciesoftnutrients 
such as iron and ,inc. Propersoil and water management is a prerequisitefor achievingpotential 
productivity on the Vertisols ofthis region. 

Risum6 

Les Vertisols dans la region sud-est du bassin mditerranien Les Vertisols des rtegionssud-est du 
bassin minditerran~enet leurs environnements sont dccrits. le climat de cette regionest caracttris 
parun hiverfraiset pluvieux et par un it6 chaudet sec:les prbcipitationsannuellesmo'vennes varient 
de 300 ;i 500 mm. Les miniraux. dominants dans la fraction argileuse sont gibnbralenent de ]a
sinectite,de a vermiculiteet de Illite inter-stratilieesatec one certaine quantit de kaolinite. Le 
pourcentaged 'agile aricgrtncralenentde 60 ,i ,V'0. 

I)ans cette rigion. I 'utili.sationdes Vertisols est as.c/ varieallantdes alimnents de base comme le 
bk. I orge, Icpois chiche ct c's lentilles.aux Iunlvs et fruitsconneIa tomnate, Iapastquect/c raisin. 

Les problimes les plus inportantsrencontrislois de /'utilisation de ces sols comprennent uine 
infiltration trs lente, le haut degr de compaction. la haute concentration de (aCO lune faible 
teneuren mati'rcorganiqut/etIs carencesen d iutresclbtnentsnutritilfs telqueleklret le inc. Une 
gestion adequate du sol et de I'eau est nicessairv afin d;tteindre le potentiel productifsur les 
Vertisols de cette rcbgion. 

Distribution summer and isdefined as the xeric moisture regime 
according to Soil laxonomy (S)".IA 1975). Vertis

lhe Mediterranean region is typically characteri/ed ols occur within this moisture regime and also in the 
by the extremes ofa cool, rainyr interand a hot, dry torric moisture regime in E-gypt and Syria; they 

1 Soil Scientist. Department l Soil ad Irritalion. I ni%ersiN ol Jordan, Arirnman. Jordan. 

ICRISA I litternational C'rops Rescarch Institute or (tie Semi-Arid I9X9.tropcsj. Management of Vcrtisols for impros.ed agricultural
prod uctIon: prtoceedings of ar I AM Inaugural Workshop. 18-22 Ic:bruary 195. ICRISA I Center, India. Patanchcru, A P. 502 324, 
India ICIt ISA . 
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might occur, although they have never been 
reported, in the ustic moisture regime in the hyper-
thermic zone in Jordan. 

There is no accurate estimate of the area occupied 
by different Vertisol great groups and subgroups 
because no systematic soil survey has yet been 
undertaken in the Mc !iterrancan region; however, 
the following sections describe the Vertisols that 
have been identified in the southeastern countries of 
the region. All have line to very fine texture. 

I. Jordan 

Most Vertisols in Jordan occur within the thernfic 
temperature regime. The Xererts suborder is domli-
nant, and it is represented mainly by only orie of its 
two great groups. namely the Chromoxererts; sonie 
Pelloxererts have recently been identified in areas 
receiving more than 500 imm annual rainfall. Ihe 
following subgroups were identified, listed in order 
of the area they occupy: Typic Chromoxcrerts, Lntic 
Chromoxererts, and Palexerollic Chrornoxererts. It 

) -

1 5 

I-rbi d 

2. 
30 

7 
0 

fAmira n 

0 
Q • 

abba 

6properties: 

0 JORDAN 

09 

S0 
'eserch 

_ .,.cii: 
Fignre I. I.ocations of research stalions in Jordan. 

is suspected that Vertisols might occur in the hyper
thermic regime, but they have not yet been 
identified. 

Figure I shows the research stations located in 
Jordan. Sites 5 (Irbid) and 6 (Rabba) are both on 
Vertisols, and it is soils at these sites that are des
cribed in this report. 

2. Syria 

In Syria, Chromoxererts are the dominant great 
group. Vertisols, however, occur under different 
temperature regimes: Mesic Xererts in the south
ssest. and Typic Torrerts in the northeast. 

Chromoxererts occupy about Il~ of the whole 
area, and prevail in th extreme northeast and 
northwest and in minor associations with Xero
crepts. Annual rainlall %aries fron 430 to 470 nim. 
The dominant subgroups, listed in descending order, 
are as follows: l-ntic Chromoxererts, Typic Chro
loxererts, and Palexcrollic Chromoxererts (Ilaiwi 

1983, pp.207-211 . 

3. Egypt 

Vertisols in Igypt occur on alluviuni and within tile 
torric temperature reginie. The following subgroups 
are recogni/ed, listed according to their dominance: 
Typic Torrerts, Salic Torrerts, Sodic 'Torrerts, and 

Mollie 'lorrerts. 

Xererts and their Environment in 
Jordan 

( -enerall'. in- Xererts Jordan have the following 
high clay content, lowv organic carbon, 

lo\k infilitration rate. high %%atcr-lioldingcapacity, 
high cation-exchange capacity, low nitrogen con
tent. high P-fixation capacity, and high calciuni car
botaie content (uip to 30()1). Severe iron and zinc 
deficiencies occur at nany locations. Calcic horiz
otis exist in some locations. I lie Xererts in Jordan 
are hard to %eryhard \ hen dry and sticky when wet. 
Ihe erosion potential by wiater is \Cry high because 

of subsurl ace compact ion. '[lie cracks ire wide (5 10 
cin) and deeper than 151) cin in many cases. Strong 
slickensides nia\ occur at depths greater than 100 

slickensides also occur at a shallower depth in 
many locations. I'liere are no gilgai, lvhich might be 
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due to either cultivation processes or the young age 
of these Vertisols. The Appendix provides several 
profile descriptions that exenplify these properties. 

Some properties noticed on these Vertisols worth 
mentioning are: 
I. 	 In almost all the Xererts studied, slickensides 

occurred only below a depth of I00 cm. 
2. 	The slickensides were well-developed intersects 

and covered both sides of the ped when the strUc-
ture was strong angular blocky. Further, when 
the structure was angular from the top of tile 
subsurface downward, the slickensides were bet-ter expressed than when tile dominant structure 

was prismatic structure breaking to blocky 
structure. 

3. 	In some of these Vertisols. the cracks below a 
certain depth do not close as expected during %%et 
spells. 

Vegetation 

The natural vegetation inthe Vertisol areas of .hor-
dan has been destroyed due to cultisation and 
human use, Most, ifnot all.the Vertisols are used to 
produce economic crops. Iloc\cr, the natural tree 
species bordering the Vertisol areas wrhere cultika-
tion is p lohibited might include the following: I'inu 
haep'lnsis, Pitwisia atlama,P. wrelinthun.s. Q.-wr 
cus.callilprionm.s, Q. in/'itoria, Q. au.,gilp.and ACa-
cia f./riwe.iana. Among the brushes the following 
species were also identitied: I'1 tacia hntiscu.., 
Rham. tflilalae.sttna. Ioteriwu .pi/ nlo~su,and Cis-


Climate 

The dominant climate for Vertisols in Jordan is 
characterized by a cool, rainy winter, beginning in 
late October, with maximum rain falling in January 
and February. The rain recedes in May, and no rain 
falls in the hot, dry summer season (Fig. 2). 

The Vertisols are located in the /one recei,,mg 
300-500 tni of precipitation annually. NMean annual 
potential evapotranspiration is 1551 rn. FIlevation 
varies from 618 to 992 meters above mean sea level. 
lean raXililUfiand minimum air and soil tempera

tures for the stations representing the Vertisols are 
given in lable I. The lowest mean air temperature 
occurs in January (7.9 and 9.2 'C at Rabbiand Irbid, 
respectively), while tihehighest isin August (24.4 and 

- Mean annual rainfall 400 mm 
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Figure 2. Average monthly rainfall and potential 
evapotranspiration at Irbid research station in 
,Jordan. 

25.9"'C). Mean measured soil temperatare at the 
depth of 50 cm varies Irom 6.8 and I1.80 C inJanu

ary to 26.0 and 27.4 U in August. Mean summer air 
temperature (June, Jul% and August) 's 22.7 and, 
24.4:(': mean sutniersoil temperature at the51)-cm 
depth is 25.5 and 26.4 T. Mean winter air tenpera
ture (1)eember. lanutary, and February) is 8.9 and 
10.1' C,%\sile mean %--intersoil temperature at 50cm 
is11.5 and 12 7 C. Mean annual air temperature is 
16.3 arid 17.6' C.Mcan annual soil ternperattir at 50 
cot is 18.7 and I9.8 C. 

Geology 

Vertisols in Jordan are found on hard limestone 
from the lower lTertiary or tipper Cretaceous Period, 
or on basalt from the undifferentiated Quaternary 
Period. Colluviurm deposits, originating from these 
geological formations, developed the soil profiles 
described in tileAppendix. lhey occur on flat, 
slightly undulating topography and were not identi
fied on higher slopes. Accordingly, they (lid not 
develop in . and parent material foes not exist in 
the C horizon of these profiles. The color of the 
Vertisols that developed on hard limestone is red
dish, while those on hasalt are dark reddish brown. 

Mineralogy and Soil Formation 

The dominant minerals in tile clay fraction were 
found to be interstratified smectite, vermiculite, and 
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Table 1. Meteorological data for irbid and Rabba stations, Jordan. 

Research 
station 

Elevation 
(M) 

Annual 
rainfall 
(mm) Period 

Air temperature ('C) 
Max Min Mean 

Soil tempera
ture at 50-cm 
depth (°C) 

5.1 Irbid 2 618 410 May-Oct 28.8 17.2 23.1 25.1 
Nov-Apr 16.8 7.5 12.3 14.6 
Annual 22.8 12.3 17.6 19.8 

Summer (Jun-Aug) 30.2 18.6 24.4 26.4 
Winter (Dec-Feb) 13 9 5.7 10.1 12.7 

6.1 Rahba .1 920 300 May-Oct 27.3 15.3 21.3 24.1 
Nov-Apr 15.6 6.9 11.2 13.5 
Annual 21.4 11.2 16.3 18.7 

Summer (Jun-Aug) 22.8 16.6 22.7 25.5 
Winter (Dec-Feb) 12.7 5.2 8.9 11.5 

I. Number indicates location on Figure 1. 
2. 32°33N: 35051T. 
3. 31'16'N: 35'16Ti. 

illite, with some kaolinite. lhere were no major 
differences in the composition of the minerals 
between Xcrerts that developed on hard limestone 
and those on basalt associated with limestone. The 
degree of interstratification of the smectite (with 
illite and vermiculite) in these soils was found to 
increase with depth. 

X-ray analysis indicated the presence of several 
minerals in the silt fraction. Among these minerals 
was illite, wh,,e abundance was higher in the sur-
face. The occu:i ence of both illite and quart/ was 
attributed to the acolian activities. Moreover, the 
occurrence of the palygorskite and the plagi oclase at 
the surface associated with the silt fraction was con-
sidered as a good evidence of the prevailing aridity 
during past ages. Quart/, plagioclase, and kaolinite 
were also uniformly distributed in the upper layers. 
Interlayered sniectite or vermiculite were also identi-
fied in the silt fraction, and were found to be concen-
trated in the surface layers. 

These soils have a very high clay content 
(60-80(',). The variation of clay content with depth 
(Table 2) strongly suggests differential movement of 
clay within tile soil profiles. To a great extent, this 
high clay content hinders the downward movenient 
of clay, so the difference in clay between tie surface 
and subsurface is not unexpected. In this respect, 
two hypotheses are advanced: 

i.The fact that these Vertisols are located in a 
highly erodible /otie (after the formation of tle 

Rift Valley bordering these soils to the west) 
suggests that i large portion of the soil surface 
has been eroded. Thus, the large difference 
between the clay content of the surface and sub
surface horizons was minimied. 

2. 	In an independent study of the area where the 
Vertisols are located and which included some of 
the Vcrtisols reported here, it was found that the 
soils in these areas were subject to four different 
stages of soil foriation under the following cli
nates, which apparentiy began to affect the area 
during the Pleistocene L.poch(Tainieh 1984). The 
last two of these climatic changes were: 
a. 	During the early Pleistocene, humid climate, 

the soils developed it high clay content and 
features such as clay films, differential clay 
and carbonate distribution, calcic horions 
located below 100 cm, and an abundance of 
secondary calcium carbonate concretions in 
many of them (Ta imeh 1984). 

However, due to development of the 
shrinking and swelling potential later on, 
most of the features associated with the 
downward movemnlent of clay were destroyed. 
The presence of these features was confirmed 
on soils occurring in association with Vertis
ols tinder a!most the same conditions (lanious 
1984). Moreocr, some of these Vertisols have 
a strong clay orientation at the bottom of the 
profile, which strongly suggests that the clay 
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Table 2. Distribution of sand, silt, and clay in the soil profile, before and after removal of carbonate, and distribution of
carbonate in different particle-size fractions of the soil (Xererts in Jordan). 

Particle-siie distribution () Carbonate distribution infractions 

Profile )epth Carbonate rot removed Alter removal of carborute (c of original soil)

No.' Horizon 
 (cm) 	 Sand Silt Clay Sand Silt Clay Sand Silt Clay Total 
3 Ap 0-40 5.7 42.4 51.9 4.0 37.9 58.1 2.5 12.7 5.1 20.31321 40 90 6.8 34.3 58.9 33.63.1 63.3 4.4 8.6 9.6 22.61322 90 1301 7.7 34.4 57.9 2.9 36.1 61.0 5.5 10.46.3 22.2

1B23 Ca 130 161 7.2 23.0 69.8 3.7 23.9 72.4 6.94.6 20.8 32.4 
6 Ap ( 10 4.8 32.9 62.0 2.8 31.2 66. 2.2 1.65.3 9.1 

!H21 10 50 4.2 27.4 72.3 2.4 25.4 72.3 2.1 5.7 I 0 8.71322 50 80 3.4 29.7 71.9 2.1 26.0 71.9 1.6 4.8 1.8 8.21323 80 155 5.7 23.4 77.8 2.4 19.8 77.8 4.6 1.94.5 10.0B24Ca '.155 10.1 21.6 76.9 3.3 19.9 75.9 6.17.4 1.3 14.8
 
7 Ap 
 0 21 	 6.3 35.9 57.8 3.2 29.8 67.1 4.0 13.6 9.3 27.0

B21 21 85 5.1 27.5 67.4 2.9 24.0 73.1 3.0 7.7 15.4 26.1122 85 133 7.5 22.2 70.3 4.1 22.7 73.2 4.5 5.9 16.6 27.01123 133 175 8.6 20.2 71.2 2.5 16.5 81.0 6.9 8.2 15.2 30.3 
8 	 Ap 0 M 6.9 30.7 62.4 3.4 28.0 68.6 3.9 4.1 1.6 9.6


1321 I0 70 5.1) 30.1 65.6 
 3.6 24.1 72.2 1.7 7.2 i.1 10.01322 70 130 .3 26.9 66.8 2.8 24.,2 73.0 3.8 4.5 1.3 9.6H323 130 180 9.3 27.2 63.6 4.2 24.2 71.7 5.7 5.2 1.4 12.2111324 .180 11.7 29.7 59.6 5.4 17.1 77.5 6.7 16.7 1.8 25.2 
1. Particle-swe, fc tlions satfid, .01 05 oam; %,, 0(I 154)1M2 lin.ll c'lh , • ) M12 nilt 
2 Source .	 ll L tl0 194 tor a decrlpturr ol each protfie. ,cc ASppendi. 

had noved do%%nsard. leaching. "he questions that then arise are: At whatb. After this humid period, the climate became time did leaching occir? Is it due to the past or
drier. It is 	 estitnated that this change began present climates? If it is due to past climate, did itabout 5000 10(10 B.C. and is still continuing. have an,' effect oti soil behavior important to soil
During this episode, and due to wind erosion, management' Consequently, does it have to be
the calcareous silt began to accutnulate at the reflected in the classification at some lvel? If this
surface (see Table 2). leaching pattern is attributed to the current climate,

At the same time as the last episode, the soil's bearing in mind that the existing water balance does
reaction became tmore basic, and the content of tihe not greatly support the occurrence of the calcic
swelling type of minerals increased. Fhe increase in hori,'on at that great depth, it is probably better to
shrinking and s"elling and the enrichtnent of'carbo-
 redefine the parameters for determining the mois
nate, in addition to the desiccation, have aided in the ture regime in Vertisols. 
destruction of many of the pedological feat ures asso
ciated with the downward movements of different 
soil components. With this in nmind, we might
wonder wkhether leaching really takes place in Vertis- Land Use of Verti,.ols in Jordan 
ols, as suggested by the data itn 1a ble 2. Except for 
those soils with calcic horiions, Vertisols show a Field Crops 
uniform distribution of total carbonate, but if we 
consider the carbonate associated , ith the clay, then Field crops grown on Vertisols are: 
we could say that this pattern has resulted from * Winter crops: wheat, barley, lentils, vetches 
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" 	 Summer crops: tonmato, watermelon, chickpeas 
* 	 Trees: olives, grapes, etc. 

Farming Systems 

Rainfall distribution and its great variability has 
precluded introduction of a sound farming system 
into the Jordan Vertisols. However. sone advance
ments have been achieved in the last years, vith tile 
use of modern machines and the addition of lertili,
ers. Soil-conservation measures, such is stone or 
earth terracing to control water erosion or for soil
moisture conservation, hae been carried out spo-
radically in some areas. Oin farmrs, a disk plow or 

moldboard plow has bccn used forseedbed prepara-
tion. Seeding is done by seed drill. Sonctimes a 
disk-harro\ is used before the first rain. usually in 
October, to incorporate plant resitluc,, and to 
increase infiltration. I lowceer. not much of the plant 
residue is left in the field because it is usually Ifd to 

animals. Nitrogen fertili/cr is added, and a simall 
number of Iarriiers add phosphorus, but 1to ptas-
sium. Fertilier usually is added oil]v to inter 
crops, due to the occurrence of rains then. 

The major problems experienced ini managing 

these soils can be sunmmariicd as followks: 

1. Low infiltraoni rate, which increases tle runoff 
and decreases the satcr stored, especially during 
heavy storms. 

2. 	High compaction, which greatly affects root dis
tribution and dcclpuient. 

3. 	High calcium carbonate. and, thus, a high capac-
ity for P-fixation. 

4. 	Very deep cracks, which greatly affect tile 
st iiner vegetables or tie trees grown on then. 

5. 	Iron and /inc deficiency (other micronutrients 
have not been investigaled in detail). 

6. 	Low organic Matter and. consequently. lo\ nit-
rogen content. 

7. 	High \water-holding capacity, but lo\ availability 
of water. in addition to lo\ rainfall in tile /one 
where these soils occtr (laimeli 1984, Ilaiski 
1983, .Jalous 1984). 
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Appendix 

Profile No.3 

General information 

Classification: Very fine, sniectitic, thermic, Typic 
Chromoxererts 

Location: 32' 33'N; 350 51'E 

Present land use: Summer, winter crops 

Time of sampling: July 1981 

Relief: Level site through undulating area, 1-3% 
slope. 

Parent material: imestone associated with ba-salt
derived colluvium material. 

Climatic data: Potential evapotranspiration is 1600 
mm a-1. [he annual precipitation is 300 am. Tile 
amerage air temperature during .January is about 
10 C.. and during Jlunc 24 26 C. 

Remarks: Colors are for moist soils unless otherwise 
noted. )epth of cracks is 160 cm. Width at the 

surlace 7 10 cm. 

Profile description 

A 0 411 cm: I)ark reddish brown (5YR3r4), clay, 
large clods that break to weak coarse subangular 
blocky, t. hard, friable to s. firm, s.plastic, common 
to many fine roots, sorme angular limestone gravels, 
small rounded basat fragments. clear boindary. 

112 1 4(1 91) ci: l)ark reddish brown (5YR3 4). clay, 
strong \ery coarse prismatic breaks to angular 
blocky, extremely hard, s. firni, sticky, plastic, few to 
commolt fine roots, distinct \cry few medium white 
carbonate concretions. cla' and oxide coatings (riot 
pronlinent), ertical pressire face of about 70 cn. 
difftse boundary. 

B22 9) 131 ctil: Reddisl brown (5YR4 4), clay, 

strong, \cry coarse prisiatic, breaks It) angular 
blocky. cxteiiiel\ ha rd,s. firii; sticky, plastic, few to 

cormion fine roots, distinct few to conimon coarse 
white carbonate concretions, clay and oxide coat
ings (not promiinent), gradual boundary. 
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B23Ca 130-161 cm: Yellowish red (5YR4/6), clay, 
strong, very coarse prismatic breaks to angular 
blocky, v. hard, s. firm, sticky, plastic, few fine roots, 
many coarse white carbonate concretions (promi-
nent secondary carbonate accumulation), promi
nent clay and oxide coatings, faint organic matter 
coatings, oblique intersecting slickensides. 

Profile No.6 

General information 

Classification: Very fine, smectitic, thermic, Typic 
Chrom oxererts. 

Location: 32' 33'N; 350 51'E 

Present land use: Summer, winter crops 

Time of sampling: .uly 1981 

Relief: Extensive flat plain, I -2 ' slope. 

Parent material: Colluvium material derived from 
limestone associated with basalt. 

Climatic data: The average annual precipitation is 
about 300 400 am. The average air temperature 
during .January is about 10°C, and during June 
about 24°C. Potential evapotranspiration is 1600 
mm a- 1,and mean aomual air temperature 17 18'C. 

Remarks: Colors are for moist soils unless otherwise 
rioted. 

Profile description 

A 0-10 cm: Dark reddish brown (5YR3,,4), clay, 
moderate medium subangular blocky, extremely 
hard. friable, sticky, plastic, few fine black concre. 
tions, oxide and organic matter coatings, clear 
boundary. 

1321 10- 50 cm: l)ark reddish brown (5YR3 4), clay, 
very strong very coarse angular blocky, extremely 
hard, friable, sticky, plastic, few fine black concre-
tions, oxide and organic matter coatings, diffuse 
boundary. 

1322 50 80 cm: Dark reddish brown (5YR3/4), clay, 
very strong very coarse angular blocky, extremely 

hard, friable, sticky, piastic, few fine black concre
tions, oxide and organic matter coatings, many 10 
mm in diameter, hard limestone gravels, diffuse 
boundary. 

1323 80--155 cm: Dark reddish brown (5YR3/4), 
clay, very strong very coarse angular blocky', 
extremely hard, friable, sticky, plastic, few coarse 
white carbonate soft concretions, few tine black con
cretions, oxide and organic matter coatings, a lot of 
limestone and flint gravels, slickensides and pressure 
faces, abrupt boundary. 

B124Ca :.155 cm: Dark reddish brown (5YR3/4), 
clay, strong medium angular blocky, extremely 
hard, s. firm, sticky, plastic. common medium to 
coarse white soft carbonate concretions, few fine 
black concretions, oxide and organic matter coat
ings, some flint gravels, many slickensides. 

Profile No.7 

General information 

Classification: Very fine, smectitic, thermic Typic 
Chronoxererts 

Location: 32' 31'N, 35' 51'E 

Present land use: Sumt, er, winter crops 

Time of sampling: .July 1981 

Relief: Level-undulating with hilly surroundings, 
1.2*; slope. 

Parent material: C'olluvium material derived from 
hard limestone. 

Climatic data: [he average annual precipitation is 
about 300-400 mm. Potential evapotranspiration is 
1600 mm a- 1, and mean annual air temperature 
17- 18°C. The average air temperature during Janu
ary is about 10'C, and during.lune about 24- 26'C. 

Remarks: Colors are for moist soils unless otherwise 
noted. Cracks on 10cm wide and 120 cm deep. 

Profile description 

A 0-21 cm: Yellowish red (5YR4/6), clay, moderate 
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medium subanglar block' breaks to granular, hard 
to v. hard, friable to firm, stick', plastic, common to 
many fine to medium roots, clear boundary. 

B21 21-85 cm: Dark reddish brown (5YR3 4). clay. 
very strong very coarse prismatic breaks to angular 
blocky, extremely hard, v. firm, sticky, plastic, corn
mon fine roots, very few fine white carbonate con-
cretions, thin carbonate filaments, chert and 
limestone round-edged gravels, oxide and organic 
matter coatings, gradual to diffuse boundary. 

B22 85 133 cm: )ark reddish brown (5YR3 4), 
clay, very strong very coarse angular blocky. 
extremely hard. very firm. sticky, plastic, common 
fine roots, few coarse white carbonate concretions, 
few coarse black concretions, many small fragments 
t' chert, limestone and shell, oxide and orgaiiic 
matter coatings, 41 cii oblique intersecting slicken-
sides at 115 cm and pressure faces. diffuse boundary. 

1323 133 175 cm: l)ark reddish bro\\n 5YR3 4), 
clay, very strng 'er\' coarse angular blocky, 
extremely hard. %.firm, sticky plastic, cormion tine 
roots, common coarse %hite carbonate concretioics. 
commoln coarse black concretions, clav. oxide aind 
organic matter coatings. 

Profile No.8 

General information 

Classification: Very fine. stiectitic, thermic, 'ypic 
Chrornoxererts 

Location: North%,est of the industrial city of Irbid 

Present land use: Summer, vinter crops 

Time of sampling: July 1981 

Relief: Flat-gentle sloping, I -3i' slgpe. 

Parent material: Colluviuml matcrial derived from 
limestone associated with basalt. 

Climatic data: 'Ilie aserage annual precipitation is 
about 300-400 mii. 'Ihie average air temperature 
during January is about 10" C, and during June 
24'C. Evapotranspiration is I600 mii a- I. Mean 
annual air ternperatLre is 18 200C. 
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Remarks: Cracks 7 cm wide at surface and 80 cm 
deep. Colors are for moist soils unless otherwise 
noted. 

Profile description 

A 0 10 cm: Dark reddish brown (5YR3 4). clay, 
moderate medium subangular blocky breaks to 
granular, v. hard. firm. sticky, plastic, few to corn
inon fine to nediim roots, clear boundary. 

1321 I10 70 cii: Dark reddish bio ni (SYlR3 4), clay. 
strong %rery coarse prismatic breaks to subangular 
blocky, extrernely h. r,, v. firn. sticky, plastic, soic 
chert and limestone gravels, diffuse boundary. 

1H22 70 130 cm: l)ark reddish brown (5YR3 4), 
clay, \ery strong very coarse prismatic breaks ro 
angular blocky, extremely hard, %.lirm, sticky', plas
tic, few litne roots, few line %khile calholnate concre
tions, lew line black concretions, organic matter 
coatings, gradual boundarv. 

123 130 180 ciii: l)ark reddish brown (5YR3 4), 
cav, c.ry' strong \crY coarse angular blocky, 
extieirelN hard, \. firm, stick', plastic, less fine 
roots. Colilon coarse shlte aind black concretions, 
carbonate concretions tire prominentl\ distinct, 
slickensides are obliuue co\ering hoth sides of the 
ped, oxide and organic matter coatings, abrupt 
boundar'. 

111124 • 181 cm: I)ark reddish blo\i\ (2.5YR3 4), 
clay, strong coarse angular block', \. hard, s. firm, 
stick', plastic, few line roots, fianvycoarse white arid 
black concretions, oxides and organic matter coat
ings, oblique 40 cii slickensides on both faces of the 
ped, flint and limestone gravels, basalt boulders are 
present. 
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Discussion 

Dudal: Is it common that xeric Vertisols are reddish, 
as it appeared from the photographs you showed? 

Talmeh: Mostly yes, if they had developed on hard 
limestone. But if they had developed from basalt as 
the main parent material, the color would be dark
reddish brown. 

Comerma: Do you have any suggestion on how to 
improve the definition of moisture regimes in the 
case of Vertisols? 

Taimeh: At the moment, no. But I think some Ver
tisols exhibit some properties that are not in har
mony with the laboratory measurements since they 
represent point estimates and, in many cases, the 
presence of cracks are not taken into consideration. 
Real measurements of some kind should be con
ducted in the field for a better approximation of the 
moisture variation and movement. 

Hong: In your presentation, you mentioned that in 
some soils, fixation of P is very high. You also 
mentioned that only a few farmers use P fertilizers. If 
the soil's P-fixation capacity is very high, without 
application of P fertilizer (at a reasonably high 
level), crop performance should be very poor. 

Taimeh: What I said was that we are trying to esti
mate the maximum P-fixation for various kinds of 
soils, and Vertisols are one of them. This isa labora
tory test, but in the field P-fixation is not very fast 
due to immobility and low moisture contents. The 
laboratory measurements indicate that the moment 
P contacts moist soil, fixation processes occur 
rapidly. Our Vertisols do have a high P-fixation 
capacity. 
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Behavior and Microstructure of Clay Water Systems 

Daniel Tessier' 

Abstract 

The clay-water relationship during desiccation and hydration is examined, and the organization of 
clay materials at diffcrent hydration stages is investigated, using pressure techniques. Scanning 
electron microscopy (SEA) and transmission electron microscopy (TEAM) observations were con
ducted, together with measurements such as low-angle A-rayscatteing. .Specialattentionisgiven to 
2:1 chs., especially Ca-smectites and Na-snectites. Those ch materials show a quasi-crYstal' 

internal structure, which is affctcd by rehvdrationalter the initialdesiccation, and pores ofabout 
I ipm size are a constant l'ature. Comparisons arc made with kaolinite, which has a cr stallite 
structure, and illites, which 1'hrmn crystallitcaggregates.In the latter case. nuch smallerpores were 
obsert ed. 77relore.the swelling and hydrationproperties ofa chv materialdepend not only on its 
internal organilation but also on its history and on stress conditions of the climatic origin. 

Rsum6 

Comportenent et microstructure du rapport argile/eau : L irticle examine le rapport argilc/eau 
pendant le dess&chenient vi 'hvdratationainsiqueI 'organisationdes lnatcriaux argileux ;) difftrents 
stades de Eh'vdratation en utihksant des technique.s de pression. l)es observations par la microscopic 
clectronique Abalavage (ShUM) et a microscopic 9lctroniquv de transmission (TEA) ont t faites 

avec des nesures telles quc Ia diltision ds ray'on.s ;anglebas. On a accord une attentionspcciale 
aux argiles 2.1. en particulier aux (a-smecties ct Na-stnectites.Ces argiles on! fne structure interne 
quasi-cristale,qui est af/c'tcc par a rchvdratation hiasuite du dessichement initial et sont toujours 
caractriscspar des interstices de I en viron. Elcs sont comparos A Ia ikaolinite qui a une structure 
cristallitiq uc ct a ." illites qui tirmntdes aggrgats cristal/iti ties. /)ans I' dernier cas. les interstices 
taient plus petit. L.s caract'ristiqtuesde gon/lnient et d'hYdratation des matbriaux argileux 

do'pcndent done non seulenent de leur organisation interne, nais aussi de leur histoire et des 
conditions de stress do'origineclimtatique. 

Introduction basic information that would help to achieve this 

goal could he provided by astudy of theevolution of 
One of the major needs in soil science today, and one clay material during desiccation and rehyd 'ation, 
which goes beyond the sphere of agriculture as such, using wcll-defired clay materials that make it "ossi
isa better understanding of the genesis and function- hie to isolate and nodify parameters and to sh( w the 
ing of specific structures of clay soils, both from a effect of each parameter on the system. 
pedological and agronomic point of view. Some It is first necessary to state why we need to study 

I.- SttIon de Science du Sol, Insiltute National de la Recherche Agronomique (INRA). 78001)Versailes. France. 

ICHISA I (tnternational Crops Research Institute for the Semi-Arid Iropics). 9M . Management of Vertisols for improved agricultural 
prodoction" proceedings of ;ianIHS(ANI Inaugural Works hop. 1X-22 Ichruary 19K5, ICtRISA I Center, India. Patancheru, A.P. 502 324, 
India. ICRISA. 
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clay materials. Clays occur as very small particles. 
Their nature at the structural unit level is relatively 
well known today, but their organization at a more 
microscopic scale, and when subject to more intense 
hydration, is still poorly understood. By identifying 
the various levels of the organization of clay mate-
rial, a better knowledge of the system in operation in 
this type of material can be developed. Secondly, it is 
difficult to fully control tile energy factors in the 
system when they involve very small stresses corn-
patible with the natural development of the soil 
structure and with biological activity in general. 

Further, when studying clay organization, it is of 
primary importance to consider the essential 
parameters of clay-water behavior. Clays need to he 
classified according to a coherent system, and the 
two criteria for making this classification are the 
type of layer and the electric charge it gives. It is well 
known that for a given clay, the type of cation which 
saturates the exchange capacity plays an essential 
role in the behavior of the clay towards water. The 
four main basic cations occurring in soils are Mg, 
Ca, K, and Na. The salt concentration of the intersti-
tial solution must be allowed to vary since concen-
tration exerts a significant effect on the behavior of 
some clay materials with water. 

Secondly, the problem in dealing with high water 
contents is how much water fills up the interlayer 
space and how much ol it fills the space between the 
particles that are not necessarily primary particles, 
especially in the case of' smectites and illites (Scho
field, 1934; Mering, 1946: Norrish, 1954: van 
Olphen, 1962; Quirk, 1968, [lenin, 1971 ). Character
izing the system organization at various levels is 
therefore essential for a more thorough understand-
ing of the clay hydration mechanism. Consequently 
two different methods are Used, namely Scanning 
Electron Microscopy (SEM) and Transmission 
Electron Microscopy (TEM), for observing samples 
and methods of measurement, such as low-angle 
X-ray scattering, to follow the evolution of the crys-
talline structure and clay particle size. 

In discussing the initial desiccation and subse-
quent rehydration of clays to determine the hydra-
tion swelling and mechanism of structure formation, 
we shall first describe the experimental procedure 
and underline the conditions under which materials 
can be compared with each other. Then we shall 
present the overall results on clay-water behavior 
and the evolution of the bulk volume and, finally, we 
shall consider the organization aspects of the clay's 
evolution. 

Experimental Design 

Stress Problem 

Earlier physiocochemical and crystallochemical stu
dies were conducted under conditions where the 
equilibrium frequently did not reflect the normal 
environment of clays in the soil. Soils should be 
regarded as strongly hydrated environments con
taining weakly bound water. The normal environ
ment of soils corresponds to an equilibrium relative 
humidity (Rt) exceeding 95% or even 98% (pF4.5 
and above). Such an equilibrium cannot be success
fully obtained by attempting to control the samples 
exposed to vapor tensions and, consequently, pres
sure techniques are required. Table I showsequival
ence between pF w:lter activity and air pressure 
applied to the samples. 

In otiler words, a sample subjected to agiven gas 
pressure provides evidence for the state of the water 
in the system. Besides desiccation and rehydration 
cycles--within a very small range of stresses--can be 
reproduced by subjecting the samples to increasing 
and decreasing gas pressures. 

The Use of Pressure Techniques 

In the range of high water contents, the sample size 
changes with the water content at equilibrium, and 

Table I. Levels of energy and ways ofexpressing various 
states of water in the soil, in relation to tile external pres
sure applied and the maximum size of the corresponding 
pores. 

Chemical 
Gass potential Maximum size 
pressure of the of the pores 
applied water Water filled with 
(bar) pF (J kg " 1) activity water (pm) 

0.010 I - I 0.999993 150 
0.100 2 10 0.999927 15 
I 3 100 0.99927 1.5 

10 4 1000 0.9927 0.15 
15.8 4.2 158) 0.9888 0.092 

100500
0001000 

55.7-
56 

100005(1000
-10000
-100000 

0.9270.695
0.484
0.484 

0.0150.0029
0.0029
0.0015 

Heated to 
105°C -7 -: 0 
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hydration increases as the sample size decreases. 
Further, it should be noted that experimental hydra
tion conditions are also a major factor. Thus, differ-
ent water contents are found, depending on whether 
the sample is hydrated progressively or suddenly. 

Adequate time should be allowed for equilibrium 
to be reached, taking account of the fact that this 
time varies with 	 tie pressure (Fig. I ). As a result, 
considering the state of the water in a clay-water 
system is not sufficient. It is also necessary to control 
the conditions leading to such a water content, 

Comparing Clay Materials 

Clays are known to differ not only in their structural 
type but also in their composition of the crystallo-
chemical. In dioctahedral 2:1 clays, the trivalent 
cations filling octahedral cavities are essentially Fe 
and Al. The volumic mass of a dioctalied ral clay like 
montmorillonite, which is an Al smectite, is 2.65 g 
cm -3 vs 3.20 g cur for nontronite. 

Consequ'ntly. for a given solid mass, the two 
clays develop a different surface area: 

800 m2 g-I for montmorilonite, 
650 n 2 g- for nontronite 

When comparing results from various clay samples, 
reference to solid weight or mass is inadequate 
because the volume occupied by the solid phase 
differs from one sample to another. On tile other 
hand, if we relate the results to the volune of solids 
(Vs), using the void ratio for the ,olule of voids and 
tile water ratio for the volume of water, we obtain 
realistic results. 

Rehydration 

-- iepF6-plx(direct) 

> 0.60 - Fdecreases 

0.50-


a 
.: ---.0 0.40

a, 

0.0 

I 

0.010 	 0.032 0.10 0.32 1.0 
P(bar) 

Figure 1. Change in the water content of Be'thonvil-
liers clay material during rehydration. 

Experimental Results 

Clay-water behavior and evolution of the 
bulk volume of clay materials 

Desiccation 

The results show the parallel evolution of tile water 
ratio and void ratio. They were obtained on <2 pm 
clay made homoionic in the presence of a given salt 
concentration. Initially samples were prepared as 
mechanically agitated pastes, and fhey were com
pared at constant 	V1. The stress wa plotted on the 
abcissa, and the ratios used for the major clay types 
were plotted on tie ordinate. 

At 1 =0.0010 bar, the Na-smectites prepared with 
a diluted solution were the most hydrated clays. The 
water content decreased in tile following order: 

Na and K smectites -. illites ., kaolinites 
At P= 1000 bars the boid volume of the samples 

was smaller as the clay was initially more hybrid. 
Finally, tie samples were water-saturated at 0.010 
bar. At higher pressures, however, the stress at 
which the air penetrates into the samples was smaller 
as the clay was initially less hydrated. 

The parallel e',olution of void volume and water 
content for the major types of clay was represented 
by shrinkage curves. The minimum vallies obtained 
were significantly different, ranging from e = 1.1 to 
e =0.35 for St-Austell kaolinite and Wyoming since
tite, respectively. It may be concluded that clays not 
only differ in their maximum water content but also 
in the lminimul volume that they can acquire. 

It will be noticed that changing the compensating 
cation or increasing the salt concentration has virtu
ally no effect on the maximum volume characteris
tics of kaolinites and illites. For smectites however it 
is necessary to consider all parameters. Thus, the 
water ratio obtained at P = 0.032 bar strongly 

as the electric layer charge increases (see 
Fig. 2). For Na-smectites prepared with NaC1 10-3M 
solution, the water ratio drops from 45 to about 10 
as the layer charge rises from 0.30 to 0.60. Conse
quently the layer charge is a major component of the 
behavior of snectite water systems. 

I can be further noticed that the difference in 
water content persists within a very wide range of 
stresses, especially at 1 -. 25 bars. Besides the nature 
of the exchangeable cation is also involved. For 
example, the water content in Bethonvilliers smec
tites decreases in tie following order: Na _ K > Mg 
> Ca. Renewed emphasis should be given to the fact 
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Figure 2. Water ratio (V-w/V-s) as a function of 
total electric charge of the layer for sodium clays, 
10- 3 molar NaCI at 0.032 bar suction. 

that differences in clay behavior are most significant 
at pressures <10 bars. 

Rehydration 

After examining the results obtained during initial 
clay desiccation, a phenomenon which occurs in 
nature (e.g., consolidation of a sediment or a mud), 
we shall now consider the second stage, namely rehy
dration, and first we shall examine the behavior of 
illite. After extreme initial desiccation correspond-
ing to a pressure of 10 and 1000 bar (to which the 
materials may be exposed in nature depending on 
the climatic conditions and depth in the soil), the 
materials were rehydrated. After initial desiccation, 
it appears that the material does not totally recover 
its original water content as only 30% of the water 
removed during desiccation was reabsorbed. Thus 
one single desiccation causes an irreversible change 
in the system. 

However, the results in each case were not 
obtained under similar conditions since the first 
desiccation occurred after mechanical agitation, 
whereas during rehydration hydration forces were 
the main active components. It should, therefore, be 
emphasized that mechanical agitation following the 
preparation ofa pastehasa majoreffect onthewater 

content of a clay material. Differences in water con
tent upon desiccation and rehydration occur 
because a certain amount of energy is provided to 
the system through mechanical agitation. Similar 

was observed for all kaolinites and illites,
 
whatever the exchangeable cation happened to be.
 

For smectites, however, it is necessay to distin
guish the various kinds of preparations used. In 
Greek Na-montmorillonite 10-3M NaCI, nearly the 
same water content was found after rehydration as 
during initial dessication. Thus mechanical stirring 
seems to play a more limited role in this case than it 
does in the case of illite. 

Ca-smectites, such as Wyoming montmorillonite, 
show a significantly different behavior from Na
smectites. Firstly, the sample is more dehydrated 
and so absorbs less water; and secondly, the initial 
water content is not regained. A similar behaviorwas observed in all Ca and Mg smectites. Thus the 

behavior of Caand Mgsmectites with waterdepends 
in particular on tile initial level of desiccation, and 
one single desiccation produced an irreversible 
change in the system. 

Now that the essential lines of clay-water behavior 
have been described, the simultaneous evolution of 
organization and clay-water behavior, as shown by 
smectites and other clays, will be examined. 

Evolution of Smectite: Organization 

in Relation to Clay-water Behavior 

Ca-smectites 

Clay-water samples can be characterized at the gen
eral organization level by using SEM, but they can
not be observed in the wet state unless the system is 
preserved. From an undisturbed sample, it is possi
ble to gradually replace water by methanol and then 
by liquid CO, that has been brought to such a 
temperature and pressure that the critical point is 
exceeded. Since the liquid and the gas have similar 
physical properties, there is no interface between 
them, and C0 2 can be extracted by maintaining the 
temperature above the critical threshold. After 
extracting the C0 2 the classical SEM procedure can 
be adopted. In this way, a kind of isotropic three
dimensional network, which bounds pores about 2 
um in size, will be found. 

Small samples of the same clay were freeze-dried 
by cooling with freon, which is itself cooled with 
liquid nitrogen. After freezing, which is the most 
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important phase, the network is observed to be 
oriented at P = I bar. At P = 1000 bars, however, the 
network collapses totally, yielding a perfect face-to-
face contact between the network constituents, 

In order to observe smectites under TEM, water 
was progressively replaced by methanol, and then by 
Spurr's resin. 	 The exchange occurred in a liquid 
medium so any variation in the bulk volume of the 
sample could 	 be prevented. After hardening and 
ultramicrotomy, the lattice images that correspond 
to each layer can be observed under TEM. At P = 
0.032 bar, about40 layers were found fora Ca-Greek 
montmorillonite. Evidence of internal discontinui-
ties were also noted. Nevertheless, it should be borne 
in mind that such organization is characteristic of 
the quasi-crystal as defined by Aylmore and Quirk 
(1971). 

Low-angle X-ray scattering, by means of the X-
ray synchroton at LURE in Orsay(Ponset.al. 1981), 
was used to characterize the system more accurately. 
This technique provided information on two levels 
of the clay-water system organitation, tle internal 
particle structure and the particle si/e. Figure 3 
shows the theoretical curves representing clay parti-
cles made up of 20-layer and 400-layer stacks, 
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Figure 3. Theoretical intensities expressed in elec-
tronic units corresponding to disordered particles 
made up to 20-layer and 400-layer stacks (Pons 
1980). 

This figure shows that the central part of the 
diagram (which scatters at small angles) depends on 
the number of layers making up a particle. However, 
as previously observed by Pons (1980), reflection 
001 reacts to both the disturbed layer stacks and the 
number of layers. This is not a turbostratic disorder 
related to layer translation along the a-b plane. 
Rather it results from a translation of the defects in 
the direction normal to the layer plane. 

From a practical point of view, adjusting a theo
retical model to tie experimental curve allows the 
number of layers of quasi-crystals and the transla
tion defects in the direction normal to the layer plane 
to be determined in both cases. 

Initial Drying 

In the pF range 1.5 4.0 (0.032 bar 10 bars) for a 
Wyoming Ca montmorillonite, the interlayer space 
with tile highest probability is 1.86 rm. This corres
ponds to interlaver spaces separated by 3 monomo
lecular water layers. 1.56 nin occurs ily at pF 6.0, 
corresponding to 2 water layers (d). lus, in the 
stress range . 10 bars (pE- 4.0). montniorillonite 
occurs as a stable hydrate. 

On the other hand, X-rays show that tie internal 
structure of the quasi-crystal is composed of sub
stacks of 7-8 layers separated by wider spaces (3 4 
nm), which are visible in [EM. This internal struc
ture of the quasi-crystal is a distinctive feature of 
Ca-smectites, and it has been confirmed by the 
methods used here. Itoweser, the evolution in size of 
quasi-crystals remains steady in tile range of pF 1.5 
to 3.0, and it reaches 225 layers at pF 4.0 and 400 

layers at pF 6.0. lbus, tile essential component 
involved in tile evolution of the water Ca
montmorillonite systen is the size of the quasi
crystal, whereas the internal structure develops only 
at a pressure exceeding about 50 bars (RH < 95%). 

Rehydration 

First we will consider the evolution of the general 
organization of the system dehydrated at pF4.0 and 
at pF 6.0, and then rehydrated at pF 1.5. In the case 
of Wyoming Ca-montmorillonite, the sample 
absorbs less water because it has been more dehy
drated (see Fig. 4). 

77 

http:Orsay(Ponset.al


Drying:, 1 
Rehydration:. 0.1 -- O.O1 bar 

a1.0--*0.01 bar 6•10 ---- 0.01 bar 
15 ,100-0.01 bar1000- 0 br --

I iexthe 

irg w t 


-

C 

Cure-3oless,c(te 

molar (m 

0.010 0.10 1.0 10 100 1000 


P bari) [ 
Figure 4.Effect of drying on the water retention 
dores not ocacumandte etWoemins oented.curess, tahe nwciur ohtie sem or ectili) 
near mlathr as tSEM 

The organi/ation of this clay isdifferent from that 
obtained during the initial drying. He isotropic 
organization that was present inthe initialdrying 
does not occur, and tte network re ains oriented. 
Besides, the network obtained seems more rctili-
near and thicker t los-ne dehy-clay has been moredrated; but tile pore size remains close to I pil when 

the clay isfcllytrchdrated. f p4 w hr 
Similar beha ior was obtained with liethonvilliers 

snectite becaus te i network isstronglyaggregated(about 5 particles) at pl- 6.0 to Ili 1.0."l-herefore, the 

pore size isquite constant (close to Iis)when clay 
isrehydrated at very low pressure. When observing 
the system change under la-angle X-ray scattering, 
d,/remains constant at 1.86 imirono pF 4.0, whichmeans that the absorption of wkater occurs without 
any change in tire interlayer hydration state that 
keeps 3 layers of"water. 

Similarly, after drying at pF: 6.0, the 3-layer 
hydration state occurs again at pF:4.0 and remains 
Constant. But here again, e~olution of the system is 
essentially reflected by the number of layers of the 
quasi-crsstals. After desiccation at ph"6.0, \we find 90 
liyers at pl: 1.5. \%hich is about twice as much as at 
pF 1.5 during initial desiccation. [Ius, for Ca- and 
Mg-stnectites. the eslttion of the water content 
during rehydration should be related not only to an 
irreversible change in orientation but also (and 

essentially) to the increased thickness of the quasi
crystals following the application of a very strong 
stress.
 

In the case ofsmectites, we can observe agenuinestructural aggregation. The use ofX-raysshows that 
internal structure of the quasicrystals does not 

change during initial drying as itdoes inrehydra
tion. towever, quasi-crstal size and, hence, the 

pora remains more or less constant (about I 
at pFI. 

oeNa-smectites 

Next 
we will consider tie evolution of Na-smectites.For this we will first examine Na-smectites in NaCI 

-
1t molar diluted medium and then the I molar 
preparation. ring initial drying, the general 
-organizationof smectites can be examined inrela

tion to the electric charge. Greek smectites under
 
display an isotropic organization similar to
 

that ofCa-montmorillonite,and the same is
true of
 
other smectites. Indeed such network-based organi

iation
ischaracteristic ofall smectites under SEM. 
dIow-angle X-ray scattering yields re most accu
rate picture of thie water-Na-montmorillonite NaCi 
10 molar systermn.The data relating to the evolution 
ofthe major parameters of the system were collected 
during initial drying and rehydration of WyomingNa-montmorillonite in 10- 1molar NaCI. 

Firstm , as found to occur in th rse nm,o4 

depending on whether the mineral 
 as undergoing 
drying or rehydration. From other reports in theliterature, [lie distance appears to be characteristic 

of the formation of a diffuse layer. Although the 
interlayer space changes considerably during rehy
dration scompared to initialdrying, the number of 
laners making up the network was found to rise from8 at pt: 3.0 (first drying) to 20 at pF 6.0, indicating 
that one of the major variables in a clay-water sys
tern is the number of clay layers forming one patti
tie. 'Ihis wkas confirmed by TEM. 

T1hus tile use of "IELM allows us to count the 
number of layers making up tile walls of the network 
in Greek Nii-montmorillonite NaCI 10- molar and 
hectorite. I here are about 10 layers in Greek mont
morillonite and about 5 in hectorite. This finding 
confirms the results obtained by low-angle X-ray 
scattering because the number of layers is main

-
tained. Ftoever, for 101molar preparations, the 
interlayer space drops to 1.55 nni. The salt concen
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tration parameter has not been considered here, but 
it is known that in the presence of ahigh salt concen-tration the water content of Na-smectite becomes 
similar to that of Ca-smectites.
 

SEM examination showed the 
 simultaneous 
changes in the water content and the organi/ation of'
Greek Na-monimorillonite NaCI I molar during
drying. This C%oiution issimilar to that for the same 
clay's Ca-nontnorillonite. IFM shows that 
increasing salt concentration causcs the number of' 
layers making tp the network to rise from 10 to 
about 30 40. I hcse results are in agreement with 
low-angle X-ray scattering dala, which further show 
that d ... , is equal to I.86 rn and, therefore, is 
similar to that ol Ca-montnmorillonite for I) 10t1 
ha rs. 

Organization of Other Clays-

Macroscopic Implications 


In St-Auslell kaolinite, the organi/ation of the sys-
teni during drying appears to he based on crystal-
lites. At ) m 0.J32 bar. the distance between 
cryeitallites is approximately I un. From 1) = I bartile crystallites are closer to each other (see Fig. 5).

During rehydration fron pF 6.0 to 1.5. the systen
has tile same compact state at pF 1.0 as at pF3.0. It 
may thus be concluded that the system does not 
reorganize yr much during rehydration,and this is 
confirmed b bulk \ohmle measurements. 

In Ca-kaolinite only one organization level, cor-
responding to the crnstallite, can be demonstrated. 
[ie pores between crystallites rettain very small in 
comparison witl those of, Ca-smectites. Besides,

crystallites 
are tile smallest particles that can be 
isolated from tile system inthis kaulinite, which is 
not tile case fur illite or glauconite. 'I-M examina-
tion of glaucoriite, for example, shows that the sinal-

lest particle that can be 
 extracted is a crystallite 

aggregate known as rnicrodomain. In a similar sys-

tern, say illite from Puyen Velay during rehydration, 
some macroscopic discontinuities representing 
domains can be observed under certain conditions 
due notably to tie formation of fracture planes,
which are sinmilar to shearing planes during rehydra-
tion. No pores I pm in size form in illite. 

Domains may form in MgCI,. CaCl:, and NaCI I 
molar-smectites and this is clearly visible in CaC,
and NaCI I molar-montmorillonite. It seems that 
true shearing planes, which bound domains, form in 
clays having CaCI,, MgCI., and NaCI I molar-
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Figure 5. Shrinkage curves for Be'thonvjlliers smec
lile and St. Austell kaolinite. 

charged basal surlices (Tessier, unpublished data).
In kaolinites (zero charge) and in Na-smectitces pre
pared with adiluted solution (i.e., in the presence of 
a diffuse double layers), shearing planes do not 
form. So it would appear that the macroscopic
behavior of clays depends largely on the clay organi
/ation at the first level, that is,at the crystalline level. 

Ilowever, considering the parameters related to 
crystalline structure alone is not sufficient. Vermicu
lite, for c ample, is an oriented network similar to 
that of Ca-smectites. Considering that the water 
content is very high (water tatio = 10) in Palabora 
.ermiculite, it is czar that the strongest hydrations
in clays are due to either the presence of one diffuse 
double layer between the layers (e.g., in Na and K 
smectites prepared with adilute solution) or to exist
ence of particles having a wide lateral -xtension in 
the a-b plane, as is the case in CaCI,, MgCI,, NaCI I 
molar-smectites, or in Palabora vermiculite. 

There is, however, a basic difference between 
sitectites and macrocrystalline vermiculite. The 
network-based system forms spontaneously again
only in smectites when the layer charge is low 
enough. For this reason, a network-based organiza
tion is mainly characteristic ofsmectites. The quasi
crystals are then sufficiently flexible so that pores 
approximately I pm in size can form. We may say 
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that the major result of this work was to provide 

evidence that pores of approximately Ipm can form 

during clay rehydration. However, such an organi-

zation cannot occur in kaolinites or illites due to 

insufficient extension in the a-b plane. The particles 

become so rigid that curving is prevented, 
It is thus clear that, in the range of high water 

contents, macroscopic behavior cannot be examined 

without considering the properties of the system at 

the crystalline level. Therefore, we have examined 

the clay-water behavior and changes in organization 

for each major clay material during drying and rehy-

dration, in relation to the parameters that are 

actively involved in such systems. 

Conclusion 

The initial purpose of this work was to obtain the 

basic information required to make a rational inter-

pretation of the behavior of clay materials in soils. 
First we need to define the behavior towards water 

of the major types of clay materials and their 

macroscopic swelling properties. Then we have to 

relate the behavior of such materials to some crystal-

lochemical and geochemical parameters and to the 

action of stresses. 
Some continuity should be established between 

the various organization levels from the structural 

unit up to the macroscopic organization of the mate-
rial. The specific action of each parameter on the 

characteristics of the system should be determined. 

The results obtained with various methods point to 

the overall coherence of various data provided by 

low-angle X-ray scattering, SEM and TEM observa-
tions, macroscopic examination, etc. All these data 

finally appear to be complementary, and they con-

tribute to a better definition of the clay rr-terials. 
However, a clay material cannot be adequately 

defined unless the structural unit of tilelayer aggre-
gation and the major types of particles that charac-
terize this system are taken into account. Clays may 

have the following structures: crystallites (kaoli-

nites), crystallite aggregates (domains in illites), or 

quasi-crystals (smectites), which means that we are 

dealing with particles of variable size, depending on 

all the environmental para meters. 
The evolution of the water content of a clay mate-

rial actually reflects organizational changes, which 

may occur at 3 levels: 
arrangement (orientation-disorientation); 
particle size (following the a, b, and c planes); 

internal particle structure (variable in interlayer 
space distribution). 

Under conditions compatible with biological 
aotivity, the arrangement and size of the particles are 

the parameters most likely to evolve. Thus in most 

soils an evolution of the water content does not 

cause significant modification in the interlayer 

space. 
On the other hand, the swelling and hydration 

properties of the clay materials are closely related to 

their "history", i.e., to the various successive stresses 

to which they have been previously subjected. In 

other words, clay behavior should not be identified 

exclusively on the basis of the nature of the clay or of 

its geochemicad environment. It is also necessary to 

evaluate accurately the stress conditions, and these 
may be of climatic origin (as examined in this paper) 

or mechanical origin (requiring further study). This 

means that various mineralogical, geochemical, and 

physical parameters need to be considered simul.. 

taneously in order to determine accurately the gene

sis, behavior, and functioning of a clay soil. Only by 

considering all the parameters involved can an over

all strategy be developed for the study of clay soils or 

any other kind of soils. 
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Vertisols: Some Research Avenues for their Management
 

A. Ruellan' 

Abstract 

Recentresearchinsoilscience hasshown that(i)the soil mantleis an organized,dynamicsystem, and 
(ii)soilcharacterizationmust take into accountthe threespatialdimensionsandthe time dimension. 

A review of the literatureon Vertisols reveals that few works address these points.However, two 
majorstudies in West Africa have shown that Vertisols can originate under either (i) an arid or 
semi-arid climate by direct differentiation on basic rocks, or (ii) a semi-arid climate by clay
il/uviationin the lowlands. These differences in originhave to be consideredin soil managementof 
Vertisols. andshould he in vestigated thoroughly in othersoil systems. 

R~sum 

Vertisols- certaines possibilifits de recherche pour leur gestion : Les recherchesconduites r~cem
ment sur/a sciencedu sol ont montre quc (i)1ent'eloppedu sol est un -,vstcmeorganis6et dynamique, 
et (ii) la caracterisationdu soldoit tenir comptc des trois dimensionsspatialeset Ia dimension du 
temps.
 

ine revrue de lIa bibliocraphie ur/es Vertisolsr 
vle qu 'i/ya trspeu d'ouvrages quiabordentces 
point.;. Cependant. deux principales Modes en Afrique de I'Ouest ont montre que les Vertisols 
peuvent &tredtbrivisdans les climats soit (i) arideou semi-arideparla diflrntiationdirectesur les 
roches ignes. ou (ii) seini-aridepar 1iluviation argileusedans les bas-fonds. Ces dilfkrences dans 
/'origine doivent ctre prises en consid&ationdans la gestion des Vertisols ainsique dansd 'autres 
sVstntnes do sol 

Introduction usually progressive and nonuniform. This means 
that studying the soil in the landscape should go

Soil, a constituent of the earth's crust located at the beyond considering the soil unit, described accord
lithosphere-atmosphere interface, results from ing to its reference soil profile, to investigating the 
phenomena that generally occur over a very long distribution and succession of the horizons consti
period of time. Its dynamic characteristics are based tuting the tridimensional soil mantle. 
on transformations and transfers of matter, result- Two basic pedological concepts were recently
ing from biological activity and fluid movement pro- developed as a result of research in this area, namely:
duced by hydric and thermal conditions. Hence, soil 0 The soil mantle is an organized, dynamic system.
has a spatial extension arid there is linkage between Its originality, as compared to other mineral or 
its various elements, biological systems, consists in its specific organi-

Apart from a few specific cases, the transition /ation and dynamics.
between one type of soil and neighboring soils is * The characteristics of a soil are determined by 

I. 	 Director General, OfIice de Ia Recherche Scientifiquet Technique Outre-Mer (ORSTOM. subsequently renamed InsiiutI Franqais de 
Recherclhe Scient iique pour le I)'Dccloppmenit en Cooperation), 213 Rue La Fayette 75010, Paris. France. 

ICRISA F (International Crops Research Institute for the Semi-Arid Tropics). 1989. Management of Vertisols for improved agricultural
production: proceedings of an IIiSRAM Inaugural Workshop. 18-22 February 1985, ICRISAT Center. India. Patancheru, A.P. 502 324, 
India: ICRISA'. 



three spatial dimensions and one time dimension, 
the latter being the age of its constituents. 

Soil as an Organized and Dynamic 


System 

The soil mantle (which includes the mineral and 
organic constituents and also the liquid and gaseous 
phases) is an organited system. This means that its 
components are not put together randomly, but are 
arranged both ertically and laterally, which gives 
the soil its morphology. This morphology can he 
observed and described from an ultramicroscopic 
scale to landscape dimensions. One of the iain fea
tures of a soil is determined by the arrangement of 
the porosity within its constituents. Porosity plays a 
major role in tie dynamic properties of the soil 
infiltration, gas diffusion, and solute transfer and 
,:onsequently in the behaior of a soil in relation to 
plants. 

Since variations in tilesoil are continuious, it 
would at first appear diflicult to study it by exarnin-
ing asuccession of soil profiles, \hich might gise tile 
impression of artificial discontinuities. Soil does 
have a number of' nonhologeniOus as k%ell as hono-
geneouS tories, anid ii thoiroughl examination of the 
soil should first ain at identifying and describing 
both types of ,one and at establishing their geomuet-
rical relationships. 

Finally soil is a dvnanic material arid contiru-
ously undergoes changes %%ith regard to eliiiation, 
illuviatiorn, biological transfornations, and tire 
chemical and physical modification, of its 
constituents. 

Soil as a Four-Dimensional System 

In its spatial dimrensioi. soil organiation (basic 
assemblages aid horiton assemblages) can be 
related at all levels of tilelandscape, and often rer 
great distances. Ihese relationships result Ironm the 
vertical and lateral transler of matter \ihin the soil 
mantle, and they relate the genesis of the dilferent 
soil asseriiblages to their d niairi. properties. I lie 
observed lateral and sertical differentiation is 
mainly linked to the landscape (upland tr lowland) 
arid gives rise to what is usuallV called a, 
toposequence. 

Soil organitatiir is also related to tithe, which 
ineanis that in the sarie site very diflerent features 

may occur from one period to the next. F-'or exam
pIC, the various soil features observed i I ,geo
logically homogenous toposequence can, in ih,cl, be 
the stages ofa single evohition. Therefore, it is essen
tial to try to Understand tilespatial and historical 

relationships that e.\ist between the soil organita

tions of a particular area, sinrc these itionships 
define the soil units of the area. Ihese units are not 
characteri,,ed by a "soil type" or by several related 
soil types, but by sariations in the soil orgniiation 
and structure of the soil mantle. 

Applications to Vertisols 

Numerous sonil studies have been carried out on 
Vertisols, as \%ell as on tilesertic subgroups of other 
orders. These include: 
0 Morphological description of tilesoils and of 

their distribution in the landscape. as ielated to 
ensironmental factors such is climate, rocks, an 
%Cgetation. 

* 	 Investigations of the constituents of tie soils, and 
iiuparticular (,Ithe clay materials. 

0 Chernical, physical, and mechanical characteri
tation of various types of Vertisols and of \ertic 

htori/tns. 
0 	 (haractri,/ation of the moisture regine in rela

tion tii the structural properties(e.g. swellingand 
stability).
 
Ihe lollo\ing obsersations can he made trom at 

revie\ of the literature on Vertisols: 
* 	 Ilnlost Cases, studies on Vertisolsand vertic soils 

base been condicted oilsoil profiles or pedons. 
Very little \srk has been carried out on the spa,
tial and historical differentiation of \'ertisuls, or 
on the relations bett\een Vertisols arnd other soil 
types within a particular landscape. 

0 	 Although Vertisols base been adequately des
cribed arid tmeasured at tilemacroscopic and 
riicroscopic scales, fewv studies base been con
ducted at the ultramicroscopic scale, \ihich is the 
scale at which most constituents of Vertisols, and 
in particular clay rminerals, can be observed. 

* 	 Iinally. tmuchl remains toibe done to achie\e a 
better understanding of tIre dynrarnic properties 
of Vertisol systrns. 
FIroni this rcie\, it can be seen that studies oin 

Vertisols. which relate to their spatial and historical 
differentiation, their iltranicroscopic organitation, 
or the dlynarnic properties of their systems, should be 
enhanced in soil research programs. lhe type of 
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results that can be obtained are indicated in two 
examples of work on toposequences. including Ver-
tisols, recently conducted in Africa. 
Two major types o1 toposequences have been 
identified: 

T %%here iluimial clay horizons areToposequences 
minimal whatever the topographical position 
(loulet 1974) and clay minerals are found 
throughout. The Vertisols are %%elldifferentiated 
and occur in the lower part of tlie landscape. 
while the ,ertic subgroups deelop oil tie higher 
part of the slopes. Ihtey are found in tie driest 

)ties of Africa, . ;ainly in the Sahel. or on basic 
rocks which are mostly basalts. In these sequen-
ces, fersiallitic or eutrophic bros n soils (Ilutlo-
pepts, Ustropepts, Iropaqualfs, and Ilaplustals) 
are related to \ertisofls and sertic soils. Ihese 
sequences are knon itot only in tropical and 

mediterranean Alrica hut also it) Australia, 
Bra/il, and other parts of the world. lit this con-
text, \within geologically homogenous landscape 
units, Vertisols and \ertic soils call occur ill dit-
Icrent topographic positions. IIo%,eser, the nor-
nial evolution of these syslems s the deselup:t:nt 
of vertic leatures, and the dillerent soils enl(oon-
tered on the toposetfuences represenl Various 
evolutionar. stages of the system/s. 

* 	 Very differentiated tolp)osecices relating high-

land and bleached soils. solodi/ed solonet/, to 
lowland Vertisols. I\osucfi sequnentes hie beei 

studied in detail it (had ( lhocqulcr 197 1. s,here 
the following leatures hate been oiotlf: 
* 	 the high parlrs of the seqLientes ae Cllarcter-

i/ed by bleached Upper iori/ons anid b clay 
el i via tio i 

* 	 tlile lower part of tlie sequence is Uitrked bvit 

accumulatiot of illlit ial clay, \ hich accurto-
lates from the l(\\er part up\\ard. 

* 	 the illuvial ione corresponds to the itic /leuo-
fornation of notntttiorilltiite, \%ith local 
alkali/ation or file formation of calcareotIs 
nodules. 

* 	 usually the differentiation in the catenit goes 

through the follotsing steps: 
- clay eluvialed soils (Ilaphistalfs); 
- hydrotiorphic clay elusiated stils (AIlults); 
- Solodiied Soloieti (Natraqtualfs) and 

Vertisols 
These two types of t0poseqLuences shio\%that Ver

tisols do not have a single origin, and it is questiona
ble whether Vertisols of different origin carl be 
considered equivalent, or even whetier the\, can be 

used in a similar way. The answer is affirmative if 
merely tile morphological and physicochemical fea
lures of tie soil profiles are considered. However, if 
the issue is soil management and the relation 
hemeen the soil characteristics and land use, a mor,: 
comprehensive study of the soil sequence may be 
needed, from a microscopic scale to landscape 
dimensions. 

Conclusion 

Vertisols and vertic soils of different origins have 
different organiiational structu,e and dynamic 
properties, which may affect their potential uses. 
Consequently, research ;hould be carried out in 
accordance with the following guidelines: 
* 	 Sdr\ev the %iiriois types of landscape and 

toposequences that exhibit Vertisol features. 
* 	 Make 'etailed studies, ati all scales, of the transi

tional /ones hets, een the Vertisols and other 
soils, and of the \,iatc loslenets ill these transi
lional /ooes. 

* 	 Make detailed studies, tiall scales, ot the similar
ities and dilleenccs that exist as regards the ruor
phiologv of Vertisols belonging to different 
latndscapes and toposequences. anid (if their 
hehavio, it rel-itior to plant growth. 
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Soil Physical Research for Improved Dryland Crop
 
Production on Vertisols in Queensland, Australia
 

K.J. Coughlan', G.D. Smith 2, and D.F. Yule 3 

Abstract 

Physicalprocessesin Vertisols influence the ease and success of farming, but they have not been 
extensively studiedin traditionalsoilscience. Largeareasof Vertisols occurin Queensland,A ustra
lia. Crop productionon these soils is mainly between 20 and 29'S, and between the 500-mm and 
700-mm rainfallisohvets. Rainfallis dominantin the summer andhighly variable. Wheat (in winter) 
andsorghum (insummer) arc themajorcrops. Farmerstraditionallyfallow to store water in thesoil 
prior to planting, hut there is an increasingtrend tot'ardopportunitycropping. 

The Queenslandenvironment !nay be less lavsorable faragriculturethan arethe Vertisolregionsof 
India. Constraintsto crop productionaredivided between those due to deteriorationthrough land 
use (erosion sainization,compaction, organicmatter decline) and those due to preexistingsoil 
characteristics(surfacesealingand crusting,excessive cloddiness,low plant-availablewater capac
it)', restrictionsto root growth. subsoil salinity., ,urtace waterlogging). Research should aim to 
improve the understandingofphysical processes to assist soil management, especialiv to improve
plant-availablewater, rainfall-useefficiency, and structuremanagementand to reducesoil erosion. 

Risum6 

Recherche physique des sols pour I'amilioration de la production agricole en rigions arides sur les 
Vertisols au Queensland, en A ustralie: Les processusphysiqucsdes Vertisols influent surla facilit6 
ot le succbs de Iexploitation agricole,nmis ils n ont pas t6 &tudibs de loaron approfondie dansla 
science des sols traditionnelle. Degrandessurlacesde Vertisols se trouvent au Queensland.Sur ces 
sols,la productionagricolese situ¢ essentiellemententre20 et 29'S latitudeset entre les isohybtesde 
pr&cipitationsde 500 et 700 mm. Les prcipitationspr6dominenten &t6ot sont tr&s variables.Le bW 
(en hiver) et /e sorgo (en ei6) sont les principalescultures. Traditionnellement,les agriculteurs 
laissentles terresenjachrcafin d Etablirtne ribscrved 'au dans lesol avant deplanter,mais i/ya une 
tendance croissante vers le d6frichage occasionnel. 

L 'environnementdu Queenslandest peut-etre moins favorable A l'agricultureque les regions de 
VertisolsenInde. Les contraintes Ia productionagricolesepartagententre celles duesh l'usagedes 
terres(rosion, salinisation.compactionet appauvrissementde la mati'reorganique)et celles dues 
aux caract&istiquesprbexistantesdu sol (battanceet encrotementde la surface,formationexces
sive de mottes de terre,faible capacitc d'eau disponiblepourles plantes,restrictionsh la croissance 
des racines, salinit du sous-sol, engorgement deau en surface). La recherche devrait tendre h 
aniliorerla c'imprhensiondes processusphvsiquesafin d appuiver a gestiondes sols,surtoutatin 
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ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1989. Management of Vertisols for imporoved agricultural
production: proceedings of an IBSRAM Inaugural Workshop. 18-22 February 1985, ICRISAT Center, India. Patancheru, A.P. 502 324, 
India: ICRISAT. 
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d'imbliorer]a quantit6d'eau disponible pour les plantes, Iefficacit6 de l'usage des pr6cipitations 
ainsique J'amenagementdes structureset de r~duireI'erosion des sols. 

Introduction 

Interest in Vertisols in Queensland arises from the 
predominance of thIse soils in the major cropping 
areas. Hubble rt al. (1983) show(Fig. I) that Vertis-
ols cover more than one-quarter of the Queensland 
land surface-some 45 million ha; this amounts to 
about three-fifths (60%,) of the total Vertisols in 
Australia and about one-fifth (20%) of the total area 
of Vertisols in the world (lHubble 1984). In compari-
son, India has an estimated 73 million ha of Vertisols 
and associated vertic soils (Venkateswarlu 1984). 

The unique physical properties of Vertisols can be 
either an advantage or a disadvantage for farming. 
These are listed by Smith et al. (1984), who also 
provide background information on clinmate, crop 
production, and soil physical processes in.-ortant in 
management of Queensland Vertisols. Despite pro-
gress in soil physics research, i:fornation is still 
inadequate for the developmeent of integrated soil-
and-crop management systen.;, wa. h can improve 
production in the short term while ulsc, maintaining 
long-term productivity. 

This paper discusses areas '.ht re re~rarch can lead 
to improved maragement systems. Tfo understand 
the need for such research, we alsu considcr present 
land use and soil managemen,, a'd the major con-
straints to improved crop production, 

Present Land Use and Soil 
Management 

Land Use 


Many of the Verti~ols in Queensland are too dry for 
cropping, as annual rainfall is less than 500 mm (see 
Fig. I ). The main cropping area lies between 20 and 
29' S,and between the 500-mm and 700-nam ranfall 
isohyets. In this area, rainfall is summer-dominant 
and highly variable; pan evaporation exceeds rain
fall in all months. 

Weston et al. (1981) estimated that mapping units 
with Vertisols as the principal profile form covered 
an area of 50 million ha. They summarized land use 
in this area as follows: 
* 	 Irrigated cropping 0.05 million ha 
* 	 Dryland cropping 1.20 million ha 

land presently uncropped with:
 
potential for dryland cropping =6.00 million ha;
 
and 
suitable only for grazing = 43.00 million ha. 

The large proportion used for livestock produc
tion (extensive grazing of native grass pastures) 
reflects the occurrence of very large areas of Vertis
ols in low-rainfall regions. Although there isconcern 
for soil degradation by erosion and salinization in 
some areas under livestock production, economic 
considerations limit the potential for improved pas
ture and soil management. 

Despite problems of crop establishment, water
logging, and salinity control in some soils, Vertisols 
are commonly irrigated in Queensland; although the 
total area of irrigated Vertisols is relatively small, it 
is highly valued. Soil scientists and farmers have 
developed considerable expertise in the manage
ment of Vertise', under irrigation (Shaw and Yule 
1978, Smith and MeShane 1981, Gardner and 
Coughlan 1982, Smith et al. 1984). 

Ihis paper dcscribes dryland (rainfed) use of Ver
tisols in Queen-land, where the greatest constraint to 
crop produ . :, :,lack of water. Iraditionally, dry
land farmers ,iQueensland try to grow one crop 
each ycar, in eithe.r the rainy or postrainy season, 
with fallow in the alternate season. The major winter 
crop is wheat, annd the major summer crop is 
sorghum. Although rainfall is dominant in summer 
(October -March), wcat is the main cereal crop in 
the southern areas, particularly toward the west 
(e.g., Roma), where rainfall islower and less reliable. 
The extent of summer dominance increases towards 
the north; the ratio of summer:winter rainfall is 2:1 
at 29 S,ond ,3:1 at 20' S. The average area planted 
annually to each crop in four of the Queensland 
Government's statistical regions is shown in Table I. 

Soil Management 

Dryland crop management includes a degree of 
physical manipulation of the soil, mainly during 
cultivation and planting. '[he objectives of these 
operations are: 
* 	 To enhance water storage during fallow. This is 

achieved both by killing weeds and by using crop 
stubble and surface structure to maximize infil
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Figure 1. Distribution of Vertisols in Queensland. (Sources: Hubble et al. 1983, Smith et al. 1984). 



Table 1. Average annual area (1978-83) planted to Climate 
sorghum and wheat for four regions of Queensland. Mean annual rainfall at representative towns within 

Sorghum Wheat 
Region ('000 ha) ('000 ha) 

Mackay (21-23°S approx.) 37 4 
Rockhampton (23-25°S approx.) 152 91 
Darling Downs (25-27°S approx.) 
(East) 191 570 

Roma (25-27°S approx.)(West) 10 99 

Source: Compiled from data provided by Australian Bureau of 
Statistics. 

tration and minimize runoff and evaporation, 
* 	 To prepare a suitable seedbed. 
* 	 To establish a crop, often using special equip-

ment such as presswheels. 
* 	 To minimize soil erosion, by constructing con-

tour banks, thus facilitating contour tillage, and 
maintaining crop stubble on the soil surface. 

In manipulating the surface structure of Vertisols, 
the most important principle is to work with and not 
against the considerable natural phenomena that 
operate in these soils. Structure islargely determined 
by forces generated by wetting and drying. Manage-
ment should aim to supplement these forces by care-
ful timing of tillage its regards wetting and drying. A 
good exatmple of this is the management system 
developed at ICRISAT (Swindale and Miranda 
1984), in which the difficulty of preparing a good 
seedbed with aninal-dravn implements is minim
ized by commencing primary cultivation immne
diately after the harvest of the second crop. In 
contrast, the Australian farmer has large holdings, 
and !imeliness of operations is essential; he needs 
access to considerable mechanized power. The dis-
advantage of this system is that it may allow the 
farmer to carry out operations under less ideal mois-
ture conditions, thus risking structural damage to 
the soil. 

The level of management applied on an individual 
farm depends on a number of factors, including 
climate, soil type, crop to be grown, available knowl
edge, and machinery and labov inputs. The influence 
of social and cultural norms on farming practice is 
not 	considered in this paper. 

If wecompare Queensland with India, w,- can note 
the obvious differences in the effect of climate and 
machinery and labor inputs on crop production. 

the Queensland grain-growing area (see Fig. I) is594 
mm at Roma,634 mm at Emerald, 673 mm at Dalby, 

and 702 mm at Biloela. All these areas fall within a 
"low" rainfall region, on the basis of the simple 
classification used in India by Venkateswarlu (1984):
high, - 900 mm; medium, 700-900 mm; and low, 
,700 mm. 

Australia not only is the driest continent, but also 
has very variable rainfall. This is reflected in the 
variability of crop yields. Russell (1984) analyzed 
wheat yields in 13 countries and found that coeffi
cients of annual variation of wheat yields in Austra
lia (18.9,) were exceeded only in Algeria (22.2%) 
and Morocco (24.0%). Other values were 10.3% for 
India, and 8.0%, for tlie United States. Analysis of 
figures for Australian states over a longer period 
showed annual yields in Queensland to be most 
variable, with a coefficient of annual variation of 
35.3,. 

Because of the low reliability of rainfall, farmers 
must maximize the water available to a crop by 
ensuring maximum storage of water in the soil prior 
to planting. This is attempted by bare-fallowing, but 
the efficiency of water storage under fallow is low. 
Table 2 compares summer (rainy-season) fallew 
water-balance conponents at ICRISAT with those 
on the Darling Downs (location shown on Fig. I). 
Major differences are the comparatively low percen
tage of rainfall stored in the soil and the predomi-

Table 2. (ontparisonotwuter-balancecomponentsinthe 
rDny-season fall w at ICRISAT Center, India, and on the 
Darling Downs, Australia. 

ICR ISAT Darling Downs 
Center (Greenmount) 

Water balance Hare Bare Stubble 
componentst fallow fallow mulched 
Runoff 25 17 10

I 	 . vaporation 25 
Deep percolation 10 65 66 

Soil storage 40 18 24 
1 igures are I)o ramnfal durmngthe failo ". 

Source. I-or W(RISAI Center. Venkatessarlu (1984); for Darling 

IDowns. pers. coinni.. 1). Freehairn, Queensland Wheat Research 
Institute. toosoomba, Queensland. 
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nance of evaporation as a cause of water loss in the 
Darling Downs environment. At ICRISAT, soil 
storage was higher. However, there are insufficient 
data available for tropical and subtropical areas to 
explain these differences in terms of environmental 
and soil hydrologic processes. 

The importance of soil water in determininggrain 
yields under dryland agriculture is illustrated by the 
analysis of Nix and Fitzpatrick (1969). In Central 
Queensland, 60 to 83% of annual variability in 
sorghum and wheat yields could be accounted for by 
an index based on available water in the root zoneat 
peak anthesis and subsequent potential evaporation. 

Because of the low and variable rainfall, there are 
two soil-water management options for dryland 
cropping in the Queensland climate: 
I. 	 Fallow to allow recharge of the soil-water profile. 

However, recharge during summer fallow may 
not be sufficient to ensure good crop yield. In this 
respect, Queensland differs from India, where 
even in rainfall-deficient rainy (kharil) seasons, 
the soil moisture may be fully replenished in areas 
with a rainfall greater than about 800 mm a - ' 
(Hodnett and Bell 1981). 

2. 	Opportunity cropping, which involves planting 
after a "sufficient" rainfall event (30 50 mm, 
depending on the amount of water stored in the 
subsoil). Success depends on tile amount and 
distribution over time of subsequent rainfall, 
Dryland cropping normally involves a combina-

tion of these options, and models predicting tile 
success of various option combinations are available 
(e.g., Blerndt and White 1976). 

Machinery and Labor Inputs 

In Australia, labor rather than land is the primary 
limiting factor. A wheat farm in Queensland com-
monly has 200-2000 cultivated ha, compared with 
3.7-7.5 ha in India (Venkateswarlu 1984). For this 
reason, large machinery is required for cultivation 
and harvesting; the farms are usually owner-
operated with the use of labor assistance or contrac-
tors during planting and harves. Particularly in the 
more marginal areas, average grain yield is low(e.g., 
I t ha-1), average profit per unit area is low, and 
annual financial return is variable. The cultivation 
of very large areas, which require large total capita; 
outlay on machinery but low management input per 
unit area, reflects tile farmers' realistic response to a 
high land:labor ratio. The general level of soil man-

agement is less than that in ICRISAT's improved 
system, and probably less than that practiced in 
most less developed countries (LDCs). Farmers in 
LDCs may be better placed to take advantage of a 
knowledge of soil processes, because farms are 
smaller and more labor-intensive, and they probably 
allow more flexibility in relation to cropping and 
other decisions. Small farmers may be able to give 
more attention to the soil structure and soil-water 
consequences of management decisions. For this 
reason, our knowledge of soil physical processes in 
Vertisols may be of more value to scientists and 
farmers in LDCs than our soil-management system. 

Soil Physical Constraints to 
Improved Crop Production 

The existence of soil physical constraints increases 
the risk of crop failure, the impact of unfavorable 
weather events, and tile cost and difficulty of imple
menting good soil management practices. Soils with 
a greater number of constraints increase the difficul
ties encountered by farm manager.,, in making the 
correct management decisions, thus increasing the 
probabilities of decreased yields and crop failures 
due to poorer crop establishment, persistence, or 
productivity. The constraints and their consequen
ces include: 
0 surface waterlogging (in some cases associated 

with gilgai microreliel)---causing poor growth 
and persistence; 

0 surface sealing--causing increased runoff and 
erosion; 

a coarse surface aggregates -- making timing ofcul
tivation and seedbed preparation difficult; 

0 low plant-available water capacity (PAWC) 
associated with limited root penetration
restricting yield; and 

0 subsoil salinity--affecting yield and plant 
persistence. 

Some or all of these problems often occur in com
bination and appear to be related to the unsaturated 
hydraulic conductivity of the soil. A model to 
explain the interaction of these properties has been 
proposed (Fig. 2, from Coughlan 1984, Coughlan 
and Loch 1984). 

Our studies also suggest that a number of soil 
properties are associated with the constraints listed 
above. These properties include clay content in the 
range of 40-60,', lower smectite and higher kaoli
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Figure 2. A conceptual model describing the function of coarse dry aggregates in Verlisols (Coughlan 1984). 

nite contents, and higher ESI) (exchangeable 
sodium percentage) of the surface soil. One of these 
relationships, between soil properties and coarse 
surface aggregates, is shown in Figure 3. In this 
study, coarse dry aggregates in the surface were also 
associated with higher salt levels at 60-90 cm 
(Coughlan and Loch 1984). 

Depth of root penetration is an important factor 
in PAWC, but the factors limiting root penetration 
are not known. It is commonly found that the depth 
of rooting is associated with the depth at which salt 
accumulates (Shaw and Yule 1978, Gardner and 
Coughlan 1982). Figure 4 shows chloride profiles 
and depth of root penetration (as indicated by water 
extraction) for irrigated fodder sorghum on three 
Mollic Torrerts at Emerald. In a study of soils in the 
Burdekin Valley, Gardner and Coughlan (1982) also 
found that, although the depth of salt accumulation 
was a fair estimate of rooting depth, salt concentra-
tions in a number of soils were insufficient to 

markedly reduce root growth. Hence, it is uncertain 
whether salinity limits rooting depth. 

Despite this, there is ample evidence to suggest 
that the salt profile is a good indicator of water 
fluxes in the soil profile. Examples of this evidence 
are: 
a Salt content (at 60-.90 cm) in Vertisols is related 

to rainfall and a number of soil factors that may 
influence water movement, e.g., clay content, 
clay type, and ESP (Shaw and Thorburn 1985). 

0 	 Wetting depth can be predicted from the salt 
profile (Mullins 1981). 

* 	 Sahis can be leached by irrigating (Smith and 
McShane 198 1, Gardner and Coughlan 1982) or 
by changing management systems (Loch and 
Coughlan 1984). 

These results support the use of tne salt profile as a 
surrogate measure of soil physical constraints in 
Vertisols. Further studies on interpretation of salt 
profiles are warranted. 
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Figure 3.Relationship between percentage of dry' 
aggregates (>5 ram) and exchangeable sodium per-
centage of Queensland V'ertisols. 

Erosion, saliniiation. compaction, and organic-
matter decline tend to reduce productivity. As 
pointed out by Smith etal. (1984), soil erosion and 
red uction in organic matter (and associated nut-
rients) have been legacies of traditional fairming sys-
tems , wvhich in some areas are close to exploitative 
monoculture. More recent farming systems retain 
crop stubble on the surface and minimite soil distur-
bance by cultivation. [hey offer an increase in soil 
organic matter, particularly if nitrogen fertilizer is 
used, and thus the potential to reduce erosion. As 
seen from Table 2. such management systems tnay 
also result in an increase in the efficiency of soil-
water storage during the period under fallow. 

l)evelopment of innovative cropping systenmsand1( 
fallow-ma nagenment techniques itomaintain soil fer-
tility. decrease erosion, and optimite soil-water use 
represents a major direction for future research, 
Sonic research options within the area of fallow-
managenment techniques w\ill be considered next in 
this paper. 
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Figure 4. Chloride profile in thnree Mollic Torrertsat 
Emerald, Queensland; depth of water extraction by 
irrigated sorghum is shown by the arrow for eachCrop8Productio

soil (from Shaw and Yule 1978). 

Research Options for Improved Dry
ln rpPouto 

Four priority areas for soil physical research can be 
identified, and they, are discussed in this section: 
I. 	 identifying and modifying the plant-available 

water capacity; 
2. 	improving the management of the surface soil 

structure; 
3. 	improving rainfall-use efficiency; and 
4. 	increasing soil-erosion studies. 

[he research approaches suggested here arc not 
technology based, hut aim to provide information 
on those properties of Vertisols that will allow 
appropriate management systems to be developed. 
As mentioned previously, the development of con
servatise managemetnt systems for various combina
tions of soil, climate, aind technology input is a 
critical endpoint in this type of research. One prercq
uisite is a method of classifyingz Vertisols (preferably 
related to crop perfatmanc to allow satisfactory 
transfer of information on soil physical processes for 
incorporation into management systems. Such a 
classification is not presently available. 



Plant-Available Water Capacity (PAWC) 

PAWC is defined as the amount ofwater that can be 
extracted from an initially full), wet soil by a crop 
before a chosen stress symptom is observed. This 
definition assumes an initially fully wet profile. 
Although this ;snormally the case under irrigation, 
PAW under dryland conditions is often less than 
PAWC because tilesoil profile is not fully wet. 
(Profile wetting under fllow is considered later in 
this section). 

PAWC is a very important soil property in a 
semi-arid dryland environment. [ie pattern and 
amount of rainfall in Queensland is such that high 
water storage during fallow increases the probability 
of obtaining high grain yields. Iheeffect of PAW\' 
on dryland pasture yields has been illustrated by
Williams and 1Probert (1984). 

Our iu,n experience is that sensible values of 
PAWC in Vertisols can only be obtained in tilefield 
under crop and drying conditions appropriate for 
the intended use of the deried value. [ie wt pro-
file, or Upper Storage ILimit (USI.), plus tie Iowrr 
Storage Limit (1.S1.) should be determined under 
realistic field conditions. As pointed out by Smith ct 
al. (1984), tie USI. may be grossly o crestiniated by 
laboratory measurement; .. 1. water contents are 
oflte less than lie 1500 K I a water content 
(although it is uncertainii si ethier this is due to evapo-
ration from cracks or to transpiration). and rooting 
depth is sufficiently variable to make generali/ation 
inappropriate. 

Variation in PAWC can occur due to crop type, 
crop age, soil type, anrd pattern of water stress on the 
crop. Evidence suggests that tie type of crop has 
only a secondary effect on PAWC (Mason et ilf. 
1983) under irrigated (lo"s stress) conditions. Also 
under irrigated conditions, Shaw and Yule (1978) 
and Gardner and Coughlan (1982) found that 
PAWC for fodder sorghum on a range of Vertisols 
varied from 8 to 14 cm,with maxirium depths of 
significant water rise varying from 60 to 120 cm for 

different soils. 


Gardner and Coughlan (1982) measured PAWC 
under both irrigated and dryland sorghum crops on 
a range of soils in the 13urdekin Valley (Table 3).
Under dryland conditions, with a much more severe 
drying cycle and associated drought-hardening 
effects on crops, there is a large increase in the 
PAWC of some soils, due to both increased depth 
and degree of subsoil drying (Gardner et al. 1984). 
The largest increase was associated with soils with 

Table 3. PAWC0 under irrigated and dryland conditions 

and ESP2 at 50-60 cm for five soils in the Burdekin Valley,Queensland (Source: Gardner and Coughlan 1982). 

EP
 
(5060 PAWC(em) 

Soil cm) Irrigated l)ryland 
Alfisol I I 10.4 19 
Vertisol I 5 11.9 30 
Vertisol 2 10 11.4 22 
Vertisol 3 21 10.4 14 
Alfisot 2Clfi2 36 7.2 8.36 7.2 8.l
 
(typic Natrustaif) 

I I'AW( : 'an-a'.mijhi "lair capach. 
2. I.SI'=tIxchangeahlc sodium pcrcet'age. 

relatively low ESFP in the clay subsoil (Table 3). The 
range of.PA\VC (8 22) cr in Queensland Vertisols 
is shown in Figure 5. 

Our data suggest that PA\WC is limited by rooting 
depth rather than by PAWC per unit depth. For the 
tone of iaxiunium root density (. 30 cm), differen
ces in PAWC per unit depth of soil are relatively 
small (0.16 0.21 cm cm-. A number of factors may 
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Figure 5. Plant-available water capacity profile for 
three Queensland Vertisols. 
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limit rooting depth, including soil strength (which is 
often related to lack of wetting), soil salinity, and 
subsoil structure (which may determine aeration, 
drainage, ano root ramification). Gardner and 
Coughlan (1982) found no definite evidence on 
which factor was the most important limitation to 
root growth. However, it is a common observation 
that deeper and more prolific root systems are dese-
loped on Vertisols with a more strongly develoned 
lenticular structure land smaller primary peds) inlle 
subsoil. As suggested by Grcacen and Gardner 
(1982), relationships between morphological subsoil 
structure and root growth are worthy of quantitative 
field investigation. 
There are several specific options for research on 
PAWC: 

PAWC prediction. The major information 
required is PAWC under field conditions fora range 
of Vertisols. More specifically, the need is for infor-
mation on USL. (after ponding or heasy rainfall), 
LSI. afte, dryand cropping, and -15 bar water con-
tent. S,,l ,'opcrties such as cation-exchange capac-
ity, i5 bar water content, and the salt prolile hae 
been used to predict USI., I.S1., rooting depth, and 
hence PAWC (Shaw and Yule 1978). More intforma-
tion, both in Australia and in othercountries, would 
improve the prediction of PAWC for crop modeling 
purposes. 

Roof development and function. Information is 
also required on root length, density, and water 
extraction with reference to depth in Vertisols. Re!a-
tionships with morphological subsoil structure may 
then allow the constraints to root growth in Vertisols 
to be quantified. 

Modification of PAWC. In sonic soils, losv 
PAWC (possibly related to surface structural prob-
lems, such as crusting and waterlogging) imposes 
unacceptable risks on dryland crop production. In 
these cases, amelioration techniques such as gypsum 
application and deep ripping (subsoilitg) may be 
cost effective. Information is required for Vertisols 
on tbe relationship between soil properties (e.g., soil 
structure, exchangeable cations), climate, and c o-
nomic response to gypsum or deep ripping. 

Management of Surface Soil Structure 

To allow effective management of soil structure, we 

need information on a number of processes. 

Stability under rain. Soil st ructare in the surface of 
Vertisols commonly collapses under rain (tlodnett 
and Bell 1981, Smith et al. 1984, Venkateswarlu 
1984). The resulting surface scaling causes runoff. If 
cracks are open, tie runoff directly recharges the 
subsoil. If cracks are not open, soil-water storage is 
reduced. and runoff and erosion arc increased. It is 
well known that cm er on the soil protects against 
structure breakdown by rain. Cover often is not 
available and inti insic soil properties then influence 
the degree of breakdoin under rain. 

Ihe key soil properties that influence aggregate 
stability are not %kclldefined, nor are the long-term 
effects oI farmer management practices known. Jo 
ouercome these deficiencies, a research project is 
under way to dehclop a simple laboratory test to 
Measure structural stability to rain. Ihe test will be 
esaluated on a range of \'ertisols. using laboratory 
and field rainfall simulators. It is expected that the 
eventual technique %%ould be useful ott Vertisols in 
any tropical or subtropical ensironmenti. lhe test 
could be validated ol a ssider range of soils by 
expalnding the project to include soils from other 
countries. 

Structure development by tillage and wetting and 
drying. Queensland farmers use tillage to control 
55eeds itt fallows, to break crusts (to improve water 
entry), to increase surface roughness (to assist water 
storage), and to prepare seedbeds. lhere is a trend 
toward less tillage because of (I) rising energy and 
labor costs, (2) increasing acceptance of chemical 
sseed control, and (3) concern about possible 
adscrse effects of excessive tillage on soil structure; 
in addition. tiess methods of crop establishment 
(e.g., pressswheels) make seedbed conditions lesscrit
cal. If tillage can be reduced without detriment to 

yield, tihe principles employed %%ill be acceptable in 
ans' country. In Vertisols there is sonic scope to use 
wketting and drying (the self-mulching tendency) to 
generate a suitable structure for wrater entry and 
crop establishment, and to use tillage to complement 
this structure-generation process. In order to fully 
exploit the forces associated swith wetting and dry
ing, we need to know more about the interactions 
between crop type, soil constituents, wetting and 
drying conditions, and the effects on aggregate siue, 
strength, and density. 

Structure requirements for seedbeds. Crop estab
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lishment is commonly a major problem on Vertisols. 
Inadequate soil moisture can prevent germination, 
and soil structure can restrict seedling emergence 
(Leslie 1965). Presswheels can, in some cases, greatly 
improve emergence (Smith et al. 1984). However, 
the range of soil structure and moisture characteris-
tics adequate for satisfactory seedbeds isnot known. 
Basic research covering a range of soils, crops, plant-
ing conditions, and climates is needed to determine 
what constitutes a suitable seedbed. This would 
improve productivity, reduce risks of crop failure, 
eliminate unnecessary tillage operations, and ensure 
more timely planting. 

Rainfall-Use Efficiency 

It is important to minimize soil-water losses by 
runoff, evaporation, and deep percolation and to 
maximize soil-water storage during fallow and crop-
water use during cropping. Some relevant research 
areas for Vertisols ire given below, 

Manipulation of crack configuration and surface 
microrelief. In comparison with ligher textured 
soils, Vertisols are relatively inefficient in tie storage 
of light rainfalls. The quantity of water required to 
raise soil-moisture potential from air dry to-I5 bar is 
of tile same order as the amount held in tie available 
water range. Fffective recharge, below the tone of 
rapid evaporation loss, only occurs vith substantial 
rainfalls or movenient of runoff down cracks. To 
enhance recharge of tile soil water store, ii may be 
possible to create surface microrelief(in tile form of 
ridges and unicrodepressions) to pond water and 
enhance flow of water into cracks. About two-thirds 
of tie soil-%kater deficit can be stored directly in 
cracks, should heavy raiifall or runon occur. Cracks 
are known to form in interrow spacings (Swartz 
1966), but little is known about the pattern of crack-
ing in fallow soil with ridged microrelief or about the 
effect of ridges on evaporation, 

Efficient water use. Systems of alternating bare 
fallow and a crop have been traditional for dryland 
grain production in Queensland. Stored soil waterat 
planting is essential to provide an initial water 
supply to tile crop. tiue to the high variability and 
low effectiveness of rainfall. It should be possible to 
define probabilities of successful cropping for var-
ious levels of' stored soil wa : I)ue to the crop 
options available to the farme; ind the variable 

rainfall throughout the year, the necessary combina
tion of adequate soil-water storage and a "planting" 
rain could occur in any month of the year. This is 
recognized by an increased tendency toward oppor
tunity cropping. Good long-term weather records 
are needed to forecast probabilities of crop success. 
If these are not available, conservative estimates 
may be adequate. It may be possible to considerably 
increase the efficiency of rainfall use by better under
standing soil hydrology, seasonal weather probabili
ties, and crop requirements. 

Infiltration. Although it is a very important pro
cess, infiltration in dryland Vertisols is not well 
understood. At a relatively gross level, infiltration 
parameters can be inferred from runoff measure
nments on small catchnents. We are currently con
ducting studies of runoffand soil loss from contour 
bays on a range of soil types and climates, measuring 
tile response to crop type an(d fallow management 
(tillage by stubble interaction). We expect these stu
dies to delineate thle dominant factors in the infiltra
tion process for instance, which aspect plays tile 
major role: cracks, surface, cover, antecedent water 
content (and profile distribution), surface tilth, sub
surface flow. plow pans. soil structure, or any other 
factor? In parallel with these large field studies, we 
have process-oriented research into field infiltration 
under a rainfall simulator. This research aims to 
qua ntitatively define tile effects of tile variables 
listed. These studies are directed to the fallow and 
crop-establishment periods, since in our environ
nent little runoff occurs from well-grown crops. In 
summary. tie future research areas are process and 
field studies of infiltration and the effects of varia
bles that may be "managed." 

'uit evaporation. With our low rainfall, soil evap
oration is undoubtedly the major loss mechanism 
affecting rainfall-use efficiency(see Table 2). We are, 
therefore, interested in the effects of surface cover 
and tillage on soil evaporation. A small pilot study
has been conducied using wheat stubble as a surface 
cover and we plan major studies across ai range of 
entvironnients. Ihese studies will measure not only 
soil-%%ater loss but also the resulting soil-water pro
file. Consequently the data will be useful for predict
ing plainting opportunities and options (depth, etc.) 
and for coordinating with the infiltration research 
by predicting the antecedent soil-water profile for 
subsequent rainfall. 

n
 



Soil-Erosion Studies References 

Research on both management of soil structure and 
the soil-water balance aim to provide methods of 
reducing soil erosion. Soil erosion is seen as a major 

threat to agriculture on Vertisols in Queenslan !.A 

number of aspects are being studied in the l;eld 
(Smith et al. 1984). The eventual aim is to derive 
physically based process models able to forecast the 
effects of cropping system and management on 

crops and soils. 

The effect of crop or stubble and tillage on hydrol-
ogy and soil loss is being monitored near Too-
woomba, Roma, Emerald, and Biloela. Automatic 

instruments monitor rainfall and rutnoff on contour 

bay catchments I 15 hitin area. These studies have 
shown that management practices can have signifi-
cant effects on fallow efficiency and soil loss. 

Rainfall simulators are also being used to study' 

the effects of rainfall, soil and sediment properties, 
surface tilth, stubble coser, and slope length oi 
runoff and erosion processes. These studies of tile 
erosion process are integrated with the field-scale 
management studies. 

Conclusion 

Vertisols occur largely in tropical regions and in 

less-developed countries. Iraditional agriculture of 
temperate countriesand associated soil research has, 
therefore, beer, carried out on other soil types. As 

pointed otttby Coughlan (1984), extrapolation of 

results and management systems from other soil 
types to Vertisols is inappropriate. I hus, few 

technology-based fairming systems have been dese-
loped for Vertisols, nor is there a satisfactory under-
standing of soil physical processes. 

Australia is the only one of 49 countries in which 

farming on Vertisols is carried out inthe semi-arid 

tropics that is not classified as an LI)C. For this 

reason, Australia, with its advanced technological 
base, is a logical venue for field and laboratory 

research into fundamental processes in Vertisols. 
Our role should be to perform strategic research 

aimed at understanding soil physical processes. 
Once tie principles are understood, they could be 
used in the development of soil and crop manage-

ment techniques for field testing in appropriate 

environments iii other countries. 
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Virmani: I believe the apparent difference in rainfallwater balance observed at ICRISAT and Darling
Downs may be due to geology and rainfall 
distribution. 

Coughlan: I don't think that it is due to geology. Ourclays are normally deep, while rainfall distribution 
and soil hydraulic conductivity would suggest that 
deep percolation losses would be small. The high 
eaporation losseQuld sialio is hiob 
evaporation loss inthe Queensland situation isprob
ably due to rainfall distribution and amount. 

Sagua: Is sorghum grown in the summer with or 
without irrigation'! 

Coughlan:.orghum is grown both with and withoutirrigation. 

Saunders: What data do you have on the differing 
effects ofdisc versus tine or sweep tillage, and depthfds ves sfn ors epthg ,an d pt
 of cultivation on moisture infiltration and storage? 

Coughlan: We are doing work on both frequency 
and type of cultivation. However, our data are not 
vet avaible. We have been using sweep tillage to 
ye t aila ble oh e s i surfac e o 
maintain stubble on the soil surface for erosion 
control. 

Blokhuis: You mentioned salinity, but not sodicity. 
Is there no sodicity accompanying the salinity? 

no 



Coughlan: The salts accumulating in the subsoil of 
Queensland Vertisols are sodium-rich. In the 1-10 
cm layer, ESP can range up to 7-8% (see Fig. 3), 
while in the subsoil, values up to 40% can be 
measured. 

Hawando: Three highly different PAWC values 
were shown on three different Vertisols. Do you 
think that research results, or a only production 
technology, obtained in one of these soils in relation 
to PAWC, can be predictably applied to the other 
Vertisols with highly varying PAWC? Is direct appli
cation of transfer of technology from one region to 
another possible without testing it first to determine 
if it could work'? 

Coughlan: This would be true if the technology 
depended on PAWC. In this case, agrometeorologi
cal models could be useful for predicting the effec
tiveness of technology transfer. 

Srivastava: I) I would like to know mote about 
your experience on /ero-tillage practice on Vertisols 
in Queensland. I am particularly curious to know 
about long-term effects and economics. (2) I)o you 
have any experiments on 'fixed tralfic /one' and 
'crop production zone'! 

Coughlan: (I) We have included /ero-tillage in a 
number of our small contour catchment studies. We 
are also doing work on application at a commercial 
scale. Zero-tillage reduces soil loss and, in some 
cases, runoff. Hoskever, because of the cost of chemi
cals, the profitability of zero tillage is marginal. A 
paper in the Australian Journal of Soil Research in 
1984 considered changes in soil properties. (2) No. 
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Limited-Irrigation/Dryland Farming Systems for Efficient 
Water Management in Semi-Arid Environments 

B.A. Stewart' 

Abstract 

Much of the increasein world food productionin recentyears has been due to increasedirrigation.
Expansion of irrigation will continue, but future development will become increasingly more 
difficult and costly. This TAct highlights the need for more attention to be given to increasingcrop 
productionunder rainfed conditions. 

Foodproductioncan be increasedsubstantiallyin the semi-aridtropicsunder rainfed conditions, 
but improved technologies and changes in traditionalsystems will be required. In many cases, 
traditionalagricultureevolved to reducethe risk of losses in dry years. Although this approachis an 
absolutenecessityin some cases, such a system often fails to take advantageof tet years. The key to 
successfuldryland larmingin semi-aridregionsis usingsystems andpracticesthat can take advan
tage of the favorableyears. 

In many situations, runoff iater from rainfed agriculturalsystems can be feasibly harvested, 
storedin ponds,and then usedfur supplementalirrigation.The efficient use ofsuch water requiresa 
good understandingof the relationshipsof transpirationandevapotranspirationto dry-matterand 
grainyields, andto wvaterapplicationrates.Datapresentedhereinclearlyshoww that limitedamounts 
ofirrigationwatercan be used moreefliciently on grainsorghum by applyingsmall amountsto more 
lanid thanby fully irrigatingless land. However, the extent of benefits andthe economics of such " 
practice depend on many lators,particularlythe cost of irrigationand the value of the crop. In 
general, when irrigationcost is low and the value of the crop is high, net return is enhanced by
spreadingthe limited amount ofwater over a largerarea. However,if irrigationcosts arehigh and 
crop value is low, net return is greatest when less crop area is irrigated sufficiently to obtain 
near-maximum yields. Curves presentedin the papershow these relationships. 

Rsumi 

Systimes de production pluviale avec irrigation linitie visant une gestion efficace de I'eau en milieux 
semi-arides : La plus grandepattie de l'augmentationde /a productionagricoledu monde de ces 
derniresann6esest due au redoublementde 1irrigation.L 'expansionde l'irrigationcontinuera,mais 
les dbveloppements futurs deviendront de plus en plus difficiles et on~reux. Cela met en relief la 
n~cessit6 de preterune attentionparticulireh la productionagricolepluviale. 

La production alimentaire peut etre accrue de fa'on considerable dans les zones tropicales
semi-aridesen rigimepluvial, mais des techniques ambliorees et des modificationsdes svstmes 
traditionnelsseront n&essaires.Dansde nombreux cas, I 'griculture traditionnellea tent6 de r6duire 
Ic risque de pertes pendant les ann~es de s~cheresse. Bien que cette approchesoit une n~cessit6 
absoluedans certainscas, un tel svstcme rduitsou vent les bbn6fices ;)tirerdes anneespluvieuses. 

I Laboratory Director, Consermation and Phoduction Reseaich Laboratory. US[)A, Agricultural Resarc' Service, P.O. Drawer 10, 
Iushland, TX 79012. USA. 

ICR ISAT (International Crops Research Institute forthe Setm-Arnd Tropics). 1989. Management of Vertisols for improved agricultural
production proceedings of an IiSRANI Inaugural Workshop, 18-22 I-ehruary 1985, ICRISAI Center, India. I'atanchcru, A.P. 502 324, 
India: ICRISAT. 
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Alin que les cultures /luvia/es reossissent en regions .e.mi-arides, iifaut iniliser des svstnes tides 
pratiques qui puissent hthOicier des annees Idvorables. 

En g1niral, I'eau ,ui s coc le des s.stmves agricoles p/u vau. peut probahleent itre reupcre, 
retenue dans des tanset ensuite uttilise pour urn irrigation su/plenentire. !L"usageeicacede 
cette Cal ncceste titlehoinnc Cotnprcthension des ratl)porisentre hi transpitationet /[''apotrtnspira
tion, h/ ainre sichc el h's rendtiteents en grain, ctles max d 'a/c:icationdc /'au. Les donn~es 
present&es icimontrent elaircnenl qt des.quantiteslIi,cs (I'au dPirriationpw vent ctre utilises 
de ;iii')n p/u.s cieact';e pou: It',oho en apportantde cdiblcs qcuantitct.s dem'ii une p/us grande:'i 
stutprlicih dc terrequt'n irri'ant tonipciien, 'i ri/Os petitesu/iecIh'ic. .'tea.noins, 'itniortance 
dPi h ici'c.s cit 'u rmethode dCkpcnloni tdc plusieurs hieteirs. cn particulicr do/I rentabilit c itc/ec 

co tt (it, :rrieatii ct dc/a Ia/eCu1I/C1 1ce'olte. li veneral./o.st/,cIVt'L' tt/il'irri ationest Idibleet la 
ia/clur de itnteC) ':'cteCc.I' ttC'lu ' itLst averci tiirep:nhdnttitleqiuitit imitec J 'an stir title 

latc .sar;'c'e.('"ependInti. siIc cmit de I 'irriatin esit c i chi alordet itrc 'o/te taiblc, IC n'tiCeV 
ner v.st ric coltice esi st ,titip/u.s c/e ve iorsc .nestrIac Slisauttentirricjuc d obtenir des rendetnents 
pre.squc optinini. )es cocrhes sont prc.sentrCsqi dtcnontrcrit i'.s rapprt.s d'eritsci-dessos. 
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from the Ogallala aquifer, which is being depleted 
(Gutentag et al. 1984). This is particularly true in the 
southern portion of the Ogallala aquifer area, where 
some of the previously irrigated land has been 
returned to dryland systems. In other cases, only 
limited amounts of irrigation water are used. These 
limited supplies are used in various ways, ranging 
from preplant irrigation only to application at criti-
cal growth stages. 

This paper assesses the likely increases that can 
result from supplemental irrigation and presents 
some strategic: for applying limited amounts of irri-
gation water. The discussion is limited to grain 
sorghum [Sorghum hicolor(L.) Moench]. The work 
reported from the USDA Conservation and Produc-
tion Research Laboratory, Bushland, Texas, was 
carried out on a Pullman clay loam, a member of the 
fine, mixed, thermic himilv of the Torrertic Paleus-
tolls. Although the soil is not a Vertisol, it is similar 
in many ways with reference to management. 

Problems of Water Management 
under Dryland Conditions 

Some establislied relationships have been shown to 
affect water management under semi-arid, dryland 
conditions. These include the effects of evapotrans-
piration, applied water, and water-use efficiency on 
yields, as discussed below, 

Relationship between Yield and 
Evapotranspiration 

When yields are limited by transpiration, strong 
correlation., usually occur between cumulative sea
sonal dry matter and cumulative seasonal transpira
tion (de Wit 1958, Arkley 1963): de Wit showed that 
for dry, high-radiation climates, yield and transpira-
tion were related as 
YTf m T , 
where Y total dr, matter mass per area, T = total 
transpiration per area during growth to harvest, and 
T =mean daily"free water evaporation" for the same 
period. The "constant" m is governed mainly by 
species and is largely independent of soil nutrition 
and water availability, unless it is seriously 
nutrition-limited, or unless soil water is too high, 
causing lack of aeration or leaching of nutrients. 

Since transpiration is difficult to separate from 
evaporation from the soil surface, the total "evapo-

transpiration" is most often measured. Many studies 
have shown that transpiration and evapotranspira
tion are closely correlated, and particularly so after a 
plant canopy has formed. A representation of dry
matter yield as a function of evapotranspiration is 
shown in Figure 1. The intercept along the evapo
transpiration axis presumably represents evapora
tion from the so il surface. Also, for crops that have a 
relatively constant harvest index, the harvestable 
portion of the crop can be substituted in the relation
ship. For grain sorghum, the yield of grain can be 
used on the Y axis. 

Figure 2 shows a compilation of data from the 
USI)A Conservation and Production Research 
Laboratory., Bushland, Texas, for grain sorghum. 
The data of Jones (O.R. Jones, personal communi
cation of unpublished results, 1958- 1983) represents 
26 years of dryland grain sorghum production. The 
data from Stewart ct al. (1983) \were collected in 
1979 -1981 and from Musick and l)Usek (1971) dur
ing 1963- 1965. There is a very good linear relation

hip between grain yield and evapotranspiration, 
showing that 15.5 kg ha-' of grain were produced for 
each mm (1.55 kg n-') ofevapotranspiration above 

the threshold valoe of 126 mam. 
Figure 3 shows asimilar relationship, but, in addi

tion to the Bushland, Texas, data used in Figure 2, 
there are data from California, Kansas, and College 
Station. Texas, of the United States, and from Israel 
and several locations in India. All these data showed 
that 15 kg ha'1 of grain were produced for each 

-millimeter ( 1.50 kg o ) of evapotranspiration above 

-
w 

>-

Seasonal evapotransp i ration 
Figure 1.Schematic diagram ofthe effect ofseasonal 
evapotranspiration on dry-matter yield. 
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Figure 2. Effect of seasonal vapotranspiration on yield of grain sorghum at the USDA Conservation and
Production Research Laborator,,, Bushland, Texas (0 unpublished data, O.R. Jones; Musick and Dusek= cusd Thr'1971;were2 = Stewart4 iseta'tedecal. 1983). fer mre o,',+fthe Bush-

a threshold value of 94 rm. The relationship wassurprisingly good, considering thlat such diverse data 

were used. There is a tendency for more of the Bush-
land, Texas, and Israel data points to be below the 
line and more of the India, Kansas, and College 
Station, Texas, datapoints to beabove theline. This 
is probably because vapor-pressure deficits over the 
growing season ate relanship eater for the Bush-
land, Texas, and Israel locations. As vapor-pressure 
deficit increases, maximum evapotranspira-ion 
increases, and it requies a greater evapotranspira-
tion level to maintain a given yield level. Tannerand 
Sinclair (1983)present a thorough discussion of the 
climatic effect on the relationship between yield and 
evapotranspiration. The purpose of presenting thedata in Figure 3 is to suggest that, as a"first approxi-
mation," this relationship can be used to estimate the 
benefit that can be expected from supplemental irri-
gation of adapted hybrid grain sorghum in semi-arid 
regions of the world. Certainly, the actual yield 
inrrease for any specific location and year will vary, 

but this relationship can serve as a guideline until 

cunditions wit, referenc to the, amun of,water,, 

data for specific conditions are obtained.The data in Figures 2 and 3 represent a variety of 

conditions, with reference to the amount of water 
supplied by rainfall or irrigation and regarding the 
time of water application. Although grain sorghum 
shows a remarkable ability to compensate and 
adjust to stress conditions, some growth stages are 
more critical than others. Based on a large number 
of irrigation studies in the Southern High Plains of 
the United States, Musick (1984) concluded that 
good yield response and efficient use of water are 
achieved when water is applied at tht midboot and 
flowering stages,ad av much lower response and 
efficiency result when water is applied at the 6- to 
8-leaf stage and at the milk to soft-dough stage.Doorenbos and Kassam (1979) reached similar con
clusions. They stated that where rainfall is not suffi
cient and irrigation water is limited, irrigation 
should be based on avoiding water deficits during 
the periods of peak water use from flowecring to the 
early yield-formation period. The timing of irriga

tion or rainfall can certdinly influence where particu
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Figure 3. Effect of seasonal evapotranspiration on yield of grain sorghum at various locations (0 = unpub
lished data, O.R. Jones, Texas, I = Musick and Dusek 1971, Texas, USA; 2=Stewart et al. 1983, Texas, USA; 
3 = Owonubi and Kanemasu 1982, Kansas, USA; 4 = Bielorai et al. 1964, Israel; 5 = Howell and Hiler 1975, 
Texas, USA; 6 = Stewart et al. 1975, California, USA; 7 = Seetharama et al. 1984, compilation of Indian 
studies; 8 = Stone et al. 1978, Kansas, liSA; 9 = Chaudhuri and Kanemasu 1982, Kansas, USA). 

Jar data points fall when plotted, as shown in Figures from either rainfall or irrigation, some of it may be 
2 and 3. Timely additions will result in points above lost as runoff or deep percolation, or some may 
the fitted line, while untimely additions will result in remain in the soil at the end of the growing season. 
lower than predicted efficiencies. Runoff and deep percolation represent inefficien

cies. Also, small amounts of wateradded early in the 
growing season will mainly result in evaporation and 

Relationship between Evapotranspiration may not benefit transpiration and thereby increase 
and Water Applied yield. 

The extent that the curve in Figure4 deviates from 
Although the relationship between yield and sea- a 1:1 line indicates the extent of lossesas runoff and 
sonal evapotranspiration is linear, relationship percolation plus the amount of applied water that 
between evapotranspiration and water applied is remains in the soil at harvest time. While it may be 
generally not linear. The general effect ofwaterapp- beneficial in some situations to have considerable 
lied (which can be rainfall, irrigation water, or a quantities of soil water remaining at harvest, it often 
combination of the two sources) on evapotranspira- lowers water-use efficiency because the storage effi
tion(Y axis)is shownin Figure4.Theamountleftof ciency of rainfall during the fallow periods will be 
zero on the X axis represents the amount of stored reduced if the profile is already paiLially charged. 
soil water used by the crop during the growing sea- Musick (1970) showed a significant negative rela
son. When water is added during the growing season tionship between antecedent soil water after harvest 
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Figure 4. Schematic diagram of the effect of 
growing-season water inputs on seasonal 
evapotranspiration. 

and preseason storage efficiency. When less than 20 
mm of plant-available soil water remained at harv-
est, more than 40% of the precipitation received 
during the nongrowing season was present in the soil 
at seeding time of the next crop. When more than 40 
mm remained at harvest time, ,ess than 15(,i of the 
precipitation that occurred du'.ing the fallow season 
was stored as soil water. 

The amounts of water lost by runoff or percola-
tion depend on many factors and will vary greatly 
between locations. Runoff management deserves 
particulr attention in supplemental irrigation sys-
tems when rainfall may occur itthe same time as 
irrigation or soon after it. Under such conditions, 
runoff can be very high, resulting in low water-use 
efficiency and high losses of soil by erosion. 

Relationship between Water-Use Efficiency 
and Yield 

The term water-use efficiency (WUE) is used in 
many ways and can be grossly misunderstood unless 
the specific use is clearly stated. WUE is generally 
defined as Y, ET (yield, evapotranspiration), and 
the highest WUE will always beat the highest yield. 
This is necessarily so because the relationship ofY to 
ET (generalized in Figure I) is linear, and the X 
intercept (evapotranspiration) is greater than zero. 

Therefore, the greater the yield, the greater the 
water-use efficiency. This is iliustrated in Figure 5, 

shows the data from Figure 2 plotted as a 
function of WUE against yield. WUE values were 
calculated as follows: 
WUE (kg r-) = yield (t ha-[) x 100/seasonal ET 
(mm). 
The WUE value was about 0.7 kg M-3 at a yield level 
of 2 t ha-' and about 1.1 kg n 3aita yield level of 5t 
ha-. The line drawn through the points was calcu
lated from the regression line in Figure 2. 

Since we have already shown that there is a linear 
relationship between evapotranspiration and yield
(Fig. 4), yield can be substituted for evapotranspir'd
tion on the Y axis. In this case, water-useefficiency is 
defined as 
WUE = yieldi(water available during growing
season). 
Water-use efficiency will reach an optimum level 
and then generally decrease as yields increase 
further. This is particularly true when operators try 
to achieve maximum yields by irrigation. To achieve 
maximum yields, irrigation water applied must be 
sufficient to meet maximum crop-water demands. If 
this is done, then the probability of losses by deep
percolation or runoff is greatly increased. In addi
tion, considerable water will likely remain in the soil 
at harvest time. All of these situations will lower the 
efficient use of water resources. 

Supplemental irrigation can be beneficial under 
rainfed conditions, when there is sufficient rainfall 
to sustain crop production but when water is still 
limited. If the irrigation source is consistent, water 
can be added in sufficient quantities, particularlyat 
critical growth stages, to ensure amounts adequate 
for high yields. If water available for supplemental 
irrigation is limited, but theamount ofdryland grain 
sorghum that must be irrigated is large, then it 
becomes more difficult to decide how to use the 
limited amount of water. Should asmall amount of 
land be irrigated for high yields, orshould the irriga
tion water be spread over more land? The concept 
presented in Figure 4shows that a limited amount of 
water can be used more efficiently, in terms of eva
potranspiration, by spreading it over more land. 
However, the economics and management alterna
tives will have to be considered for individual cases 
before a final decision can be made. 

The Southern High Plains of the United States isa 
good example of limited irrigation water, oecause its 
primary source, the Ogallala aquifer, is being 
depleted at a far greater rate than it is being 
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Figure 5. Effect of grain sorghum yield on water-use efficiency (WUE) at the USDA Conservation and 
Production Research Laboratory, Bushland, Texas. (0, 1, and 2 represent same data as in Figure 2.) 

recharged (Gutentag et al. 1984). Because of the sc.'ves as a good example of how water-use efficiency
 
declining water level, wells become less productive can be increased.
 
with time. This decreased water supply can be tern- The objective of the LID concept is to maximize
 
porarily alleviated by pumping longer or by drilling the combined use of growing-season rainfall, which
 
more wells, but at a greater cost. As water supply varies for any given year, with a limited supply of
 
decreases, farm operators ultimately must choose irrigation water, which is fixed for a given year. The
 
between cutting back on the amount of land irri- unique feature of the LID system 
 is the flexible 
gated or on the amount ofwaterapplied tocach unit adjustment during the crop-growing season of the 
of land irrigated. In some cases, the crop being amount of land irrigated, allowing more land to be 
grown dictates the decision. However, grain irrigated during above-average rainfall years than 
sorghum is a crop that does well under limited irriga- during dry years. Risk is low with the LID system,
tion, and many operators are choosing to use only and response is good in favorable rainfall years.
limited amounts of irrigation water on this crop in The LID system concept, developed at the USDA 
anticipation of rainfall. Conservation and Production Research Labora

tory, Bushland, Texas, is illustrated in Figure 6. A 

Development of the Limited graded-furrow field, 600 m long on 0.3-0.4% slope, 
was divided into three water-management sections.Irrigation/Dryland System The upper half of the field was managed as "fully 

irrigated." The next one-fourth was managed as a
Stewart et al. (1983) developed a limited- "tailwater-runoff" section that used furrow runoff 
irrigation/dryland (LID) farming system for the from tie fully irrigated section. Finally, the lower 
efficient use of limited supplies of irrigation water one-fourth was managed as a "dryland" section cap
forgrain sorghum production. Whilethisisonlyone able of receiving and utilizing any runoff resulting 
of several systems being used by farm operators, it from either irrigation or rainfall on the wetter, fully 
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Figure 6. Schematic diagram of the limited-irrigation dryland (LID) system. 

irrigated and (ailwater-runoff sections. plant densi-
ties were reduced down tihe field to alleviate stress, 
because irrigation water was decreased as tihe length 
of the field increased. Furrow dams (Clark and 
Hudspeth 19761 were placed about every 4 m 
throughout tihe length of tihe field. Alternate 76-cm 
furrows were irrigated, and tihe dams in tihe irrigated 
furrows were notched to ensure that irrigation water 

moved over tihe dams and down the furrow, rather 
than across the beds. The remaining furrow dams on 
the lower part of' tihe field, and the dams in the 
nonirrigated furrows for tihe entire length of the 
field, prevented rainfall runoff. A predetermined 
amount of irrigation water was applied at regular 
time intervals. Thie extent to which tihe entire field 
was irrigated depended on the rainfall received-the 
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wetter the year, the greater the advance of a fixed 
application down the field. The objective was to 
prevent or minimize any water from rainfali or irri-
gation from leaving the field. More recent studies 
with the LID system have used a medium seeding 
rate throughout the field and furrow dams only in 

the alternate furrows that are not used for irrigatin. 
These changes make tile systen somewhat easier to 
manage, and the benefits are similar. 

Results of the use of the 1,11) over 3 years are 
shown in Figures 7 and 8. When grain ields were 

plotted as a function of seasonal FT. a linear rela-
tionship was found, which is in accord with the 
earlier discussion of Figures I, 2, and 3. Therefore, 
tie highest WI :F(defined as yield of grain seasonal 
ET) was obtained at the highest yield. lhe highest 

yields were obtained by full irrigation of e cry fur-
row to supply sufficient water to meet csapotian.pi-
ration demands. [he lowest viclds shown ii Figure 7 
were from dryand plots, and tie remainder of tile 
yields were from l.l)-svsteni plots that recei,.ed 
either 125, 185. or 250 mm irrigation water dtiring 
the growing season. [lie amounts of irrigation water 
applied are the aserage for !he entire field; but, as 
indicated in Figurc 6. the tipper end of tile field 
received the greatest amount, and the lower end of 
the field receised either none or %er' limited 
amounts. Ihe values presented are the integrated 
yields for the entire length of the fiel, 

Figure 8 shio\s the increase iin : 1 of tile \arious 
plots as a function of the amount of irrigation \ater 
applied. Evapotranspiration increased with increas-
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Figure 7. Effect ofseasonal evapotranspiration (ET) 
on grain yield of sorghum, using tile limited-
irrigation dryland s)stem (Stewart et al. 1983). 
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Figure 8. Increase in evapotranspiration (ET) over 
dryland as a function of the amount of irrigated 

water applied by the limited-irrigation dryland sys
tent (Stewart et al. 1983). 

ing aiounts of applied irrigation water, and as ET 
increased, gra in yields were increased, as shown in 
Figure 7. however, WU T (defined as yield of grain 
per unit of irrigation water applied) decreased as 
amounts of irrigation water were increased. When 
only 100 200 min of irrigation water \v, applied 
(see Fig. 8), there was almost an ctluivati'.t increase 
in evapotranspiration. Ihis is because with small 
inputs of water under tile 111) system, there %vastio 
runoff and \,el little opportunity loi leaching, and 
very little available water reinained in thc, soil at 
harvest time. [he highest grain yic:'.s occurred at tIhe 
highest irrigation levels, but the data: inl Figure 8 
illustrate the need to apply 500 600 nini ofirriutation 
water to get an incre;+se ill about 350 inm it evapo

transpiration. Ibis is h.aue of sibstantial losses of 
both rainhill and irrigation wkalr as runotf and 
becatuse large iltiatities of ,va\iablhi soil mater 
remain in the soil at ph siolhgical maturitv. 

The data shos i1 in F-iguur_ 8 tor field conditions 
tie valid it\ of the gcncrali/ed relation

ship presented in Iigjure 4; they cleariv sil\ that 
atiounts (f irigation water can be used 

more ctttcientIk on graui sorghuni b\ applyingsnall 
an20.61aouts to more laid titan by itull irrigating, less 
land. Ilesce, tile exte'nt of tile benefits and tile 
practicality and ecounomics of the practice will 
dependtl ni I lie saltue oftihe crop promany factors. 
duccd and the cost of irrigation are, of course. the 

dominant lactors. 
'. A. ,Hlowell (personal conmnicat ion, USDA 

Agrictultural Engineer, lBushland, lexas) has app
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Figure 9. Effect of crop value and irrigation cost on the amount of irrigation water that should be applied when 
there is ample land suitable for irrigation but water supply is limited (based on personal communication from 
T.A. Howell, USDA-ARS, Bushland, Texas, 1985). 

lied the concepts of Martin et al. (1984) to the of the relationships of transpiration and evapotrans
response curve shown in Figure 8. The resulting piration to dry-matter and grain yields, and to water 
relationships between cost of irrigation (quantified application rates. Unless these relationships are 
as fixed cost of the overall irrigation system), value understood, it is very difficult to make correct deci
of crop, and amount of irrigation water that should sions regarding the efficient use of irrigation water. 
be applied for maximum net return are shown in Also, since WUE is used in many different ways,
Figure 9. The relationships shown arc for the case these relationships must bk understood so the WUE 
where there is ample land suitable for irrigation but values can be correctly interpreted. These relation
the water supply is limited. The curves in Figure 9 ships must be further interpreted with regard to risk 
illustrate that when irrigation cost is low and the management and economics, because these factors 
value of the crop is high, net return is enhanced by often dictate the final decisions. 
spreading the limited amount of water over a larger 
area. However, if irrigation costs are high and crop 
value is low, net return is greatest when less crop area 
is irrigated sufficiently to obtain near-maximum References 
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high-value crops can be grown. 	 Arkley, R.J. 1963. Relationship between plant growth and 
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Discussion 

Piara Singh: How do you optimize the use of fertiliz
ers in a nonuniform system of application of water 
and seeding? 
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Stewart: Depending on the tillage and cropping sys-
tern, fertilizer can sometimes be applied at right 
angles to tilefield and changing the rate down the 
field. Ideally, the fertilizer should be added with the 
water so that the fertilizer istruly optimized with the 
water because they are always added at the same 
ratio. 

Virmani: A very interesting concept. It appears to 
have wide application on drylands. The concepts of 
intercropping, cropping for risk distribution, and 
changing crops in tie irrigated and dryland part of 
the stripfurrow could be applied to the developing 
countries. 

Stewart: Yes, but to put intercropping into systems 
with our harvesting techniques is diflicult. 

Willey: On the question of intercropping providing 
protection against drought stress, it is possible with 
some intercropping combdinations. It the total popu-
lation of both crops is not higher than that of tie sole 
crops alone, then the partial population of each crop 
can beliake like a low-population sole crop. [here 

tust obviously he some complementarity between 
the crops (e.g., different rooting depths) for this to 
happen. 

Sagua: (1) Intermittent application of irrigation 
water on Vertisols poses a problen because once tie 
cracks close tip (due to s%%elling, alter the initial flow 
of water) they cannot absorb more %satcr. In Lake 
Chad Vertisols, we havye to apply irrigation water 
very fast and over a short period. What is sour 
comment oti this! (2) Also illLake Chad, wc grow 
sorghum and rice illsummer (May-Septenber) 
under rainfall plus supplCmCntal irrigation. The 
same Ian( cannot be uitili'cdr a suhscqucnlt crop 
(wheat) in winter (Noember-April) beca use the 
time interval between the harsesl tof the summer 
crop and the best sowing date of the winter crop is 
too short. What is to be done to maximize water 
efficiency under these conditions? 

Stewart: Cracks pose problems during irrigation in 
Vertisols, but the use of little dlls illthe furrows 
help. Also, a high flow rate of irrigation water is 
advisable. 

Dudal: How are the little dams within the furrows 
constructed? 

Stewart: They are made by a mechanical device that 
simply has a paddle dragged from a tool bar. About 
halfway between the tool bar and the paddle is a 
wheel with a lug. When the wheel turns to the lug, the 
paddle is lifted, depositing the soil that forms the 
dam. The diameter of the wheel determines the space 
between the dams. In our area, we space the dams 
2 3 m apart. 

Taimeh: You have indicated that horizontal move
ment of water from a lurrow might not be desired on 
cracking soils. I wonder whether the surge irrigation 
technique developed in Utah was incorporated into 
the system you presented! 

Stewart: For 2 years we hive used the surge system 
in some of our treatnents. 'lhc surge technique uses 
an intermittent application o;f waler; for example, 
cycles of I hour on and Ihour ofl.In our experience, 
the surge system allowed us to apply water so that it 
was distributed further down tie field. 

112 



Use of Vertisols for Rainfed Sorghum 
in the Central Clay Plain in Sudan 

Ibrahim A. Babiker' 

Abstract 

A bout 33, of the cultivated land in the Sudan isplanted with sorghum, the main staple food ofthe 
population. The principal sorghurn-growing area is the low-rainfall savanna of the CentralClay 
Plain. where most sorghum is grown b'mechaniled larming. Sole cropping and the absence of 
krtilizer use has caused a declane in yields and degradation of the soils. The main problems at 
present are difficulties in land preparation and timelv sowing, lack of frtilizer inputs and crop 
rotation, and inadequate control measures forpests and diseases. Improved crop varieties are also 
required. Socioeconomic factors must be taken into account. There is scope for considerable 
increase in production if intevgrated research and development programs consider both the interac
tions between the various yield-reducing factors and the socioeconomic environment. 

Risum6 

Utilisation des Vertisols pour lesorgho pluvial dans les Plaines centrales argileuses du Soudan :Au 
Soudan, environ 33§; des terres cultiv'cesproduisent du sorgho, alinent de basede la population. Les 
principaux terrains ou poussent le sorghose trouvent dans les savannes alaiblesprcipitations, dans 
les Plaines centrales argileuses, oirla plus grande partie de ]a culture du sorgho est nikanis&'. La 
monoculture et la non utilisation de krtilisants ont provoque un dLclin des rendements et la 
dc,radationdes sols. Actuellement. les principaux\ problmes sont. d'ibord les dli/ficult~s deprcpa
ration de sols et It's semis en temps opportun, Ilibsence d'engrais et de rotations de culture ainsi que 
les mesures de lutte inacMluates contre Ics ravageurs ct les maladies. Des varit~s an]liores sont 
atussinecessaires. Des ftacteurs socio-econoini ties doii ent ctre pris en compte. Ily a des possibilits 
pour augmenter sensiblemnent /a production si la recherche intrce et les programmes de dtvelop
pement envisagent en nnemutemps (I) les interactions entre les diff'rents lacteursqui rcoduisent les 
rendenents et (2) /'environnenent socio-conomique. 

Introduction land issuitable for growing avariety of crops. At 
present, only 7 million ha under rainfed conditions 

Sudan is a vast country that lies approximately and 3 mnillion ha Under irrigation are cultivated to 
between 4-22' N and 22- 28' E; it has great agricul- grow agricultural and horticultural crops. Natural 
tural potential. About 80 million ha of cultivable and cultivated forests cover vast areas, especially in 

I,. rofessor and National Research Coordinator (Soils), Agricultural Research Corporation. Wad Medani. Sudan. 

ICR ISAT (International Crops Research Institute for the Semi-Arid Tropics). 1989. Management of Vertisols for improsed agricultural 
productii: proceedings of an IBSRAM Inaugural Workshop, 18-22 February 1985, ICRISAT Center, India. Patancheru, A. 502 324, 
India: ICRISAT. 
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the central and southern parts of the country. 
Agriculture is the backbone of Sudan's economy: 

it provides livelihood for over 84% of the population 
(estimated at 22 million) and accounts for over 90% 
of the exports. It provides food for the people, raw 
material for industry, and commodities for export. 

Ecological Zones 

Sudan has a simple physiography; its climatic zones 
tend to be stratified in belts extending across the 
country from east to west, roughly parallel to the 
latitudinal lines. The major climatic zones include: 
a. 	 The arid zone-north of 170 N; annual rainfall is 

less than 75 mm per year. 
b. 	 The semi-arid zone- -between 14 17" N; annual 

rainfall ranges from 75-300 mm. 
c. The low-rainfall, grass-woodland savanna -

between 10 14' N; annual rainfall is 400 1000 
mm. 

d. 	 The high-rainfall, woodland savanna- -south of 
10' N; annual rainfall is 900 1500 am. 

Rainfall increases from north to south, as does the 
length of the rainy season. Vhc peak of the rainy 
season is always in .uly and August. Throughout the 
year, average temperatures are high; relative humid-
ity is low, except during the rainy season. Most of 
the land is level. The soils have a moderate level of 
chemical fertility, 
The most important zone foragricultural produc-

tion is the low-rainfall savanna, which occurs in the 
Central Clay Plain and supports both rainfed crops 
arid major irrigated agriculture, such as that in the 
Gezira, Rahad, White Nile, Blue Nile, and Halfa 
Schemes. 

The existing land use in the Central Clay Plain is 
quite diverse, including: 

a. 	 irrigated cultivation; 
b. 	mechanized rainfed cultivation; 
c. 	 traditional cultivation; 
d. 	animal raising, range management,and pastures; 
e. 	 horticultural crops; 
f. 	 forestry; and 
g. 	 wildlife reserves. 

Of these, mechanized cultivation of rainfed crops 
is most important for food proituction. The princi-
pal crops grown include cotton, sorghum, millet, 
groundnut, sesame, and wheat. Irrigated cotton, 
grown in Gezira, is the most important export crop. 
But the main crop grown under rainfed conditions in 

these areas is sorghum, the staple food of the 
population. 

Sorghum Production on Vertisols ofthe Central Clay Plain 

In the Central Clay Plain, most crops are grown
under rainfed conditions. Food production, espe
cially of sorghum, has a very high national priority,
and sorghum is grown as a summer crop both 
rainfed and under irrigation. By total area, sorghum 
cropping ranks first, comprising about 33% of the 
entire cropped land in the country. 

About 2.5 million ha of sorghum are planted every 
season by mechanized farming. Seed is sown by
machine at a rate of about 6 kg ha-'. No fertilizer is 
used, and the crop is weeded by hand. Harvesting is 
also done by hand, arid a stationary thresher is used. 
The straw is an important source of animal feed. 

The current mechanized farming system used for 
sorghum is far from optimal. In a way, it can be 
considered a monocropping system: new land is 
sown with sorghum for the first few seasons with a 
minimum amount of tillage. Yieldsare initiallysatis
factory, but they soon decline toa very low level and, 
hence, land is abandoned. Cropping is shifted to a 
new land area, which had been under native grass 
fallow for some years. There is, of course, a limit to 
such a practice of"mechanized shiftingcultivation." 
Because of its harmful effects on the soil and envir
onment, and a continuous decline in yields, such a 
wasteful use of land can no 	 longer be accepted. 
Production constraints are many and of different 
kinds, but there is scope for considerable 
improvement. 

Following is a brief discussion of topics that need 
research and improvements in Vertisol technology. 

Land Preparation 

The usual practice for land preparation in mechan
ized farming is to cultivate the soil to a shallowdepth 
once or twice, using the wide-level disk harrow, after 
the initial rains which occur in May or June. The 
second cultivation is done in July, when the crop is 
planted by machine. No further tillage operation is 
done. Improvements in cultivation techniques are 
possible through the use of heavier machines for 
deeper plowing and other machinery for finer 
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seedbed preparation. Care needs to be taken, how- Gadam El Hamam, I).W. Milo, and the hybrid 
ever, to pre,,ent soil compaction in these heavy, Hageen Durra I will no doubt lead to increased 
cracking vlays, production and thus help alleviate the present strain 

on food production in the country. 

Crop Rotation 

The framework for good crop rotation should con
sider the amount of rainfall and the nature of the 
soils. '[he officially rcommended rotation is 
sorghum-sesame (or groundnut), but farmers do not 
adhere to it. 

Rainfall and Sowing Date 

Rainfall and sowing date are the most important 
factors that affect crop yields. A rainfall of 500-800 
mm with reasonable distribution is optimal for 
sorghum. The most suitable time for sowing isJuly; 
later planting commonly causes yield reduction and 
may expose the crop to sorghum midge, which call 
also cause heavy losses, 

The situation can be improved by developing var- 
ieties suitable for each agroclitnatic lone. Ihis work 
is in progress. 

Use of Fertilizers and Ilerbicides 

No fertiliier is applied for sorghtm productioti 
under mechaniied farming. [ he soils of the Sudan, 
however, are known to he deficient in nitrogen. 
Therefore, evaluation of the use of fertilizers is 
essential. Similarly, the ise of herbicides Must be 
seriously examined. 

Use of Improved Varieties 

Sorghum varieties released by the Agricultural 
Research Corporation are not grown in most of tile 
mechanized farming schemes. These varieties are 
combinable (suitable for harvesting with modern 
combine-harvesters) and give high yields, but accep- 
tance by farmers is poor. local varieties now in use 
are not conbinable, lack t niformity ingrow-th and 
maturity, and have low yield potential. 

The present efforts of the agricultural research 
service, the national seed administration, and the 
extension service in promoting the cultivation of 
improved combinable sorghun varieties of Dabar, 

Pests and Dieases 

Crop losses due to insects art- estimated at 20%, due 
to storage pests at 5 15(,,and doetodiseases at5%. 
Striga, birds, and rats can also cause appreciable 
crop losses at times. '[here is wide scope for develop
ment of good pest control methods. 

Conclusions 

Most of the factors discussed require further 
research, but such studies should not focus on one 
factor in ;solation from the others. Some of the 
factors are interdependent; various combinations of 
factors need to be examined, to assess the relative 
importance of each and the extent of its dependence 
upon the others. An integrated approach will facili
tate the xenttoal deelopment of various packages 
of cotnponcnts, from which the fartner can choose 
the one most appropriate for his environment and 
needs. 

Food production in the Sudan is approaching a 
critical stage, and ;ahigh priority has been given for 
rapid action. The order of activities has been estab
fished: first, research is required, then application to 
management systems. then ain extension effort. 
loward these goals, a series of applied research 
investigations is being planned; the approaches 
being used in the Canadian IProjcct at Simsin on 
applied soil and crop management appear to be most 

appropriate for our needs. Additionally, a joint 
effort is required from all relevant institutions-- the 
Agricultural Rescarch Corporation, the Production 
Schemes Managemi'nt, and other institutions. Dem
onstration farms wilt greatly assist in the transfer of 
improved systems to farmers of the surrounding 
areas. 

A Vertisols network would be of great assistance 
in promoting a flow of ideas for all stages of develop
merit of improved systems. A high level of interest 
exists at present in the Agricultural Research Corpo
ration and the Soil Survey Administration in favor 
of participation in a Vertisols network. 
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Discussion 

Blokhuis: (I) Soil deterioration is often mentioned 
in the mec'Pizcd crop-producton schemes. But 
what exactly is the nature of this soil deterioration? 
Is there loss of structure (related to loss of organic 
matter, perhaps), and is there soil erosion on tie 
slightly sloping Clay Plains? (2) Do you know how 
(slight) the slope is on the least sloping lands that 
suffer from soil erosion'? 

Babiker: (I) Soil deterioration is occur inu because 
hca',, rainflall causes sealing of the soil surface, and 
tl.e runoff water causes sheet erosion. But definitely, 
tile
loss of structure is the major cause of deteriora-
tion. (2) Yes, there is soil erosion even on very slight 
slopes: for ,xamplc. a siope of I' exhibiting some 
soil erosion %ithheavy rainfall, 

Jutzi: What is the ratio of rainfed to irrigated agri-
culturat use of Sudanese Vertisols'? 

Babiker: It is 710:30. 

Ilawando: (I) lDo Vertisols illSudan fix P? Is there 
any response to applied IF? (2) las tileuse of lieav 
machinery. particularly in the Gc/ira schetie in 
Sudan for5) to60 .ear,causced soil compaction ald 
low water infiltration.' (3) )oes the burning of cot-
ton stalks affect the structure of the surface soil? 

Babiker: (I ) Yes. there is a ccrtai:i amount of fixa-
lion. Ihere is a response to applied 1) in cotton and 
wheat. Ihere isalso tN' P interaction in laba beans 
and tegetables. (2) [herc isno evidence of soil corm
paction due to the use of machinery in the (icira. 
Infiltration rate of w.ater is slo\, especially a day or 
two alter irrigation %,ater has been applied. (3) [he 
burning of cotton sialks uJsed to be a necessity to 
control blackarm it, cotton, bit I agree that it is a 
waste, and that t better method for controlling this 
pathogen could be developed. 

Sagua: Illthe Geiira irrigated 'ertisols. %hatiherbi
cides are used and lo\tare they applied'? 

Babiker: The preemergent herbicides, Rostat, Zor
ial.and Cotran, are used and are applied mainly by 
aerial spray by aircraft, bit also by vicon spreaders, 
sometimes with the fertili/er. 

Woldeab: (I) What are tilemajor reasons for the 

large differences between national average yields 
and the research yields'? (2) What soil lertility investi
gations have been carried out on the Vertisols of 
Sudan? 

Bahiker: ( I) The main reasons for the yield gap are 
the problems of land preparation, sowing date, 
method of applying %iater, good husbandry practi
ces, and some lack of' attention on behalf of the 
farmer. Late sowing isone of the main causes of low 
yields. (2) We surveyed (using semidetailed maps)
tile
Vertisols of Sudan; in a few other places, agricul
tural schemes are being set up and these are surveyed 
in detail. Broadly, the general profile characteristics 
are being worked out. 

Virmrani: (I) What is tile use of animalscale of tile 
drawn equipment in Sudan'? (2) Where can we get 
agrometeorological data for tileVertisol areas of 
Sudan'? 

Babiker: (I) The use of animal-drawn equipment in 
the Sudan is very limited. It is confined to small 
holdings of intensive agriculture around tileNile 
Banks, especially in tilenorthern region. But tile 
types of agricultural practice we are talking about 
are too big for those and, hence, we get tileuse of 
machincrv. (2) Agromtetorological data can be 
obtained from the few stations scattered intile Ver
tisol area, but if a special type of agriculture is to be 
practiced, ihen agronieteorological instruments are 
installed oi tile site. 
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Cropping Systems for Vertisols in Different Rainfall
 
Regimes in the Semi-Arid Tropics
 

R. W. Willey,' R. P. Singh, 2 and M. S. Reddy 3 

Abstract 

Thispaperdiscusses the major advantages and disadvantagesofdifferent types ofcropping systems 
appropriate for Vertisols in the semi-arid tropics. It draws examples from a wide ratgeof on-station 
experiments and on-farm projects carried out by ICRISA T and Indian national programs. For the 
higher rainfall areas (> 750 mm annual average), there are several sequential relay, ratoon, and 
intercropping systems that allow cropping during both the rainy season, which is traditionaliv 
fallowed, and the postrainy season, which is traditionally cropped. Emphasis is placed on a 
pigeonpea-based intercropping svstem that avoids the need to establish asecond crop at the end of 
the rains. A promising pigeonpea ratoon svstem salso described. The drier Vertisol areas (< 750 mm 
averageannual rain) need contingency systems, based on the traditional pattern ofpostrain v-season 
cropping, which also allow rain v-season cropping in good rainfall years. Dataare presented for both 
wetter and drier locations to show how asimple water-balance model can help predict thesuitability 
of different systetns tor agiven rainfall regime. 

Rsum 

Syst~mes de culture pour lesVertisols dans diffirents rigimnes de pricipitations : Cet article expose 
les principaux ai antages ct inconv~nients des diffkrents types de production agricole qui convien
nent aux Vertisols dans les zones tropicales semi-arides. 11pr6sente des exemples d'un large ventail 
d expcriences en milieux contr6lO et rel rcalis'espar 17CR ISA T et des programmes indiens 
nationaux. En cc qui concerne les zones de pr6cipitations plus 6levces (-> 750 nn de precipitations 
annuelles no'enncs),ilya plusicurs svsties de culture (s'Squenti,, de relai de repousses et associO 
qui permet tent /a culture pendant la saison des pluies, qui est traL,.:ionnellement en friche, et aussi 
pendant Ia saison post-pluviale traditionnelleneut cultive. L tIcccnt est porto sur on s'st&me de 
cultures assocics Abase de pois d'Angole qui vite le besoin dltablir one deuxime culture ., la fin 
des pluies. I /n svstimc prometteur avec lne culture de repousses du pois d'Angole est aussi d~crit. 
Les rc4ions de Vertisols plus sches (<-750 mn de precipitations annuelles movennes) ont besoin de 
sYstms d 'ientuait fonds surle modele traditionnel de culture de saison post-pluviale, mais qui 
permet 6galementde cultiver pendant /a saison des pluies dans les annbes de bonnes pr&cipitations. 
Les donnes sont prcsentnes pour les emplacenents aossi bien plus humides que plus secs, afin de 
nmontrer comnent un simple modle de bilan hy'drique peut contribuer ;)prvoir laptitudedes 
ditkirents svsttmes pour on rtgime determine de pre'cipitations. 
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Introduction 

A cropping system is usually defined as a combina-
tion of crops in time and space. Combinations in 
time occur when crops occupy different growing 
periods, and combinations in space occur when 
crops are interplanted. When annual crops are con-
sidered (as inthis paper), acropping system usually 
refers to the combination of crops within a given 
y'ear. 

The agronomic or physiological objective of a 
cropping system is to make efficient use of growth 
resources for as much of tileyear as possible, se that 
high and, or stable productivity can be achieved. At 
its simplest, this means that cropping should start 
immediately at the beginning of the potential crop-
ping period; also, inefficient periods with little or n, 
crop cover should be reduced to a minimum, 

The main ciima tic feature that affects cropping 
systems in tile seni-arid tropics, whei-c 70"1 of tie 
Vertisols occur, is the alternation of wet and dry 
seasons. Thus, appropriate cropping systems for 
rainfed areas are largely determined by the period of 
moisture a ailability. which, in turn, is primarily 
determined by the distribution and amount of rain-
fall. An important feature of the Vertisols them-
selves, of course, is their %cryhigh moisture-holding 
capacity. This not only provides a buffer against 
drought stress during periods of erratic rainfall but 
also considerably extends the potentia! growing 
period, 

This paper illustrates the principles for determin-
ing appropriate cropping systems lor Vertisols hy 
reviewing vork in the seniii-arid areas of India. These 
areas typically it\e iashort rainy season of about 
3 4 months, during which 80 9("i of the total 
annual rainfall is received. Mean annual rainlall 
ranges from 500 to 1250 nim. To consider tlte broad 
types of cropping systems possible in these areas, we 
can divide the potential cropping period into two 
seasons: rainy and postrainy. The total amount and 
reliability of the rainfall directly determines crop-
ping during the rain\' season. and, as discussed litter 
in this paper, either insufficient or excessive rainfall 
may severely restrict crop growth. lPostrainy-season 
cropping depends on how riuch moisture isstored in 
the soil profile at the end of the rains. The different 
situations where cropping occurs inlone or both of 
these seasons are discussed in detail later inthis 
report. 

The types of cropping systems that may be appli-
cable in tiledifferent Vertisol environments are 

briefly described below. 

1.Single cropping. Only one crop is grown during 
the year. The crop may be a relatively long-season 
one, occupying both rainy and postrainv seasons, or 
it may occupy only a short part of the potential 
cropping period (e.g., the rainy, season or the pos
trainy season). 

2. Sequential cropping. Two crops are grown during 
the year, one after the other. In the past, this system 
commonly was termed "double cropping," but the 
term "sequential" is now Preferred to distinguish it 
from the other two-crop systems (described later). 
The essential feature of sequential cropping is that 
the two crops do not overlap: the second crop is 
sown only after the harvest of the first. On Vertisols, 
the first crop is generally grown during the rainy 
season, and the second uses the residual soil mois
ture during the postrainy season. 

3. Relay cropping. A second crop is sown shortly 
before the harvest of the first. The period of overlap 
is short, usually about 2 3 weeks: the second crop is 
established when tilefirst crop is senescing and 
allows an increasing amount of light transmission to 
ground lcvel. Although it is difficult to draw a rigid 
demarcation between relay cropping and intercrop
ping (see no. 5), the major distinction is that there is 
no significant intercrop conipetition iii tie reltysys
tern because tileperiod of overlap is too short, and it 
occurs when neither crop is making much demand 
on resources. 

4. Ratoon cropping. The stubble of a harvested 
crop is allowed to regrow to produce a second crop. 
This is possible only witha limited number ofannual 
crops because it depends on a crop'sability to peren
nate. The second, or ratoon, crop has a shorter 
growing period (by about 2-3 weeks, in the crops 
considered liater) because of its rapid start from the 
established stubble. 

5. Intercropping. Two or more crops are grown on 
tile same area of land at the same time. The crops 
may be grown either in separate rows or ina more 
random mixture. Te important feature of this sys
terni isthe intercrop competition, which may result in 
several types of interactions between crops. On Ver
tisols, intercropping may take one of two forms: an 
early-maturing and a late-maturing crop can be 
sown together at the beginning of the rainy season, 
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the early crop being harvested at the end of the rainy 
season, and the late crop at tile end of the postrainy 
season; or, two relatively short-season crops can be 
grown during either tile rainy season or the pos-
trainy season. 

Traditional Cropping Systems on the 
Indian Vertisols 

In semi-arid India, the majority of Vertisols are left 
fallow during the rainy season. Sowing is (forte 
toward the end of tire rains, or shortly afterward, 
and a single postrain\ -season crop israised using tile 
stored soil moisture. In Central India. the main 
crops are sorghnum, chickpc, and it) a lesserecxtcnt. 
safflower; they may he grown as sole crops or ill 
intercropping combinations. In tire North Central 
Plains, tire main crop is Mhcat, most often its a sole 
crop but sometimes initrcroppcd with chickpea 

Although tire rainy-seasol tllow is presalcnt 
throughout tile Vertisols. the reasons for its occur-
rence vary. Ill the areas of low and erratic rainfall. 
rainv-season cropping is risk\,, despite the good 
nioisturc-ioldirg capacity of tie soil, hecaIrse there 
is only stillicierrt tmroist1rre to support a limited 
period of cropping. I hs. by bare-tltihming dirring 
the rainy season arid allowing taintall to acculrritiltc 
in "he soil. tile Ifarnic is able to eros a relati\ely 
ISsurcd postlaillV-scasor crop uLSur'I tire safely 
stored tnoist,,,e. I his isai astute traditional practice 
that is dillicalt ti iault. On the other hand, Ii wetter 
areas that. itt thcor., coild sutipport aitmnch loniger 
period ol cropping, fartirers trav lloss dmig tirema 
rainy season becaurse tire wet soil becoilles too sticky 
and dilicult to mana ge and crops may suitfr froi i 
waterlogging. (ircwiing onil postraitv-scason crops 
in these \ctter areas isavery incrlficiertt use Of al\ili,-
bie noisttrc; itt addition, tire tlllCroppcd illid is 
prone to sccre crosion during the teas\v rains, 

Inrsome \crtisols where r1iriturC is aiiItatc but 
ne't cxcessie. there is at least sorrie traditional uwe ol 
tile rain"\ t iost comottlon areseasonfir. s\serrIs 

based oi cotton, tire crop aissociated %\itli Vertisol, 
ill 1iia11v parts ol the %\orld.hut coitrir tends to he 
so%; \\eil after tire begiitring t the rairts, probihabl 

so that it ,\sill establish during the latter part of th, 
rainv season lild fi' use the postrainy season for 
growth. ThIis rather htite estaiblishienrCit. coupled %%ith 
cotton's slo. initial gro\iri, result,, itt incomplete 
use of early rainy-scasr n resources. ('Ctton iscorn-

rnurrly intercroppcd with occasiontal rturus of pigeon-

pea, but because pi-conpca also establishes very 
slowly, this particular combination does not 
improve overall resource use. I some areas chillies 
or coriander are also planted late in tie rains, and 
they play a role sonewhat similar to cotton. 

When considering this broad division into wetter 
and drier Vertisols, it is important to take into 
account tire position ina toposequence (especially 
the effect on depth and texture of soil, to the extent 
that these vary within the strict definition of Vertis
ols), which also affects moisture conditions. For 
exampie, tire cotton systems described can typically 
be found on the higher, better-drained parts of the 
toposequence. whereas, at tire other extreme, 
rainfed rice might be found in flooded hollows. 
Rainfl-d rice. surprisingly, is not a common rainy
season crop on the wetter Vertisols. This is probably 
duc to tire relatively long growing period of tradi
tional varieties, which precludes so\iiga postrainy
season crop; in effect, thiclfore, rice simply replhces 
the traditional postrainy cereals of wheat or 
sorghturnr. l3Ccatusc of their underexploited cropping 
potential, research has focused primarily on the wet
ter \ertisol areas in tile semi-arid tropics. Moreover, 
because of their potentially long cropping period. 
these \wetter aieas pro\iIc tire greatest scope for a 
range and variety of cropping systems. I-or these 
reasons, tile possible cropping systems for wetter 
Vertisol areas are given niost attention int this paper. 

Experimental Approaches 

lie initial approach t' both the Indian Council of 
AgricU!trral Research (ICAR) arid ICRISAT in 
experimental wor!: ot cropping systetms was to 

examine ,i targe number of crops and systerms itt 
relativelv stiall plots. As more promising crops and 
svsterls hiave been identified. there has been a move 
to larger. operational-scale plots that incorporate 
the use of btullock-drawn equipment and economic 
lcecls ot inputs such as fertili/ers, cietrical sprays. 
arid \%ceding. Ihese larger plots ihac provided rilore 

realistic estimates of field-scale yields and likely cO
tiurlic rcturns. Sorme syVstems irsc also been exlln
itted liver s,:\er-l \cars itt tire c\en larger-scalc 

atersicd areas att ICRISA I Center. 
Itt the National I)rland Agnicultural Research 

Irojcct. niultilhcational experimentation or( cr(rp
ping systcmrs has been carried out ott Vertisols overa 
range of dillerent rainfall reginies. Also, a broad 
\aricty of systems hits been examined in three ICA
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R/ICRISAT on-farm projects; one in a less-assured 
rainfall area at Farhatabad, Karnataka (700 mm 
mean annual rainfall); one in a rainfall regime sim-
ilar to that of ICRISAT Center at Taddanpally, 
Andhra Pradesh (800 mim); and one in a welter 
North Central Plains area at Begumgtunj, Madhya 
Pradesh (1250 am). At the third location, someexperiments have also been conducted on a neigh-
boring seed farm to examine a wider range of crop-
ping systemris options. In the following sections, 
examples are drawn from the whole range of on-
station and on-farm activities. 

The Wetter Vertisol Areas 

Krant/ et al. (1978) described a graded bed-and-
furrow system of land and water management, 
designed to improve drainage and workability of 
Vertisols and to allow rainy-season cropping in the 
wetter areas. Iln this technology, the beds are ila-
lively broiad (150 cii furrow-to-furro w), whicl 
allows considerable flexibilityv of rowiarrangement 
for both sole and intercropping systems. In addition, 
the rainy-season crop is so%%n ina dry seedbed before 
the onset of the rains. Not tnly does this dry-sowving 
technique ensure an early start to the growing
period, but also it avoids cultivating and sonritig
after the rains base begun, when it may bediflicult to 
get onto the land because of the %%et conditions, 
Iloc\er, tie technique relies on a relattielyassuired 
onset of the rainy season. Virmani et al. (1980) esti-
nated that the lo%-risk areas hor dry seeding %%ere 
approximately those that also had t sufficient 

tniloilni and dependability of rainfall to sustain 

cropping throughout botb the rainy and postrainy 

seasons. These are itpproximately tile treas recei ing

750 nimor more annual rainfall. It isthese assured-

rainfall areas that are being considered in tie discus-

sion here of possible cropping systens. 

Sequential Cropping 

The initial objective of ICR ISAT cropping systems 
experiments %kits to determine the feasibility of 
replacing the fallow with t rainy-season crop and to 
examine whether this jeopardi/ed yields of sequen-
tially sown, traditional. postrainY-season crops. lBv 
coiparing rainy-season cropping wfi 111wiowing 
over a 3-year period, it was found that a good rairiy-
season crop of mai/e could be grown with little or no 
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yield reduction in postrainy crops of sorghum or 
chickpea (Table I). A similar pattern was found with 
a postrainy-season crop of pigeonpea, although ear
lier sowing after fallow produced 29% more pigeon
pea yield than sequential sowing after maize. This 
pigeonpea system emphasi/es the one possible prob
lem with adding a rainy season crop to tie system:delayed sowing reduced yiel of some postrainy

season crops. Although no yield redtuctions Occurred 
with post rainy-season crops of sorghui and chick
pea in these early experiments, current recomien
dations fro ICAR arc that pist rainy-sea son 
sorghuni should he sown by mid-Spteniber to avoid 
shoot flv attack, but this is still earlier than can
normally he achieved after a full rainy-season crop. 
I.,ter experiments have not included comparisons
with fallowing, but operational-scale experiments 
both at ICRISAT Center (Fig. I) and in Madlya 
Pradesh (Fig. 2) have confirmed that rainy-season 
mai/e can still be followed by good crops of chickpea 
aid saI1l]Mwer. 

Rainyv-sea soil sorghIi uiii was also examined in 
these early ICRISAI experiments, and in the first 
year (see lable I) there was adrastic yield reduction 
ill the postrainv-season crops of chickpea, pigeon
pea, and sorgitni. Ihis was thought to he a phyto
toxic effect of the kind quite widely reported atfter 
sorghum (Nanibiar 1942, Singh and Singh 1966,
(iuenii ci al. 1967j. Tle literature suggests that this 
effect is little understood and %cry erratic, and it 
seems clear that the reductions reported here were of 
utntusutal s~eseity. In the t%%osubsequent years of 
smlall-plot experiments, there %%ereno visual signs of 
phytotoxicity, but yields ol pistrainy-season crops 
lter soIguni were less tlhtn after mii/e: sorghum
by 1471, chickpea by 197, and pigeonpea by 12%. 

After a riaie crop. the second crop in a sequential
systeni can sometimes he sown directly into the stub
ble without culti\ating: atlter it sorghum crop, how
ever, the stubble usually has to be cultivated to 
prevent regro\lth. his is one practical fatctor that 
affects the choice of mai/e or sorghur as a firstseason crop. Other factors include tie respective 
yields of lie l crops, the nced forgood forage, and 
tre risk of specitic diseases rtbird darnage, but these 
tactors are independent of the system in which tile 

crops occur. 
lhe All India Coordinated Research Project for 

l)ryland Agricult (ire (A ICR PDA) has examined the 
possibility of early-riaturing (100 105 days) rainy
season rice in sequential systens. At Rewa, in Mad
hya Fradesh, yields of about 2.5 t ha-I of rice have 



Table 1. Grain yields (kg ha-') from small-plot experiments grown on Vertisos at I('RISAT (enter, 1977/78 to 1980/81. 

197778 1978 79 1979 80 1980 81 

Post- P~ost- 'ost- fPost
rainy Rainy rains, Rainy rainy Rainy rainy Rainy

Treatments' season I season Sason eilson aseSOiI seil sn Wils)n Wilson 

Fallow + rel. sorghum 2890 27510 2710
 
Fallow + seq. sorghum 2860 2570 -

Fallow + rel. pigeonpea 
 89)0 810 110011
 
Fallow + seq. pigeonpea 680 741 -

Fallow + rel. chickpea 1010 1141 -

Fallow seq. chickpea 
 1461) 1361) 1500)) 

Maize 4 rel. sorghum 3070 2690 3191) 2601)
 
Maize + seq. sorghum 3040 2650 3160 2410
 
Maize + rel. pigeonpea 910 721) 31610 841) 
 3271) 6110
 
Maize + seq. pigeonpea 4020 730 33110 660 31)30 621 -

Maize + rel. chickpea 970 1100 3050 981 -

Maize + seq. chickpea 12810 1381) 31)2)) 14510 3341) : .
 

Sorghum + ret. sorghum 10011 2340 3841) 2440 -

Sorghum + seq. sorghurn 651) 2120 3751) 2211 -

Sorghum + ret. p'pea 531) 
 661) 3600 821) 3830 550
 
Sorghum + scq. p'pea 31210 381) 2531) 600 3900 
 54) -

Sorghum + rel. chickpea 190 930 375)) 811 -

Sorghum + seq. chickpea 170 
 1141) 3531 1431) 3721 F
 
Sorghum + ret. sorghum 
 - 3631 1861 3781) F 
Mung bean - seq. sorghum 621) 2581) -

Sorghum pigeonpea mitcrcrop 
 3600 11610 3621) 1280 

Sorghum pigconpea 3650 991 - 
intercrop-rat, sorghum 
 261) 

Sorghum pigeinpca - - 3660 1200! F 
intercrop-seq. chickpea 

Maize pigeonpea intercrop 2991) I110 322)) 1150 

Maize pigeonpea 2991) 11611 3181) 1300 F 
intercrop-seq. chickpea - 530) 

L "Rel,"' and ",equentlal" aiter lali! are retitd to indicait. the siiting. ni tihecropping s, stein 
2. Uaiii-,ca oi icld, in 1977 7N and 1978 79 Acre 1lu stirtrd as in% phti neans 
3. V z crop laded. 

-been reported, folloted by altost 2 t ha I of the considerable risk. Harvest ola 100-dayrainy-season 
crucial postrainy-season wheat; postrainy-season crop occurs roughly at the cessation of the rains, and 
crops of chickpea, safflower, linsed, lentil, and good establishnent of a postrainy-season crop 
pigeonpea have also been good (Singh 1985). depends on end-of-season showers. The risks 

Whether based on sorghtutitf maize, or rice, these involved were clearly illustrated by the complete 
sequential systems suggest that in the setter areas lailire to establish a post rai ny-season chickpea crop 
virtually two full crops, each o about I00 days when the rains ended early in 19801 l (see Table I). 
mattrity. may he produced. It is evident even under In farming practice, these risks are likely to be even 
experimental conditions, however, that such sys- greater because of the problens of achieving a rapid 
tems can be difficult to manage, and they incur turnaround between crops: unlike experimental 
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Figure 1. Net monetary returns and grain yields from various cropping systems grown on deep Vertisols on an operational scale at ICRISAT 
Center, 1981-1984. 
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Figure 2. Net monetary returns and grain vields from various cropping systems grown on deep Vertisols at the Begumganj Seed Farm in Madhya 
Pradesh, India, during the 1982 and 1983 rainy and postrainy seasons. 
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situations, tie farner may have to spend considera-
ble time harvesting, threshing, storing, and even 
marketing his first crop before he is able to give 
much attention to sowing a second one. Nt strpris-
ingly, therefore, experience in on-farm projects indi-
cates that tile Ianner view\s sequential sylSlns ol Iwo 
full crops as sery demanding and highly risk-prone, 

A imuore easil. managed sequential system has 
been shown to he a illing bean (green gram) rains 
season crop followcd b\ soigliitrii f .i ian-theit-ii s 
tage of this systemn is that the %ery early-maturing 
mung (65 75 days) allosss armearl. assuired estab
lishlent of the sorghum. Inus is ia ystem alread' 
practiced b armers it) areas \hert. rainitall. and. 
consequetly, the risk (it toliar diseases ;id %,ater
logging, is lnot too high. A diladulantage of tile ss-
tern is tle relati',el, lIo " inung bean, and.siId of 
thus. tile IlO\ oserall S\sieni yield: nesertheless, 
farmers it tile laddanpall.\ on-fail proicct lase 
clearly prelcired this systel to tile potentially higher 
viehkling hut riskier rains-seaion cereal s.\stems, 
Mung bean has also bieen tried beforea transplanted 
chili crop. such itasdescribed cilicr, is nornialls 
planted qiitC late in tile rainiS. I his is nother 
deiariding seicitli lequling a rapid turrnaround 
beisseen the s\o ciops, bit it has beell stcc.ssftll.\ 
gro\ii both in Operational-scale. Iot-tlllin expert-
i ills aid ill (Ite on-larilli project at Iaiddillpilly. 

[lie sequential s\ s"tem If filting heain aind sNorghtuln 

also highlights tile adsiriaiges of Ila\ ini nloicereal 

rains -scason crop. \k Icli alhlsss tie reterition of the 

traditional poslrain\ cereals that lire .o comimnll oil 

tile Indian \erltisol. (AR expCimuents hi;\L placed 

particular niiplllhis oi pilses and Oulseefds, ill tle 

croppillg-s sleills expellilltils beciuise of tlie geri-
eral siortage Of tlese coi'ririou tiLes. I intotnr uIel\, 
choice of t-oicereali iil\-scison ciops is Inited. 
llack gram and Coss pea are possibilitie, bill the'\ 
yield little more thi ntilg beai aind, ii nans areas. 
Cosvpea is tinpopulalr. Sillillirlv . "esalle isa possibil-
its, bul esen its \ery' high unit saluC does riot sifful-
ciently (verconire its l%\ ield potertial. ()rni a lritcl 
more favorable note, lo tilte North (Central Pliains. 
where oil-extracion factoies i re rios\ establislied, 
so hai has art entorious potleritil because If its 
high vield and its tolerance to \urerloggiig. los\\-
ever, although lie so\ing lile of %%heat in this area 
is %%ell aflter hariest of lfie soy bean, ia sequenlial 
sstcll of soIbean-sllheat can still be ia problem 
because the Ih+irrner itay not be able to use end-of-
seallnt siowers for the good seedbed preparation 
that see in s so necessary for high iheat yield. 

A recent possibility for a ionccreal rainv-season 
crop is the extra-early type of pigeonpei (90 Ilo 
days niaturitv). Breeders have found it difficult to 
produce a genotype that is sufficiently early to allow 
postraiiny-season cropping, but in the 1984 85 
operational-scale trials at I('RISAI ('enter, geno
type IT. 4 was successfully follhwCd by sorghtnil. 
IPigeoipea yields \\cre onll' Moderate (tip to 883 kg 
la l. hi this same genotype has yielded over 
tonle in another ICRISAT experiment, and the 
future for this crop looks promising. 

Relay Cropping 

Compared svith seqntiitial systems, the earlier sow
ing of second crops ill relay sy*,tens has several 
potential adsantageS. One fairlytoh\ilisadvantage 
is that tile total cropping period is shortened, so 
second crops are less likels to run oUt 0i uroisttire at 
tile end if tIte season. Unrder tile rainfall regimes 
typical If ltie Indian Vertisol areas, hos\eser. probia
bl\ tlenmaoragromonic advantageisthatestablish
rilei of (te second crop is more assured. This is 
prinaril dtie to lte gcater Ilikeli hood olfcali ing 
erdt-ot-sc'iisoil sliosscrs. bill there is also sortie benefit 
fl)ti lre first crop, MlsicliilaLrds lsome protectioin 
iglillnsl dr\,ig tl of tilte soil surlace. Ihis greater 
ilsslriice If estiblislimnt sas clearlsC\ ideit in ilte 
ICRISA I 1980) 8 1 experirntcrrn. Becatuse lit rains 
elided earlI that year. rellit crops of pigeoipca were 
established altel lial/e and soighnli., but sequential 
crops of chickpea did ilot ,.stablish ( lable II.
 

li delining rela\ cropping, \%Celnphasi/ed that
 
there is no significant corpetitioi between crops. 
I Ins, in thilmors, tile s\siem soliiu1d produce yields 

equisLaleIll to tire full potenitial Ot i sequential sys
elli. Ihloe\ser, earls ICRISA I experimlents shoswed 

that, at least lor the second crop, there can be consid
erable saliatioi in this pattern I(see [able I). Wile
reas i relax crop ofllorglluri proLduced sields similar 
to it sequentially\ s(vrn crop, relay pigeorpea pro
duced higher yields and rela' chickpea lo\er. -hese 
ditterit effects \%ere riot (ofie io tlre relay s stem per 
se. bcause similar differences occurred if the crops 
%%ere so%\ri al filte relay and sequenLial tihmes aflter 
fallos\. Cleirls the' were simpIe tlite-f-sovihg 
effects: the earlier relay somirig bciefitted the porert
tially loni g-seasll pige.orpei, but it \%s too early' for 
the chickpea, s chihhas i Iirly critical optimiil 
sos\'ing tine because if its adaptation tot the 
post ra i ny-sea soi coill-icilperatunre pattern. 
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The practical advantage of relay systems is that 
the second crop can be sown before the first isharv-
ested, eliminating the problem of rapid turnaround 
of sowing and harvesting necessary in sequential 
systems. But relay systems also have a practical dis-
advantage: the second crop must be sown inia stand-
ing first crop, and tile be Iarvestedfirst crop must 
without damaging the second crop seedlings, 
To tr to avoid the problems associated with 

mechanical sowing of the second crop into tilefirst 
crop. we exaim ined a croppinrg systen of mai/c a id 
transplanted chilies. Ihe rationale here was that 
since, in ainy case, Irainsplatinig of chilies must be 
done by hand, it can easily be done ii a standing 
ia/e crop. Fhe systenm was lound feasible in 
operational-scale experiients, anid it added a sub-
stantial mnai/m yield to le traditional systeiof fil-
low followed by chilies vith higher fertili/er inputs. 
lilt. also gae t -tierni oneltarv retuirns tianisvstern 

the sequential sy'stem of mung bean and chilies. But 
this system of nlai/e aind transplanted chilies still has 
not been favored by farmers at Iaddanpally, where 
chili is an important crop. 

Ratoon Cropping 

Because of the shorter growing period, ratoon crop-
ping, like relay cropping. reduces tiletotal cropping 
period; thus there is less likelihood of yield lIss due 
to end-of-seasoi drought stress. In addition, ratorni 
cropping avoids most of (tle risks, aind costs, of 
establishing i second crop. IIlo\sex-, fotannual 
cropping systemirs, there are fc\ crops that %killpro-

duce a ratoori gro s tIh: ot the cereals, oil\ millet and 

sorghIL will ratoon, and, of these. oil sorghuill is 
suited to the wetter Vertisols. 

Marn' local genotypes if sorghum are known to 
ration well: a study at ICRISAI examined i large 
nuiber of'irnproxed gcnotypes inI small plots oefia 
3-year period. It xxas found that, wkith onl\ sery 
moderate nitrogen dressings, some of the .tirrentlV 

recom mtended hybrids fron the All Inrdia Coordi-
nated Sorghun Iiliproenireni Pioject could pro-
duce ratoon yields oif oier 3 t ha '. equivalent ii 
about two-thirds of the first crops. As an assured 
crop that runs little risk oIf establishinitei failure, 
these yields appear ',cry attractixe. IHowever, expe-
rience iii larger operational-scale plots hits been Ncry 
different. aid ratron yields of the Iigh-vielding 
CS It6 hybrid haye olilly axeraged about 20(j of tire 
first crop. Tis kill(] of yield level might be accepta-

ble Ir a low-cost additional crop when there is 
insufficiut moisture for a full second crop, but, in 
general, it would be unacceptable on Vertisols in 
wetter areas. 

A new possibility for ratoon cropping has arisen 
whit Ihe development of early-maturing pigeonpea 
%arieties. Initial experiments at ICRISATexamined 
yield potential under very high input situations-
i.e., with fertili/cr, intensive irrigation, and pest con
trol. One variec.. (ICTpI 87) produced ifirst crolp of 
2380 kg li I with two ratoon crops of 2120 arid 1000 
kg hai-, giving the extremely high total of 5500 kg 
lift 213-day cropping period. Although dif-Iover ai 
fereni ratooni sy'stemrs were tried, these particular 
yields wvere produced by picking tei pods without 
aN cutting of stems. Yields have been poorer in 
operational-scale experiments, but the systern still 
looks very p: ornlising ( Fig. I 

lntercropping 

One of the most successful intereropping systems on 
the weller Vertisols has been the cereal/pigeonpea 
conbination. This has usurally been grown in a 2:1 
cereal pigeonpea row arrangement, with tire popti
lations of each crop tire sa me as tiIe recoinimended 
sole crop population. Both crops are dry-sown just 
before the beginning of tIhe rains, tilecereal being 
harvested after abrrut 1()0 days alnd the pigernrpea 
going on for about a further 100 dfa's until tie end of 
tire postirriy season. Oin tie a\erage. intercropped 
cereal yields hase been about 90 95(7,'of tle sole 
crop cereal yields, and pigeon pea yields have been 
oily.\ a little less or cci roughly sinilar to those ofa 
sequential chickpea. In general. theref'ore, overall 
prirductivity has been little different between these 
initercropping systerns and sequential systeris. For 
example, a 4-yrear average Ior large-scale %katcrshed 
areas ga\e 2791 kg ha I mai/c ind 1060 kg ha"' 
pigeolipea inthe iitercruipping systcii, and 3197 kg 
htaI rnai/e arid 976 kg haI chickpea in a sequential 
ssIrein. 

One of the great adrantages of the pigeonpea 
intercripping systeis is that they avoid both the 
costs ard tileproblems associated with sowing the 
second crop in ,eqtrential aild relay systems. Not 
surprisingly, of all the high-prod uctivity systems 
tried in the on-lari studies, fatrners like these 
pigeoipea intercropping sysleins best. Further, risk 
is reduced by trot having to establish a second crop. 
This effect was very evident in the small-plot trials in 
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1980/81; it was impossible to establish the postrainy ilar three-crop system has been developed by 
chickpea in sequential systems, but pigeonpea in the AICRPD its mm average3 )A at Indore ('enter (99) 
intercropping system gave excellent yields. Even annual rainlall). In the rainy season, a very early 
when postrainy-season crops do not hI'il outright, mai/c (cv. Satha, 65 7(1 da s) is intercropped with 
the intereropping system may still provide greater soybean. Belore harsest ol tie mai/e, satlloer is 
stability: in the 4-year watershed study quoted 'relay" sides of tile [hesos.,i along tile mai/c rows. 
above, Ryan and Sarin (1981 ) found a coefficient of mai/e is harsested at ph. siolgical maturity. and the 
variation of only 241,'i for tle intercropping system, saftlower, son as an intercrop between the soybean 
compared with 541 rows, continues as a sole crop after soybeatifor the sequential one. tile 


Pigeonpea can also be iitercropped with onost harvest.
of 

the other rainy-scason trops, although their low 
yields with crops such as mung bean or cowpea again 
reduce the overall productivity of the system. One Drier Vertisol Areas 
very promising system in Madhva Pradesh is soy
bean pigeonpea, which has given ver.,good] yields tof Earlier sve stated that, in those Vertisol areas with 
both crops, producing a total of 2.5 3 t hitI of losver and less-assured rainflll 1. 750 tum annual 
high-value seeds. aserage). there is usually not enough moisturc to 

As outlined earlier, intercropping need not support cropping during both the rainy and plis
involv'c, a long-seaslon crop such iispigeonpea. a tild it traitly Sasol,. It s'.as also enllphasi/ed that it crops 
can be either a rainy-season or postritty-season are erst in oiil\ one seisotll. tlren the postrair'y

,Otlraitnv-sciason Clops riskcombitnation. I-ore.sallple. a rei.sf seilson inol.e much less since they, 
sorghut systetus cited maliy experiments v.,here depiend oti moisture alicad. slekl stoled in tile pro
intercropping \itlt \arious legumes gae vield tile and arc it subject It)the problems of erratic 
advantages o tpto 20 25'7 IWill Ctal. 192). A raintall Iho,.e,,r., .hile this fuctis that the tradi
tnai/e sovbcan systenl tried inthe I('AR IC'RISA I tOa,)ls\stii ot lail\-sasCon tllo\ is fuidilliel
cropping-system pro.ject itt Mladha P radesh prosed tally sllnd ssleul therc is Pt~einirelv ulh.v stficient 
disappoiiting, though this system has been promIis- moisture Ii uoiccrop. it leases little scope tor 
ing in other natic'nal projects inlIndia. Choldhurv incrcasing pruductisit), b imprusitig the system per 
(1981) hasshown similar adsattagesor seseral 1)15s- s. hlorductmilt\ increlses %%ill rruainly have to be 
train\, systems. IhIs, there could be opportunitV to brought iblui b\ inopuo.emennts in the indisidual 
increase the ploducli\ it'o1 sCIjtlential s~stems by crops. In tact, tie only major option open to armers 
intercropping ssithin either or both ol the s asolS, tr pistiaiti)-salsout .rioppign is shtther tu grow 
although the increase in the nuniber o crhips that the sOlC ci lOps Mr intercmups . In Itudia it h!s trequently 

rti-rer has toihandlecouil make siicno theulradv heen argued that interecuopping must be less worth
intensise sCqucntial ssteMns cr.,dinlinding ill shile illthe postrinil' season than in the rainy sea
practice. softi, because it is less comnuonlv practiced illthe 

In the early small-plot triais at I( ,ISA I iathree- postrain\ seastn. While this argument is probably 
crop system sats tried, where a chickpea intercrop sound, the main rcasori o r intecrropping in the 
was sowntt altertlhe harsest ot the mai/e imtrcrup ina rainy season is prohabil. that it can help improve 
maize pigconpea system. In 1979 80 ihen late rains \lstd stihi it a pCrihd Of greater risk. A review ol 
were good, this system giic atnadditional 528 kg postrainy-scason luterccropping (('hmvdhury 1981) 

-hai of chickpea, without causing any reduction in has sho\ .itthat there can still he worthsshile yield 
yield of pigeonpea. Illthe next sear, wheit late rains ad\antages, le.g.. 15-201 )lin ain-ygienseason. While 
were poor, the :hickpea could nut he established, these aidts~alitges are not spectacular, it must be 
but, as seen carlier, this \iasalsai tlecase for the till retenibhered that they arc easily and cheaply 
sequential crop of chickpea allter sole crops ot obtained. and illii situatirimi where the options for 

cereals. 'lhese results suggest that tilis thue-crop ield iprlsetl.ntnt are himited. 
system is practical and flexible, thle chickpea being But the mst difficult olall the Vcrtistl situations 
sown only inyears of'guod late rainfall. lhis system are those less-asstUreit arcus where rainfall is just 
provides the reliability of intercrlipping in the poor bclis suticieunt ltr both rainy- arid postrainy
years, and also allows the farmer to cash in oilsome season cropping. In practice, these areas can support 
additional chickpea yield in the god years. A sire- cropping during both seasons inyears of good rain
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fall, but not so in years of poor rainfall. Thus, for 
these areas, sone kind of contingency system is 
needed so the farmer can cash inon tile good years 
but still be salle in the poor years. 1o sone extent. 
contingency systemns are already operated in farming 
practice, anod 'iarmers may sow \ery ca rIly-oaturing 
rainy-season crops, such as rirung hean or pearl 
millet, if the rains arc good and Lhey arrive early. In 
theory, it is also possible to thin ott crops midway 
through the s ason it drought stress bcConesse\ere. 
Experiments hy ,\l( l I)A hia,shio\,n that thin-
ning can substantiall* improve yiclds in \ears of 
subnormal rainfall (Ihblc 2). llo\ceer.c t_.nthough 
the thinned matcrial can le used as a iuth-needed 
loddcr. larnicrs shok% considerable reluctance 
toward thinning. 

[lie resilienc. ol pigConrpea-blscd intercropping 
sv tiis is lparticularl.\ suited to these nmargiial. less-
ailssred areas, and the liartiir's pirtrlle for thes 
ssicms has been ,..dcni in the or-larri project in 
Karnataka. cntmgcnc\ appooch can still be 
adapted for tire rain,.-seasol itrcrlops, aid, ill the 
1984 season. hIr sCe_late., rnrittr, ill tileh. NOtWs 
Karnataka prolect ptedltnl lt \.\ shoirt-season 
intercrops ot rirung hcr anrd pearl irillet. A diltIuCIt 
pigehrrpea sstem that could bc tueshl or thesc area, 
is a sariation on tie rattoor s\stert deslibcd earlier. 
studies at IR IS,.\I hil,' shtosi thiltiilgcrrpea is 
established uisa postrain,,-seasoti crop. it cart be let 
to produce ar crrl,) rtimon \icd drig tiLr Iilo 

ig railV seisoll, uich, illtHrn. eCIrrtelolloscd hs a 
ftlithrepostrionr-scasot rllooll. or pelhapsa differ-
erIt crop. loteitiIAl jiridIltis %\1ihtlin ste\Irts are 
dis',se huildtlup. ro0\% largCl. eoutrollahlc with resist-
ailtanud ttIto dmir-tolerant \ari.tics, arid plant talit\ 

ing tire dry silson.lint tire adsartiuge Of tire ,\Ster 
for tire less-assured rainfall irelis could he that it 
pros ides a crop Mitch is \cll esatihsed at the 
beginning tf the rairs, making the crop inruch less 
susceptible to pCriods Ofufruigirl st ss. 

Probability of Success of Different 
Cropping Systems
 

[he previous sections have described tilemerits and 
stitahilities o' va rious types of cropping systens, 
based ointhe practical results of on-station and oil
farni experiments. Clearly, because of tile para
mount importance oflmoistLre in these Vertisols, it 
is uselul to predict the suitability of given systems 
according to moisturc pallerns. A cooperative study 
between cropping system scientists and agroclinia
tologists at I.RISAI ha, attempted to do this by 
fitting a water-balance model to long-term rainfall 
data. The nmodel estimates the possibility of having 
sui olgrowt int Ire se.Luenitai andiffciienit \\'ter nliiiid. 
relay systems, stuflicient rainfall to establish the 
second crop. 

able 3 gives air exaiple of i Ns]tter Vertisol 
area Irdore, \ith 990 ini a \erage annual rainIfall. 
After a 91-day rainy-season sorghun crop, there is 
still tlquite a high probability (73 ) of having sulfi
ciern sored Miroisture for a postraiov crop. After 
allo\ing for those \ears it which rain is insufficient 
at so\ig nitie to establish tie postrainy-scason 
crop, this probhbilit"v reduces it)00' . Ittle raily
season Crop has a ]0)5-dai growing period. the prob
ability for a second crop is only 27"* . Iliese may 
scen to be siuprisingl. lo\ for aI9 90-rnm rainfall 
regiie. but ithey highliglt tire risks of sequential 
SvSterIls elliiasi/d learlice arid tire greater problems 
caused by hoger giom r periods of' the lirstcrop. 
fable 3 also sio\\s, that if it relay system with a 
14-day osetlap could le adopted, then the 105-day 
first crop could still begosl.u.rnd tli overall probr
bility \sould be the satieias for a sequential crop 
hased oilI 91-da"v first crop. lie advantage ol a 
sorghurn pigeonpea systerrm is\cry striking in this 
situation: there is ar extrerely high probability of 
suiccess (97"1). and a full-season, 105-day rainy-

Table 2. Effect of thinning ornieldof sorghum. (Source: All-India (ordinated Research Project for I)r.\land Agricul
lure, Report for 1977/78, Belial, (enter.) 

train slnel (kg Ila i 

1974 75 1975 76 1976 77 1977 78 
(Suihniornal I..\hose nrnal (.Suhnrial (Abose norrrral 

rainfall) rainiall) rainlall) rainlall) 

Original population 1550 2420 541 2490
 
Third row remoed 2110 2)20 920 2331) 
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Table 3. Probability of success of different cropping systems, predicted from a water-balance model and long-term rainfall 
data. 

First crop 

Sufficient \Vet week 
moisture at harvest 

for growth (>50 im) 
Cropping system (117 (q) 

Indore'
 
Sequential system
 
(First crop. 91-day
 
sorghum) 100 30 

Sequential system 
(First crop, 105
day sorghum) 100 
 24 

Relay system
 
(First crop 105
day sorghum;
 
overlap. 14 days) 100 24 

Sorghum pigeonpea 
intercrop 
(Sorghum 105 davs,
 
pigeonpea 180 days) 100 24 


Sholapur2
 

70-day first 75
crop 17 

91-day first crop 58 25 


105-day first crop 58 
 II 

Fallos -

.. 's rag c inua! ram all,990) min,137 .cad,'data.
 
2 A .ciagei l rairiall. 700 nll 36 Nears' dala.
nlan 

season intercrop can be grown just as satisfactorily 
as a 91-day crop. 

Table 3 also gives a similar analysis for a drier 
Vertisol area (Sholapuir, with 700 rilm average 
annual rainlfall). It can be seen that cen for a very 
early-maturing rainv-season crop of only 71) days, 
there is only a 75(' probability of success. For longer 
season crops, this reduces to 58(7 . Ilowever. because 
the most-assured rains occur at this location toward 
the end of the rainy season, a rainy-season crop hits 

croing whichlittle effect on post ra it-seo cropp . wresults.
after fallow, hans an 81''probability of success. 

Ihese results from both drier antd(wetter Vertisol 
areas suggest that this modeling approach may be a 
useful adjunct to field experimentation, by provid-

Second crop (or pigeonpea intercrop) 

Insufficient rain 
Sufficient for establishment 
moisture I 20 nn), though Total 

for growth sufficient probahililt 
(>200 rm) for growth of success 

%) (Ci) ) 

73 13 60 

51 24 27 

73 13 60 

97 - 97 

81 0 81 
81 0 81 
72 5 67 

81 0 81 

ing further information on the likely long-term suit
ability of different systems. 
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Discussion 

Ahmed: To what extent can you mechanize and how 
would you mechanize in the inter- and relay

cropping systems developed at ICRISAT? 

Willey: Certain aspects of mechanization are proba
bly more easily managed in intercropping than often 
imagined. The key to this managetnent is to confine 
tie different crops to separate rows, the system c .m-

India. Sedingcaneasily be donein separate ro%, s, as call topdressing with nitrogen on 
those rowk, that ned it. Even herbicides could be 
directed to specific rows if really needed. The major 
difliculty, how ckr, will continue to he mechanized 

harvesting. Crops hlat are establishcd by transplant
ing seedling, ,tch as chillies, cati he relay planted 
with fewer Pt oN! ns; but. itt the case of others, there 
can be sonic operational dilficulty. 

Cooper: Arc the lonig-tri effects of htledifferent 
cropping systems being evaluated with regard to 
whether they might modify fertilizer requirenients 
ard recomm tions?itenda 

'Ie':li
 
Willey:

.started, an 

his type of wvork has only recently beenidthere is a great need to get more infor
natiin on his topic than is currently available. The 
role rf tile legurne (or N fertili/cr) and tile effect of 
continuous P application On P status are important. 

This work is being done on both Vertisols and Alfis
ols at ICRISAT. 
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Land and Water Management Practices for Vertisols 

Earl Burnett' 

Abstract 

Land- and water-management practices for Vertisols to maximize crop production or to reduce soil 
erosion are constrained by climate, including rainfall and temperature, and by soil physical and 
chemical characteristics. Alost Vertisols in the United States occur in the south, primarily in Texas, 
Mississippi, and Alabama. The climate of the region varies from semi-arid on the west to humid on 
the east and is characterized b' long, hot summers and mild winters. Water deficits in the soil occur 
almost every iyear in the western part of the region and infrequent/v in the east. Crop yields are 
affected adverselv bv the soils water deficit. 

Soil erosion has been a major problem on Vertisols in the United States since they were first 
cultivated. Managenent practices to reduce erosion while maintaining crop yields have been 
developed for these soils and climatic conditions: such practices include terracing, crop rotations, 
fertilitv management, graded furrows, narrow rows, wide-bed svstems, conservation tillage, and 
runoff- water managemen!. T/tis paper re vie ws the management problems of VertLsols and discusses 
research approaches to Vertisol management for the southern United States. 

RWsum6 

Pratiques de gestion des sols et de I'eau chez les Vertisols: Lespratiquesdegestion dessols et de l'eau 
pour les Vertisols, afin daugmenter la production agricole ou de rcduire /'erosion du sol sont 
affectes par le climat, v compris les prcipitations et ]a temp6rature, et par les caract~ristiques 
physiques et chimiques dt sol. La plupart des Vertisols atx Etats-Unis se trouvent dans Ic sud, 
particulirement au Texas, au Mississippiet en Alabama. Le climat de la rbgion varie de semi-arideh 
l'ouest humide 1l'est, et se caract rise par des etes chauds et longs, et des hivers doux. Les d~ficits 
d'eaudans le solse produisent presque tous les ans dans la partic ouest de la region et de temps en 
temps i llest. Les rendements de culture sont touchts dfTavorablement par le dbficit d'eau dt sol. 

Aux Etats-Unis, l'Erosion d sol repr6sente le problme le plts grave stir les Vertisols lorsqu'is 
sont mis en culture. Les pratiques d m6nagement pour rbduire l'Erosion, tout en maintenant les 
rendements des cultures, ont 6t dbveloppbes pour ces sols et ces conditions climatiques; de telles 
pratiques englobent I ncmtnagement de terrasses, les rotations de culture, lagestion dela fertilit des 
sols, des sillonsen pente douce, des rangbesserrbes des planches larges, le labourde conservation et 
la gestion de l'eaudt ruissellement. Cet article passe en revue les problkmes degestion des Vertisols et 
examine les dbmarches de recherche relative hJIa gestion des Vertisols dans le sud des Etats-Unis. 

1. 	 Soil Scientist and Director, (irassland, Soil and Water Research Laboratory, USDA, Agricultural Research Service, P.O.Box 748, 
Temple, TX 76503, USA. 

ICRISAT (international Crops Research Institute for the Semi-Arid Tropics). 1989. Management of Vertisols for improved agricultural 
production: proceedings of an IbSRAM Inaugural Workshop, 18-22 February 1985, ICRISAT Center, India. Patancheru, A.P. 502 324, 
India: ICRISAT. 
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Introduction 

Management of Vertisols throughout the world ha 
historically been difficult. These soils are intractable 
when dry, poorly aerated and sticky when saturated, 
and frequently highly erodible when they occur on 
sloping terrain; they have low infiltration rates when 
wet. In the subhurnid and semi-arid areas where tie\, 
commonly occur, Vertisols tend to be droughty, 
evL t though they have a high water-holding capac-
ity. [his high water-holding capacity, however, ena-
ble the maturation of a marginal crop under 
adverse moisture regimes, so that subsistence agri-
culture exists on Vertisols in regions of erratic rain-
fall. In addition, Vertisols can he \cry prodtJctise 
under well-watered conditions, including irrigation, 
Good land and water management is the key to 
maintaining crop yields under both limited and ade-
quate rainfall conditions,. 

This paper reviews some of the land- and water-
management problems of VCrtisols, discusses cur-
rent Vertisol management, and presents recent 
research approaches to Vertisol management in the 
United States. 
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Location of Vertisols in the United 
States 
Vertisols occur mainly in semi-arid parts of southw
estern lexas, in suhhunid parts of central lexas and 
sitouthern ()klahoma and in humid areas of sou
theastern lcxas near the Gull of Mexico and in 
Mississippi anti Alabama ( fool 1973). Smallcrareas 
ol Vertisols also occur in Arkansas, l'iertit Rico, the 
Virgin Islands, and in se.eral western States. The 
location of Vertisols in the South is shown in Figure 
1. (Not shown arc clavcy soils with \crtic properties 
in other soil orders that hasc similar management 
prohlems to Vertisols.) Ihe total land area occupied 
by Vertisols in the southern United States approxi
mates 7.2 million ha ( ihool 1973). 

[he climate in thescareas of Vertisols isextremcly 
\aricd. although most of the region has lrost-free 
periods in excess of 6 moiths each year and abund
aint radiant energy Ior plat growth. Mean annual 
air temperatures range frm 15 to 21 C( I-ig. 2). Soil 
temperatures parallel air temperaitures closely, with 
most of the Vertisols in the thermic or hyperthermic 
class. 

100
 

I AR anl r1 
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150 

27 

er ols 

Averaige annual precipitation (cm) 
Average annual runoff (mam) 

Figure 1. Location of Verisols in the southern United States, with average annual precipitation isohyets (after 
Buol 1973) and average annual runoff (after U;.S. Water Resources ('ouncil 1978). 
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Figure 2. NMean annual air and soil temperatures 
Vertisols (after Buol 1973). 

The major portion of Vertisols occurs between the 
50-cm and 100-cm rainfall isohyets (see Fig. I ). ihis 
semi-arid to suibhuniid region is characterized by 
mild, moist winters and hot, dry summers. Average 
monthly precipitation at lemple, lexas, is typical of 
the region (Fig. 3); a bimodal distribution occurs 
with a rainfall peak in spring, a depression in 
summer, and a .secondary peak in early autumn. The 
average precipitation is misleading, however, 
because there have been several extremely large pre
cipitation events; in addition, precipitation in this 
region is highly erratic (see Fig. 3). Figure 4 illus
trates that all ormonths have a probability of 60tYi 
more of receiving at least 25.4 mm precipitation, but 
only 2 months (April and May) experience a proba-
bility greater than 50e of receiving 76.2 mm or 

more. This suggests that crops may frequently expe-
rience water deficits if grown during the summer, 

Smaller areas of Vertisols occur in the humid 
portion of the southern United States, primarily in 

215
 

5Air temperatures (°C)
 

--. Soil temperatures (CC)
 

in thc southern United States in relation to location of 

Mississippi and Alabama. Precipitation in this 
region is higher and less erratic than in the western 
Vertisol region (see Figs. I and 3). Although crops 
are subject to occasional waler deficits because of 
the soil's low water release rate coupled with high 
evaporative demand, in this region excess water is a 
more pervasive problem than water deficit, espe
cially in spring. 

Management Problems 

Runoff and Erosion 

Low infiltration rates when thc surface soil is wet 
and high rainfall intensities during thunderstorms 
result in large amounts of storm-water runoff in 
much of the Vertisol region. From 25 to 127 mm 
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Figure 3. Mean monthly precipitation in semi-arid and subhumid Vertisols (represented by Temple, Texas; 
after Dugas 1983) and in humid Vertisols (represented by Brooksville, Miss.; after Hairston et al. 1984b). 

a-[of storm runoff occurs in the Texas Vertisol with consequent adverse effect on soil productivity. 
region, whereas 508-1016 mm a-' occurs in the With time, much ofthe steeper land was taken out of 
Mississippi-Alabama Vertisol region. Runoff is cultivation and returned to trees in the humid areas 
most prevalent with clean-tilled, row-crop and to grassland in the less-humid areas. Currently, 
cultivation, the land slope of cultivated areas is usually less than 

The Vertisols of the United Statesare highly erod- 5(.%in the eastern humid area,and less than 3%in the 
ible, and erosion rates have been excessive on slop- west. In addition to taking the steeper land out of 
ing terrain. Predominant use of these soilsduring the crop production, such conservation practices as ter
first 50-60 years of cultivation was production of racing, contour farming, and crop rotation were 
cotton and feed grains. Most of the land was farmed developed to reduce soil erosion. Even so, soil ero
in straight rows without regard to slope (Hill et al. sion continues to be a major problem on these 
1944). [his practice resulted in severe sheet erosion, Vertisols. 

136 



0- Soil Tilth' 100

>2 - m rhe alternating expansion and contraction of Ver
• 2580. tisols on wetting and drying also contributes to the 

so-called "self-mulching" characteristic of many 
Vertisols. In swelling clay soils, a vigorous disruptive 

,o 60- action is associated with swelling. As water is 

/I absorbed, the volume increases, cohesion is dimin
°40- \ - ished, arid anv unconfined mass of the soil exhibits 

--,, .- 76.2 m warping, cracking, exfoliation, and various degrees 

. 20 " of disruption (Smith 1959). As a result of this pro
• cess. these surface soils may be well-aggregated and 
w porous after cyclic wetting and dryi,,g. Under dry- 0 
- 0, conditions, it is difficult to achieve adequate seed-

J F M A M J J A S i) N D soil contact, and crop stand establishment may be 

Moln th impaired. If high-intensity precipitation occurs after 
seeding, the aggregates slake down, and a crust 

Figure 4. Prohahility of occurrence of at least 25.4 forms as the soil dries. This crust can reduce emer
mm or 76.2 mm of monthly precipitation at Temple, genIe of' planted crops. 
Texas (after I)ugas 1983). 

Soil Fertility 

The Vertisols of the United States were considered 
Water Intake and Internal Drainage to be very fertile when first put into cultivation. 

While organic-matter levels of these soils were not 
Infiltration rates of \ertisols vary from almost itfin- extremely high, compared with the Prairie soils of 
ity to cxtrcmel, lo\. iLc in part to the high coeffi- tile Corn Beli. organic-matter content was distrib
cient of expansion and contraction, large ted fairly unilornlv to considerable soil depths. 
soil-\olule changes accolrnpan\ changes in soil- Organic-natterlevelsin Houston IllackclayalTem
water content: shrinkage cur\es of the Houston pie, T]cxas. both cropped and uncropped, are shown 
Black clay surlace soil indicate \ olunc changes ot tip in [able I. It is irf interest to note that the distribu
to 401" b, dh rig lrori field capacity to(-I bar satcr lion of organic matter is relatively uniform at depths 
potential (Johnstoni anid Ilill 1945). As dryving pro- below 30 cm. These levels of organic matter were 
ceeds. shrinkage cracks desclop. I hese cracks ma\ 
be 5 7cm wkideaid 611)cin deep at the end ofa dry 
growing season ssith ro \ crops. \Vhile the cracks are 
open. tile water intake rate is %.ervhigh. IKXpatrsioti 
of the s\elling clay soil begins immediately upon 'Table I. Organic-matter levels of Houston Black clay in 
wetting, with art attendant decline in itliltration land coverd by natise grass or cultivated, Temple, Texas 
rate. As the soil approaches saturation, the infiItra- (from Smith ef al. 1954b). 
tion rate drops to 2 3.5 cn day I Ritchie et al. Organic-matter lesel (rit)in 
1972). Therefore. precipitation rates in excess of 
about 2.5 ciii day J will result in runolf after the Soil depth (cml Nate grassland (ultisated ard' 

swelling clay soils are near saturation. t0-15 5.09 1.98 
If the soil remains saturated %kiththe infiltration 15-31) 3.17 1.84 

rate of about 2.5 cin dayI poor internal drainage 30-45 1.97 2.03 
contributes to soil-aeration problems, with aconse- 45-60 1.69 2.24 

1.72 1.55quent detrimental eflect onl plant growth. Ihis situa- 60-7575-90 1.72 1.63 
tion occurs most frequently in the early spring 
growing season and particularly in tine humid Ver- I. Cultiatd tor 601-71 iearsprior to colection of sarmplcs for 

tisol region. anas 



adequate to provide sufficient nitrogen for low to 
moderate crop yields during the first half-century of 
cropping; today, however, increased crop-yield 
responses to nitrogen fertilizer are obtained using 
intensive-management systems. Part of tie decline 
in fertility is a result of past accelerated erosion whcn 
few conservation practices were used. The Vertisols 
of the United States are generally low in phosplrus 
and sufficient in potassiumn in the western Vertisol 
region, but may be deficient in both phosphorus and 
potassium in the humid region. 

Management Practices for Soil and 

Water Conservation 


Early Practices 

Conservation practices to control water iunolf and 
soil erosion on United States Vertisols have ranged 
from structural measures., such iascontouring and 
terracing, to segctatisc practices, including crop 
rotations. lerraces. cotlour finiiig,grassed %%ater-
ways, crop rotations, aind other conscriltion practi-
ces vere studied at the illacklands lxperiinietal 
Watershed near Waco, lexas, beginning in 1938 
(:aird and Potter 1950. laird 1964, Baird ci al. 
1970). to olscrse thcirelfct oinw\atcr runoffand soil 
erosion. Consersation practices were found to 
reduce erosion and peak rates of runolf, bil tire 
effects of terraces ol alounts of ruinoff \kcre not 
consistent. If runioll-producing storms occurred 
when tile soils %\crenoderately drv, terraces solnec-
tinies reduced m11Oltis of runofl if large anoutts of 
rainfall occurred when the soils \cre \kct,hu iss., 
terracre increased runifl. -lie inconsistencies ima\ 
be explained by the following: (I) terraces rCducC tite 
velocity and increase the trasel distance tif runofll 
water, thus allossing more tieri for \rter to infil
trate: (2) terrace channels are frequently sctner than 
interterrace areas, thus contributing to increased 
rulolff \ohtilcs a id (3) terrace construction 
increases tihe aserage field slope, with tire steepest 
area being near the terrace channel, thus increasing 
rutnuoff iotluIc. 

l.and-,e p:i..'ices mayvilso affect solutic and 
rates of ru,,off, ,.nmd, in addition, tillage operations 
alfect runoff amiountis by changirg water-retention 

characteristics. lie combined effect of terraces, land 
use, and tillage tn runoff becomes %crycomplex. in 
most cases, sonic reduction in alniolnts of runoff car 
be expected \%ith a complete conIseraition systel, 

including terraces and crop rotations. [or instance, 
Baird (1964) found that using terraccs and other 
conservation practices reduced sediment yield (from 
a total of 523 to 62 tliI-),hut unil slightly aifected 
walter runoff(from a total f369 to335 ciii). Sonieof 
the soil that was eroded was deposited in terrace 
channels and grassed %%aterways;therefore, the ter
races and grassed waterways probably had a greater 
effect on reduction of sediment yield than did other 
conservamion practices. 

Other studies in the lexas Blackland ('onserva
tion Experiment Station asscssed the effect of crops 
on runoff and erosion (Ifill etal. 1944, Smith etal. 
1954a, Smith and Henderson 1967). In one study 

(Table 2), little ditfcrence in runotl or erosion was 
evident ssheti the land was cropped to either iaic or 
cotton. Ilus, it cannot he expected that cotton or 
mat.ie will gise Much protection to the soil surflce 
during the critical months of March, April. May, 
and September. In contrast. small grain crops or 
sseetcloer.,r a Combination of the two, can pro
side good protection against soil losses during tile 
spring niontlis. I%-ycair crop rotations of ross 
Crops. follow\cd b\ a small graii crorp \with sweet
clo\er, reduced soil losses to about hall that fron a
 
continuous row crop, either mai'e or colion (Stiith
 
et al. 1954a). 

Crop rotatitns otl\ertlisols can ha\c residual 
effects oi wrater intake itild soil loss, \\hich last for 
seseral \ars. Adans (1974) studied the residual 
effects of three rotations that had beenapplied for 12 
years. At the end o the rotation stud.s, furthe next 3 

iears,all plots %ketcropped to ltorage sorghlurn as 
hay cro p. Watcr intake antd soil loss kerc measured 
anntualls' lor 3 years, using , alling-drop infiltrome
ter on undisturbed soil cores. I lie results (Iable 3) 
indicate that in the first 2 \cars, \ater intake was 
hosest aid soil loss highest from continuous crop-

Table 2. Effect ofcrop onjaierrunoff andsoilerosion on 
Iloustion Black cla.*,, (from'lemple, Texa, 1942-19511 
Sinilh etal. 1954a). 

R11uol I Soil loSs 
(rop (Cmil t ia i) 

Cotio 4.6M atte 5 .6 7 .8 
Oats 3.3 1.1 
Swececlo\er 5.3 3.8 

I. ACrage annual ralli l eCm 
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Table 3. Water intake and soil loss (suspended sediment in runoff) from Houston Black clay following termination of 
rotations in 1964t, Temple, Texas (from Adams 1974). 

Cropping sequence 1964 crop 

Continuous grain sorghum Grain sorghum 
Oats-grain sorghum Oats 

Grain sorghum 

Mean 

Fescuegrass-fescuegrass- Fescuegrass (Ist yr) 
grain sorghum 

Fescuegrass (2nd yr) 
Grain sorghum 

Mean 

Water intake2 (cm core) Soil loss' (gcore') 
1965 1966 1967 1965 1966 1967 
1.40 b 1.58 h 2.17 a 1.89 a 1.18 a 0.65 a 
2.60 a 2.26 b 2.23 a 0.78 b 1.07 ab 0.69 a 
2.49 ab 2 .0Xa 1.77 a 0.95 a 
2.54 2.12 1.28 0.82 

2.45 ab 3.51 a 2.80 a 0.66 b 0.57 c 0.54 a 

3.20 a 3.31 a 1.86 a 0.78 b 0.58 c 1.05 a 
2.33 ab 2.47 b 2.55 a 0.66 b 0.72 be 0.78 a 
2..6 3.21 2.40 0.70 0.62 0.79 

1. Crop rotations taIrtct in 1952. and Aere discontied after the 1,44 criop

2 Means for each .ear hllo,s d h the sarne letter are not sigrrific.:artl,, diltereni at P = 0.05.
 

ping with grain sorghum. Beneficial effects were 
noted from the fescuegrass rotations up to 2 years 
after the rotations were discontinued. 

Recent Developments in Management 
Practices 

The conservation-ma nagement practices developed 
for these Vcrtisols have been reasonably effective in 
reducing crop losses from soil erosion. After World 
War II,however, low prices for nitrogen fertili/er led 
to farmers abandoning soil-building legumes in their 
crop rotations. In addition, the development of large 
multirow equipment made the farming of terraced 
land with numerous point rows more difficult, so 
that many farmers either destroyed their terrace sys-
terns or performed tillage operations across the ;cr-
races. In many cases, the cropping pattern evolved 
into acontinuous row-crop sequence. A few growers 
now include small grains(either wheat or oats)every 
second or third year. As a result, soil erosion is still a 
major problem throughout the Vertisol region. 1o 
meet the new demands for maximal crop prod tction 
and to reduce soil erosion, other land- and water-
management practices have been developed; these 
include parallel terracing, graded furrows, narrow 
crop rows, wide-bed systems, conservation tillage, 
double cropping, improved fertility management, 
and supplemental irrigation. Brief descriptions of 
these practices follow. 

Parallel terraces. Parallel terracing is a water
management practice that has become very promi
nent in the semi-arid region and, toa lesser extent, in 
the subhumid and humid Vertisol regions. There 
must he some mechanism to provide surface drain
age for storm rurc,ff during periods when the rate of 
precipitation exceeds that of water intake. In a ter
race system, conventional or parallel, this isaccomp
lItshcd with graded channels. In a parallel system, 
rows are laid off parallel to the terrace, and, when 
the land is ridged, each row functions as a miniature 
terrace, conducting water to the outlets without 
allowing it to concentrate in the terrace channels. 
Frequently, sonte land planing or smoothing is 
necessary to eliminate low spots to maintain the 
channel grade. Point rows can be reduced or elimi
tated in a parallel terrace system. Maintenance of 
terrace height iscritical to avoid downslope gullying 
by overtopping runoff water. 

Graded-furrow system. Another alternative 
kater-management practice to conventional terra
ces is the graded-furrow system, designed to convey 
all runoff originating in the furrow to a waterway. 
Because this system eliminates or reduces the 
number of terraces, it is compatible with large, mul
tirow farm equipment. Such systems have been 
investigated at a number of places throughout the 
southern United States (Carter and Carreker 1969, 
Richardson et al. 1969, Harris and Watson 1971, 
Richardson 1973). Harris and Watson (1971) found 
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graded rows to be stable erosion-control structures 
that, when properly constructed and maintained, 
could reduce rillerosion and failed on'y when 
reverse row grades occurred. In Mississippi, graded 
rows with 0.3% furrow slopes and 2.5 to 10% cross 
slopes reduced erosion about 44C%, over up-and-
down hill rows (Carter and Carreker 1969). On Ver-
tisols in Texas, with a uniform slope of 1%, runoff 
increased by 50% and soil loss by 75% when furrow 
length increased from 104 to 284 in graded-furrow 
systems (Table 4). 

Later studies compared the effects of graded fur-
rows and terraced watersheds on runoff, erosion, 
and tillage efficiency (Richardson 1973). The 
graded-furrow system controlled erosion, reduced 
tillage times, and red uiced runoff. Less runoff on the 
graded-furrow watershed was due to more urniform 
distribution of excess water. On the terraced 
watershed, excess water concentrated in the terrace 
channels. Erosion on both watersheds was within 
acceptable erosion tolerances for HIouston Black 
clay soil. Tillage rates were 21"7 faster on thegraded-
furrow areas, 

The graded-furrow systen requires that furrow 
ridges be maintained at all times to coney runoff 
water. Operating farm equipment on these ridges is 
not appreciably more difficult than on convention-
ally tilled areas, provided the row width is not less 
than I m. 

Narrow rows. Historically, row spacing in the Uni-
ted States was around 100 cm. Ibis spacing for row 
crops was originally based on the space needs for 
equipment pulled by draft animals. As farming 
became more mechanized, such wide rows were rio 
longer necessary and attention was given to reducing 
row spacing to maximize crop production ( Mitchell 
1970, Adams et al. 1976). Other advantages from 

Table 4. Effect of row length on average runoff volumes 
and soil loss' in graded-furrow plots, Temple, Texas(from 
Richardson elal. 1969). 

Runolft Soil toss 
Row%length (m) (coi) It Ial) 

104 2.7 2.6 
158 3.2 3.1 
284 4.1 4.0 

t. Aserage ol 3 .tars,. 1965.1967. 

cropping on narrow-row spacing include earlier 
attainment of complete ground cover for weed con
trol and protection of the soil surface from the 
impact of raindrops, thereby reducing erosion. In 
addition, evaporation from the soil surface is 
reduced. 

The effect of narrow-row spacing with grain 
sorghum grown on IHouston Black clay on ground 
cover, grain yields, runoff, and erosion was reported 
by Adams et ai. (1976, 1978). They found that 
sorghum planted in narrow, 50-cm rows establishes 
a more complete canopy earlier than when conven
tional row spacing (100 cm) is used: at 35 days after 
emergence, ground covered bycanopy was 19. with 
50-cm row spacing but only8 with 100-cm spacing: 
at 63 days it was 81 to 46% (Adams et al. 1978). The 
improved plant canopy interceptLd 12( more 
radiant energy and resulted in grain yield increases 
of 18 to 251 (Adams et al. 1976). The earlier attain
ment of more complete ground cover also reduced 
runoff and erosion (Table 5); however, uinder semi
arid conditions, wide-row spacings permit the plant 
roots to obtain water from a larger volume of soil, 
thus contributing to increased yield. 

Wide-bed, narrow-row systems. A potential prob
lem of narrow-row production systems is the diffi
cult of cultisation and consequent weed-control 
problems. This is particularly true for ridge planting 
in graded-furrow systems and \%here effective herbi
cides for weed control are no[ available. As aconse
quence, wide-bed, narrow-row systems have been 
developed to capitali/c on the potential for crop 
yield increases and still provide the needed surface 
drainage for storn runioff as in the graded-furrow 
system (Arkin ctal. 1978, Morrison and Gerik 1983) 
(Fig. 5). 
The wside beds consist of slightly raised cropping 

strips between widely spaced furrows. ''lie width of 
the beds isdetermined by the farmequipmentavaila
ble to the operator and the required water-carrying 
capacity of the furrows so that effective drainage is 
provided but the beds are not oertopped. The beds 
can be either flat-topped or slightly crowned. They 
are formed across the general slope and are compati

ble withi a parallel terrace system. Hie furrows 
between the beds allow for controlled surface drain

age of storm runoff to grassed waterways. In addi
tion. wheel traffic is confined to the furrows, 
resulting in compacted traffic lanes, while the 
cropped areas are not subject to compactive forces. 
This systen saves energy by (I) reducing tractor 
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Table 5. Effect of row spacing of grain sorghum on water runoff and soil loss from houston Black clay soil in 1973 (from
 
Adams et al. 1978).
 

Runof (cml) Soil loss (1hal) 

50-cm I00-cm 5()-cm I00-clm
 
Days after Rainiall row ross ru rOV
 

Date emergence (cm) spacing spacing spacing spacing
 

Before full developmenl of plant canopy (ground cover)
 

10 Mar - 9 2.5 0.1 0.1 0.1 I"
 

24 Mar 5 4.2 0.5 0.4 0.6 0.4
 
2 Apr 14 1.5 0.3 0.3 0.3 0.4
 

"
 
15 A pr 27 1.4 TI Z l1 "' 

5-6 May 47-48 6.5 0.9 0.7 1.42 0.8 

Subtotal 16.1 1.8 1.5 2.4 1.6 

After development of plant canopy (ground cover) 

1-3 Jun 74-76 7.2 0.6 2.8 1.8 5.02
 
5 Jun 78 2.9 0.9 1.4' 1.0 1.8
 
15 Jul I18 3.0 0. 0.5 ' .1-

Subtotal 13.1 1.6 4.7 2.8 6.8 

Annual total 29.2 3.4 6.2 5.2 8.4 

I. I : [lace, 0.05 ha I s, OI01 CIII uItI soil llL 

2. D)ifference het een lncas tfot itSe dtes siguhicant at the 5, lesel. according to I-tcst iof paired means. 

rolling resistance in compacted furrosks; (2) requir- across their terraces and leave the land (lat, rather 
ing less pulling force for tillage in the uncompacted than use furrows and ridges on contour. Conse
cropping strips; and (3) reducing the tillage area qucntly, conserva,ion tillage is being advocated as 
about 201,i by the presence of untilled furrows. he an erosion-control practice, with or without terrac
beds may need to be rebuilt periodically, depending ing. flie term "conservation tillage" has been 
upon soil type and tillage needs. Wide he(sIiprose delined in %arious s'avs. but it is generally accepted 
erosion control on sloping land, and surface drain- to mean any tillage svstent that maintains crop 
age on nearly flat land. residues on the soil surface to reduce wind and water 

With wide beds on 2-m centers. ros spacing aries erosion and to consere moisture. It includes chisel
from two row:, per bed %itl I-in spacing bet seen the plow, ridge planting, stubble-nulch, and no-till 
rows, to 8 rosss per bed with 20-cin spacing bctsscei practices. Some people use reduced tillage or nin
rows, depending upon the crop to be grown (see Fig. im urn tillage as synonyms for conservation tillage, 
5). Crop yields increased as interrow spacing but the terms should not be so used because the 
decreased ( I able 6), which iscomparable to findings quantity ot residue retained inay not bc adequate t,, 
under filat cultivation (Adams ct al. 1976). Other proside acceptable erosion control. 
investigators hae shown smiilar crop ,ield increases While conservation tillage systems have good 
in a wide-bed, narross-ros' system (Parish and Mer- potential for erosion control, crop yields may be 
nmoud 1974, Kanipen and Krishna 1978), reduced otnpoorly drained soils, such as Vertisols. 

1his mnay be due to cooler soil temperatures, which 
Conservation tillage. lhe practice ofterracing and reduce crop germination, emergence, and early 
contouring with clean tillage does not provide ade- growth. Research has shown that the problem is 
quate erosion control on sonic soils with moderate reduced using no-till oti raised wide beds(Morrison 
to steep slopes. In addition, many farmers plow and Gerik 1983). The raised beds permit drainage 
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Wide-spaced rows 
 Double cropping. The practice of double crop
(90-100 cm ping, to maximii/c crop yields with available rainfall,
apart) 
 is confined to the humid Vrtisol region or to areas 

with irrigation potential (Sanford 1982, Hairston et 
fal.1984a and 1984h). Double cropping soybeans 

and w%,heat has bccoIme rIaccepted practice in the 
Narrower rows southern United States, and it is used on Vertisols in 
(60-76 cm , 
 Mississippi and Alahama. Sanuford (1982) indicates 
apart) 
 that lieadantages of this more intensive farming 

* . -... practice are (I) inirca sed profits restuIt i,,Ito mo re 

complete use of land and other resources, (2) 
reduced soil and w\ater losses from i aving the soil 

Narrow rows 
 covered With a plant catop'ftduring most ofthe year,
(30-50 c11x' anrd (3) increased use of soil-, wvater-, antd energy
apart) 
 conserving tillage netthodls. With soy bean-\vheat 

.. 
 . .
 . .. double cropping. soybeans are planted after wheat 
on seedbed. prepared by chiseling or disking andSolid-seeded .:. .. . orharro\ing. are planted dirctly into the wheat

dri lled rows stubble. In either case, \vshcat straw nay or ma\ not
(20-25 cii be burned before Seedit g the soybeans. Other crops
apdrt that are uised inl double cropping arie niai/c, grain 

* . .sorghumr, and, to atlesser extent, sunflow~ers. 
"
. -. ' .'.. Sanford et al. (1973), Sanford (1982), and Hlair

ston et al. ( 19 84a and 1984b) compared theeffects of 
.. .... .....2-r, bed m ,no.rop and double-crop production s\'stems onw1ter runolf and soil erosion, plant gro\th, cropFigure 5. \Vide-bed, iirros%-rov splacing configura- yield, soil characteristics., and net returns. In one

tions (from Morrison and (erik 1983). studv. sovhe.an \ields \erc lo\s.r than nornal 

becau e of lo\v raintall during the period: soybetan 
yields \%et not affected by 'chiselingthe pre\ ious fall 
Season. Yields oti nono+crop mininuimu till (MIlN)and earlier surfacc drying during the critical planting and no-till (ZERO) \ere conis:,i. 'l below motino

season. Weed control in wide-bed, io-till systems is crop con'entional tillage ((ON- or ('ON) treat
a critical prohleni. ;and additional research is needed mnits. l)ouble-crop (1)t0) soybt'an *yields were 
before the practice \kill significantly less than all nionocrop yields (Table 7).gain widespread acceptatce. 

Table 6. Effect of ro, spacing in ai14ide-bed, narro%-ro, on grain sorghum s ields s)sten ait emple, Texas(from Arkin et 
al. 1978). 

Spacing lterro. Grain yields (kg ha- 1 ) 
treatment spacing (henr) 1975 1976 1977 Mean' 
('on\entionial flat cti\atlon 1100 5490 448(0 51()0 5285 
Wide-bed s.rtn) (2 ill 
2 rows on 2-n bed 
3 rows on 2-m bed 
4 rowrs on 2-i hed 

90 I00 
60 76 
30 50 

o38( 
6720 

5080 
5895 
6690 

4890 
5980 
6045 

499) a 
6085 b 
6485 b 

r.Means llr,h mlole h% tilt +.rrn e(teltroc not ',riit i fcdhrri5,lll ri l Ifr ntor nseiOlnal il P : ..05 
2.Not plnted 
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Table 7. Water runoff, soil loss, soybean yields, and net returns above total direct and fixed costs for five tillage systems in 
the Mississippi Blackland Prairie (after iairston et al. 194b). 

Annual Annual 
Soybean yield' 2 runoff soil loss Nei returns' 

Tillage system (kg hal ') (cnt) (t ha - I) ($ ha-I) 

Monocrop 
Fall chisel , spring chisel, prepare

seedbed, plantcultivate (('ON+) 1814 a 21.0 
 12.3 105.18 
Spring chisel on]y, prepare

seedbed, plant, cultiate (CON) 1778 a 19.4 
 7.8 131.75
 
Stubble-plant s
%ill ni scedhed 
prepared, cultivate (MIN) 1338 b 14.6 6.7 51.28
 
Stubble-plant %kithno seedbed
 
prepared, no citisatmon ZEIROI 1253 b 21.1 6.5 59.48 

Double crop 
Os erseed or shtuhhle-plarit iwheat, 
burn straw, nil-Iil! plant soybeans, 
cultivate (D!'O' 1045 c 

(2976)1 11.5 2.5 315.02 

I. 2-%ear aiciage 
2. Means in a colui n hiitill d h%the saie letter are n r siignilicanth different at I' ((5. h. l)tJncan' New Multiple Rarige lest. 
3. Value a patenthesi% is tie silicat sieM (at .51; iiiolti lle) it) tile double-crop sstebn. 

Even though double-crop soybeatt yields were 
lower, net returns from double cropping (DUO) 
were much higher than an}y of the nionocrop sys-
terns, because of the added income froin the wheat in 
the double crop system. Net returns Irom moncri)p 
soybeans with minimun (MIN) or no-tillage 
(ZERO) were much lower thatn with tile monocrop 
conventional tillage (CON or CON,) systems, 

The double-crop (DUO) treatment was the most 
efficient in reduicing runf, with only IV' of the 
rainfall being lost as runoff. Similarly soil losses 
were much less from this treatment than frot any of 
the nonocrop treatments. lie additional lall chisel-
ing operation in the convctional(CON+) treatment 
increased erosion dramatically. 

The reduced rnonocrop soybean yields will adver
sely influence farner acceptance of no-till and min-
imumn tillage practices. [he wheat-soybeati 
double-crop system is not onl} ttore profitable but is 
also more soil-consersing. atnd it prosides a viable 
alternative to the continued use of conventiotnal til-
lage practices, especially fall chisel plowing, that are 
contributing to excess erosion. 

Fertility management. Crop yield response to 
commercial fertili,'ers, using conventional tillage 

practices, on Vertisols across the southern United 
States is quite predictable, and fertility management 
systems function adequately. Almost all crops 
respond to nitrogen and phosphorts ott all Vertisols. 
Response to added potassium usually occurs in the 
humid Vertisil region but only infrequently in the 
subhuntid and seni-arid Vertisols. Analysis of soil 
test results in I exas shosw that 70 of the samples 
sicre loss or verv low ini P, while over 80,i, were 
medium to very high in K. Due to introduction of 
new craps and varieties, tc production and man
agenlent practices, Including conservation tillage 
and no-till, and constantly changing economic con
ditions, recommended fertility management is con
stantly evolving in the United States. 

Supplemental irrigation. liere is little ground
water asailable for supplemental irrigation in the 
semi-arid ald subhtunid portiotms of the U.S. Ver
tisol region. Sone surface-intpounded water is used 
to irrigate rice in the Gulf Coast area. There is 
limited supplemental irrigation in other parts of the 
humid region. Since crops are subject to moisture 
deficits in almost every, growing season even in the 
humid areas, the potential of small-scale impound
merits for farm-size supplemental irrigation has been 
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investigated. In addition to the hydrologic research 
at ICRISAT, Krishna ( 1982)and Krishna and Arkin 
(1984) have analyzed the hydrologic data from 

experimental %,atersheds in central Texas to eyalu-
ate the potential for improved water conservation, 
using furrow (likes or small surface inipoundnients. 
They cce IuLded that moire than5 erni of rurloflcar be 
expected in the area between March and .June. [his 

runoff could be captured with furrow dikes or in a 
surface inpound ment. Since the soil is usuall v near 
saturation illthis area through late May, the benefit 
of water captured by furro\ (likes nmay be questiona-
hle. [he additional watcr could miove helow the root 
/one and become unavailable for plant grow\th. Oil\ 
the runot- occurring ii .June or latcr i,likely to 
benefit crop grovth. The prohab ility of significant 
runiolf esents after inid-June is uillitC loW. ItI S0i 
cases, the \:ater captured ii small impoundtnents 
could be used to adle \ate crop moisture dleicits 
during critical grns)\th stages. II sitl atOtis where tire 
Surfatce t ,.is Nuch thatralliMnPOullnt


i 

can be ecotonoically constructed, stpplemental irri-
gation could be sutccessftlly acconmplished. In ilost 
of tie su~htli ulid \Cttisols ill I CXis, sutch sYtes are 

infrequernt. In Ilost cases, potential sites w outld hold 

oil[\' 15 001) 61 1)1 i is not adeqlate lor0 illwhich 

extensi\e irrigtatiori. Site-specilic inlormiationS 
regarding rtrioll probability, slope, aild other fac
tors nust he taken into account in determining 

whether supplemental irrigation w\ith small 

impoutdments is leasiblc. 
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Discussion 

Dudal: Is the shrinking and swelling in Vertisols a 
hindrance to tileconstruction and maintenance of 

terraces? 

Burnett: Terraces in U.S. Vertisol regions are the 

broad-base type; hence, cracking has not been a 

major factor iti terrace failures. 

Sampath: Was the fertilizer applied per hectare the 
same in the 4 rows on thle 200-cm bed system as well 

as inthe 2 rows on the 200-cm bed system'? Or were 
the differences in yields related to different quanti
ties of fertili/er applied? 

Burnett: Whether it was a 4-row or 2-row system, the 

per hectare plant population was not altered, and the 
fertilizer was applied at the sane rate per hectare, for 
each treatment. lence, the question of varied fertil

i/er application does not arise. 
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Nutrient Management in Vertisols 
in the Indian Semi-Arid Tropics 

J.R. Burford', K.L. Sahrawat2, and R.P. Singh3 

Abstract 

Nutrient inputsare one of the important components ofimproved larming.svstemsfordeep Vertisols 
within the assured rainfall area(>800mm a- )of the Indian semi-arid tropics (SA T). In this area, 
deficiencies of nitrogen, phosphorus,and zinc are the most common in the staple cerealcrops. 
Fertilii.eruse remainsJo wapparentlydue to uncertaintY over the reliabilitYofresponsesto nutrient 
inputs. Another reason tor the Iw fkrtilizeruse has been the need to use severalcomponent inputsin 
combination (especially improved cultivars, lertilizers, and agrononic management) to ensure 
optimum benefits fron each input. Our recent research has attempted to delineate the most 
responsive environmentalsituations,so that the a'irmrsrisk can he minimized. 

At ICR ISA T Center,yields of rainy-seasonsorghum were reliable. Grainyiels of 5000 kg ha -' 
were consistentl attainedin six successive seasons, wthen nutrientswere supplied: but, in the absence 
ofkrtilizer,grainvieds were as low as 1500 kg ha 1.Nutrient inputs terea much more important 
determinantof sorghum vie/d than variationsin seasonalrainall.Use of "W-labeledfertilizer has 
shown that rainy-seasonsorghum was quite eflicient in the use of added krtilizer-N,except in the 

-much wetter (1200 nun a I rainfall)than normal (800 rum a 1)year where krtilizer-N was applied 
using traditional(local) means. Comparedwith improved application methods, uptake of N by the 
cropin this year was reduced from 45(Q to 30Ct, andlosses (presumablyasgases)increasedfrom 7 7 
to 25Ci. Because ICR ISA ('enter is locatedon the edge of the assuredrainfallarea, these resultson 
the reliabilityof responses and losses of fertilizer have much relevance to the whole area, where 
annual rainfallrises to as high as /300 mm a-'. 

Preliminaryresearchon phosphorushas confirmed earlicragronomic experiments indicatinga 
/ower requirementfirlertilizer- P on Vertisols. Ofparticularinterest are indicationsof the need to 
reevaluatesoil-test procedures.and the modest rate of phosphorusfixation by Vertisols. 

Pastresearchhas given majoremphasis to determining the nutrient requirementsof singlecrops. 
Neededin the future aretwo t'pes of general approaches: researchinto variablityinresponsesf-om 
Year to y'ear,especiallyas atkcted by water- soil . crop interactions,and long-termstudies to assess 
strategiesformaintenanceof fertilit'. Specific subject areasof high priorityarestudies on N-both 
on the efficiencv of frtilizer-N and on thepotentialbenefits oflegumes--and the needforphospho
rus, especiallv in relation to long-term cropping systems (rather than for single crops). Both are 
suitablefor network activit;es, within and outside India, because ofthe occurrenceofsimilarand 
dissimilaren vironments acrossthe SA T. 

I 	 Principal Soil Chemist, 2. So ilI Chemist, and 3. Program leader, Farming Systems Research Program, ICR ISAT Center, Pataneheru, 
Andhra Pradesh 502 324, India. 

ICRISAT Conference Paper no. 371. 

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1989. Management of Vertisols for improved agricultural 
production: proceedings of an IIISRAM Inaugural Workshop, 18-22 February 1985, ICRISAT Center, India. Patancheru, A.P. 502 324, 
India: ICRISAT. 
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Resume 

Gestion des Wliments nutritifs dans les Vertisols des zones tropicales semi-arides de I'Inde : Les 
apports des loikments nlutriti. font partie des composantes des technologies ameliorees pour les 
Vertsolsprofincs dansles rogionstropicalessemi-a rides de / '7nde; phvi onctrie ass uroe ("-.SO0mn 
paran). Dans ciete/one.,des carencesen a/ot, en phosphore ct en tincsont tri'scourltesparmnl/es 
cultures de base. IPourtant. emploi d iigrais reste hIible. L 'incertitude de a liahiito des rcponses 
aux apports des elnients nuitrititsest une des causes;tint,autreest Ivbesoin d utiiserdes apportsa 
comnposantes nultipe.s. surtout la comhinaisonde vtariiosanoorts.id' ' terais et de gestion, alin 
d 'ssurer des hticlesoptimunmIns de ehaC/ue apport, Notre r'einte recherchea vssi.v de dtic,'a±erles 
sitiationsk's plus bhtVitic/ues a/in di rotduire les risces eneourus par h'.s pat sans. 

A u ' A s ire/tto oni regu/i'renwntaitteint 5000 kg deCentre IC "RIS1'. It., rendenientsen grain d 
grains pari hectare pendatnt si\ saions /orsiue he. t'lcnents nuiriiA ctaient f'urnis.'lieets.ies, 

Mats. I.s rtendenientson( baise9 i Ii0( g h 1 i .sarisapplecation d'engrais. I)ek variationsdans It's 
precipitaltiOUssaistinieestCtaient un lacteurnetttnent mons important (Iu render'-nit do sorg/ho 

/uC It's appOrtrs des eeimenits noiritis. 1.utilisationde 'ftigrais .'N ;I niontro que le sorgho de la 
saison (It's p/lics rctpoiid tici ii P'Ippot .sipp/cinic'ntirt' dt'd l'iieraisa/ott'. satltdans / 'tlnic pus
ItIiiniIid (1200 mn par an) lte Ia toItnahc (SOO n) iiint Lee des ItIo1el Iraditionnels d'applicatioi 
ci'tnrai.sa/ot's. FIn conparaisonat tc Itcs nilthodes ci 'application atliores, / 'ssimilation de Npar/,Ia~'feet' i a /c rcidutite tie 45( ;)30"< ct /t's Jierie's (prt ihahtnent cntlo~rtut (iega/) omit at'nti'tic' 7Q" 
;i 25¢ . I)ii 1hut c/lit' /' ( 'ente I(CR IN..\ Ise trtuvc aul hornc L/i t ion cdclprecipitaltionsatsslret'., ec's 

r.sN ltais sOlit C-t'tc' /)its .7'rnt'lIItis dats tlolt' hi region or) Its preCCipiLtionsatmltlt'//t's s 1't;&lli 
Jic '/;i /300 nnt 1 ". 

P)s'.s nc'C']e/itht'.s pr-clininair'sstir Ic phospho' on tonlirn tie.s c.\ptric'nt'es agrotmoniques 
aIntrt'urc'. iiiuCi tt tiiic cintic' pi,. aih pt iiir /?t'ii. P sir/c's 'tti/ls. Les indicatIionsde /a 
iit'c't'e.slte t' rtalicr dt'.s p/roctfes c 'Inallse dies so/s. ct Ie hhlil' tauitd' l.atiindu phosphorepar 

'.csI 'rii sOs sntill of'tin inkrict toit pa'ltiCulir. 
I!nc attenltiol partituliir a etctoportr i /a dfit'riiniimtiondesc soins dtisct's tmt'nt. nutrisen 

cultur pure. I)uats I''tienir. del.x types d'pproct'hes .st'ront n eet'ssaincs .( ) des ttii's sur /oa 
lariabilittantletht' dlans It'.s ropotns', surittout dic' ;ai. int'ractions eau sol cultutr' et (2) des 
ctuclcs :i Ittulit' cchttaicc ti.sant ; t'stliter /es strategies pour niainttnir Ia frtiitiO. Des sujets 
Slte'ilic/it'.s iicet'.siitnt i''IcCICtC luni'cnt' .s euci'snt dct's sir rcIti/.s ;i /'dijcacit't de I ''mraus 
ct /'.s hnttIt'tC.s j Ottitiiiis tit's /tiLnilin'lu.sces, vt It's hctsoins en phosphor, .surituten rapport avec It's 
scsttt' t' tlture Ji log ternit' (philtt(it qu potir It's nlionocultures). V//es sont tonics les deux 
apprtol it'c's poilr /t's atliites dc est't'll, atissihici et Indct' c/l ' / .t'irieur,; tause ti Ia comiaison 
d'ntirotnintnt'isseinlat'lticdisscnilabhtallst'in de's tropiqlt's senli-a;ride;. 

Introduction Vcrtisols in the assured rainfall areas of India (Vir
mitni ct al. 1989: Willey et al. 1989). Even on Vertis-

I tlc tt\%1ltr1iett statu, o itot S-\ I suds has beent ()Is', l.triners ha\ beetn \ers- cattiOus, however, in 
r'ccogmit/d Ir seacral dectles, but fertilizer use in their atlption oi fertili/ac inputs for (trland agri
tainled agricultc across tIhe SA I is sCe. Iu , CSpC- cutlttrC. In this pAcper, %%Cdiescss Solnk historical 
Ciall\ oi thic stal t odcl[tts. I Itts t\ ltsagc Cttl- tclutc tittts leatding Ito tile ctrt'ttlV increasing 

k.\llhti'atstile widte'Sp Cad teali/atltn hs tllct ,,t'rs t tIl the oof ,llett.ss iltpottilttc litltrient inputs in 
the hettleits Of tltttt inp utcgttd tgiuctlecnttt lt igated (I*\]a not igroi:uttt aIcitte it %tite llecticness of 
ttt Ititn I itnot ,itattt Knittat it14 ):a lid.tt \'ets- nutient mpcts it tite mIprocd tdtihic cropping 
it!, the c-nttast is lttst ttatketd, hecausce tititient technolog lor \'t'tisols. linally. \ke indicate the 

tlitilt %IItptcts, Stete l \ic \'t' tl\hit', atll iimpotlattt ieecds tor Ititite ies.arch or \ertisolsespecially for 
CcIll j )IClltOI Ilcplo ec! tllltttg ,\Ntetllls It te.'t'p tttn'tt\olk aCtisites. 
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Nutrient Status of Indian Soils 

Nitrogen, phosphorus, and zinc are the main ele-
ments that need to be added to soils to ensure satis-
factory crop production in the SAT of India. These 
needs have been clearly demonstrated by many 
thousands of agronomic experiments, both at 
research centers and in farmers' fields(Kanwar 1972; 
Randhawa and Tandon 1982). Supporting evidence 
has been provided by extensive surveys involving 
tissue analyses of crops and the available nutrient 
status of the soils (IARI 1982). These complemen-
tary studies indicated that nitrogen deficiency in the 

staple cereal crops was almost universal, that phos-

phorus fertilizer was needed on about 50ci of soils, 
and that zinc was the third important nutrient. The 
impetus for such extensive surveys of soil and crop 

status arose from the need to establish ut-nutrient 
rient requirements of crops in extensive irrigated 
schemes. 

Irrigated Agriculture 

The combination of nutrient inputs, improved cul-
tivars, and an assured soil moisture regime through 

irrigation have been the basis of the "green revolu-
tion" that has so markedly improved grain produc
nutrients led to Idcia ep te third importanceo 
nutrientsertiltoeI-dia being le i largest consu-
uer of fertilizer-N in the world in 198 1 (F-AO 1985). 

Consumption in India was then 4.1 million tonnes 
(Sahai et al. 1982). Most of this fertilizer is applied in 
irrigated agriculture, ,nd will be so in the short-tern 
future because nutrient inputs are still less than the 
estimated needs iii many irrigation areas (Jha and 
Sarin 1984). 

Most of the research associated with irrigation 
schemes of the original green revolution aimed at 
increasing the production of rice or wheat, the pre-
mier food grains in India. Relesant to dryland agri-
culture, however, is one excellent example (Fig. I ), 
which shows the benefits of improved seed and fertil-
izer for grain sorghum -one oftlie two staple cereals 
grown by subsistence farmers in the drier agrocli-
mates of the tropics. [he yield of the traditional 
local) long-duration and log-stravetd sorghuni 

cult..ar was only about 1200 kg withoutha . 

fertili/er-N, which contrasted with the satisfactorily 
-high yield (-35()0 kg ha ) with N fertili/ation front 

the short-statured, short-duration. improved cul
tivar (Swarna) and hybrids (CSIl I and CS H 2); 

5000-	 CSH 1 
CSH 2 
Swarna 
Locals 

4000 

_ 

300 
30 /M 

--, 
-" 

/ 
2000 -...,. 

. -2 . 

, I / 

1000 

0 50 100 150 200 

litrogen applied (kg ha-1) 

sorghum cultivars to nitrogen application during the 
rainy season. Yield values given represent an average 
of 25 experiments conducted at various locations by 
the All India Coordinated Sorghum Improvement 

Program, during 1965-7 (Source: Singh et al. 
1972). 

even without inputs of N, the yield of the improved 
cultivars was 50'i more than that of the local; and 
the improved cultivars were niuch more responsive 
to inputs of N than the local cultivars. 

These results, and many others since, have amply 
demonstrated the excellent response of improved 
cultivars to nitrogen inputs when the soil moisture 
regime is assured throughout the life oft lie crop; but 
the responses are much less certain under the varia
bi Moisture regiies oLdryland farming areas. 

Rainfed Agriculture 

The potential benefits of nutrient inputs in dryland 
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agriculture havc conme to be recogniied only withinabout the past 10-15 years; their recognition wah Table 2. Effects of step-by-step improvement in cultivar,abuth par 10-15irr tedariulrecognitiohaps fertilizer, and land management on yields of maize grownmuch earlier in irrigated agriculture. Perhaps the in the rainy season on adeep Vertisol, ICRISAT Center,
major reason for this slow recognition was the essen- 1976 (ICRISAT 1977, pp.172).
tiality of irrigation for the heart of the green revolu
tion in India -- in the near-arid environment of the Fertili/er
Punjab. Regardless of the cause, the view prevailing Land Traditional Improved
earlier was that the major factor limiting improved Variety management (FYM)I (N PK)

productivity in rainfed agriculture was 
the lack of a Traditional Traditional 450 1900 
reliable moisture regine, due to unreliable rainfall. Inproved 660 2610 
Drought was perceived to limit productivity much 
more than nutrient deficiencies. The recent change Improved Traditional 630 2220 
in views is indicated in the conclusion that nutrients Improved 960 3470 
are the most important component of improved sys- L.S1) I 0.05 474 
terns for rainfed agriculture, and that their impor- 1.FYM farniyard manure. 
tance had not been adequately recogni/ed (Kanwar 
1981). 

Acceptance of the need for nutrients is derived 
front many experiments showing good responses because of variability in responses between years
(e.g., Table I ). Similarly' at ICRISA ('enter, initial and locations (Table 3). In interpreting these results, 
attempts at developing an improsed syslem fordccp a response of about 3 kg grain (kg N)-1 applied is
Vertisols showked the additise effect of improveed required to cover the costs of fertilizer, and farmers 
nutrients, agronony, and cultivars on yields of require a 2.5 -3.0 fold return (i.e., 8-9 kg grain [kg
rainy-season cereals (Table 2). Nevertheless there N]-') to interest them in making an input (Tandon
remains sone caution over the use of fertilizers, 1980). 

Table 1. Responses of rainfed sorghum to optimum or near-optimum levels of nitrogen application in field experiments in 
India in the rain) season (landon and Kanar 1985). 

Yield of /ero ResponseSoil (trial, N plots N level (kg grain
No averaged) Location (cultiarsj (t ia1) (kg ha ) [kg NI-I) 
I Alfisol (8) Iydcerabad (llvbrids) I 1.35 80 21.6
2 Alfisol (3) Vizianagaram (('SII I) 2.67 100 21.9
3 Vertisol (2) Ilyderabad ((S1t 6) 1.18 120 28.5
4 Vertisol (2) )harwar (CSII I) 2.39 100 14.2
5 Vertisol (8) Akola (C'SIt I) 1.35 60-80 24.2
 
6 Vertisol (5) Akola ('SI! I) 
 1.47 1010-120 16.7
7 Vertisol (3) I)hule (CSII I) 2.97 100 12.7 
8 Vertisol (2) Kohlapur (C'SIt I) 2.39 100 17.2

9 Vertisol (2) Nagpur (CSH i1) 1.88 
 75 24.2 

10 Vertisol (3) Parbhjani (('SIf 5) 3.11 120 20.6
II Vertisol (3) Kota (('SIt I) 0.77 75 10.1 
12 Vertisol (3) Rajkot (CSII I) 1.37 90 14.8 
13 Vert-AIlf (5) thansi (Mau Fl.12) 1.22 60-80 13.6 
14 Mollisol (6) Pantnagar (CSlI I) 2.60 80-100 11.9 
15 Entisol (6) Ne, )elhi (CSII 1)2 2.66 60 24.3
16 Entisol (4) New l)elhi (CSIl 1)2 0.82 100 16.0 

I. lyhrid,, 6('SIt 1. CStI 5. ('St
2. t'rotectise irrigation Mli.uneded; ticeptil%,o t both occur.iLnolso, 
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Table 3. Summary of response of rainy season crops to
fertilizer-N (Rao and Das 1982). 

Range of response 
Crop (kg grain [kg N]-') 

Sorghum 3.4-43.4 
Pearl millet 2.1-24.8 
Finger millet 5.0-42.4 
Mai7e 4.1-67.4 
Rice 4.5-33.9 
Setaria 5.9-17.9 
Sunflower 1.5-22.6Csnoer 2.9-2. 
Castor 2.9-7.2 
Groundnut 1.3-6.0 
Linseed 1.2-11.5 
Sesamum 1.3-5.0 

Fertilizer Use in Rainfed Agriculture 

Despite the encouraging results shown in Tables I 
and 2, the adoption of fertilizer in dryland agricul-
ture in India has been particularly slow. Over 
1977-79, the average input of nutrients in the dry-
land districts of the country was only 18.5 kg lia-'a 
(Jha and Sarin 1984); the inputs are expressed in the 
oxide form, i.e., N - 1P:0, + K,0. and a drvland 
district is one in which less than 25"i of cultivated 
land was irrigated. But these average rates of fertil-
izer application did not reflect the fertilizer applied 
to the staple food crops (sorghum, millet) of the 
drylands. Of the total nutrients applied over a dis-
trict, most, sometimes all, was applied to either cash 
crops (for example, groundnut, cotton, castor, chil-
lies, tobacco,) under rainfed agriculture, or to small 
areas of irrigated land (e.g., paddy rice, sugarcane) 
within the rainfed area; in both these situations, 
farmers may apply large rates of fertilizer. The 
amount of fertilizer applied by the subsistence 
farmer in the Indian SAT to his dryland staple food 
crops-sorghum and millet- is indeed very small. 

The reasons for the slow adoption of fertilizers in 
the cultivation of dryland cereals are not well under
stood, although some factors are fairly obvious. 
First, dryland agriculture has been given research 
emphasis only in recent years, because of the earlier 
views that low and variable rainfall was a major 
constraint. Second, fertilizer inputs are most effec-
tive only when several improved components are 
introduced concurrently, e.g., improved cultivars 
and a range of factors that fall within the umbrella of 
improved agronomy. Third, and most important in 

the view of Jha and Sarin (1984), is the uncertainty
the es of crp t feri lisedditinv 

of the responses of crops to fertilizer additions; vari
ability in responses had earlier been clearly demon

strated (Kanwar et al. 1973) though inadequate 
attention has been given to its effects on the adop

.tion of fertilizers. Our research over the past few 
years has aimed at improving understanding of the 
factors causing variability in responses, to allow a 
better delineation of the conditions under which 
nutrient use would be most effective, and therefore 
reduce the uncertainty currently attached to the use 
of fertilizer in dryland agriculture, especially on Ver

tisols. Pertinent results are given in the sections that 
follow. 

Nutrient Inputs for Deep Vertisols in
the Rainy Season 

Nitrogen has been given most emphasis in our stu
dies of nutrient management on deep Vertisols, 
because of the prevailing view that phosphorus 
inputs were less important for crops on Vertisols 
than on lighter-textured soils such as Alfisols and 
Entisols (Arakeri 1980; Tandon and Kanwar 1984). 
Ani additional reason for giving priority to nitrogen 
is that an assured moisture regime is essential for 
maximum responses to fertilizer-N; and, the most 
important attribute of Vertisols -- their high water
holding capacity--should minimize the effects of 
dry periods during the rainy season. Therefore, it is 
on Vertisols under moderately assured rainfall that 
we would expect to get the most consistent responses 
to the total nitrogen supplied to acrop (from soil and 
fertilizer sources). ICRISAT Center provided a use
ful benchmark site for studying such nutrient 
responses in detail. 

Nitrogen 

Sole Sorghum 

A summary of responses of sole-cropped sorghum to 
applied N on deep Vertisols over six successive years 
at ICRISAT Center provides a good example of the 
year-to-year variation in responses in rainy-season 
cropping (Fig. 2). The first increment of applied-N 
(usually 40 kg N ha-I) always gave worthwhile 
responses. Even in the particularly harsh year of 
1979-when the rainy season commenced late and 
was notable for several prolonged droughty periods 
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Regression equations:
 

1977: y z 1920 + 62.4x - 0.28x 2 R = 0.81 rse = 1063
 

1978: y = 1310 + 53.3x - 0.19x 2 R = 0.97 r'se = 386
 

1979: y = 3920 + 37.8x - 0.23x2 R = 0.92 rse = 280
 

1980: y = 3340 + 19.6x - 0.59x 2 R = 0.99 rse = 123
 
= 
 =
1981: y 2580 + 44.3x - 0.17x 2 R 0.97 rse 358
 

1982: y = 2340 + 40.8x - 0.15x2 R 0.91 rse = 510
 

Figure 2. Response of sole-cropped hybrid sorghum (CSil 6) to applied N deep Vertisols, ICRISATon 
Center, rainy season 1977-82. Seasonal rainfall given 

up to sorghum anthesis in late August--the initial 
increment of N caused a response of 13..- kg grain 
(kg N)l applied which, at prevailing grain and fertil-
izer prices, represented a benefit:cost ratio of about 
4:1. 


Figure 2clearly shows that seasonal conditions at 
ICRISAT Center did not appreciably restrict the 
maximum yield of rainy-season sorghum (CSH 6) 
on deep Vertisols, provided adequate nitrogen was 
supplied. With adequate N inputs, yields attained 
the quite satisfactory level of 5000 kg ha-' in each 
year, even in the particularly harsh 1979 season. This 
contrasts with lower yields on Alfisols in this year 
(ICRISAT 1984, pp. 255 -259 ), and reinforces the 
observation by other workshop contributors that 
Vertisols are potentially among the most productive 
soils in the SAT, mainly because of their high water- 
storage capacity. The storage is sufficient to main-
tain crop growth during droughty periods within the 
rainy season, in addition to supporting growth for 
extended periods after the rains ease. 

The area delineated as assured for rainy-season 
cropping on deep Vertisols was based on the high 
probability of a rainy-season crop to survive and 
produce grain(Virmani etal. 1989).Thisconcept did 

in parentheses after year (Source: ICRISAT 1984). 

not, however,extend to the next step of assessing the
 
potential productivity of crops, and especially the 
responsiveness to nitrogen for which we might 
expect, a priori, that the assuredness of rainfall 
would need to be higher. Nevertheless, because 
ICRISAT ('enter is located on the edge of the area 
described as assured for crops' survival, we can pre
diet with reasonable confidence (on the basis of the 
data in Fig. 2) that this assured area is also that in 
which rainfall is sufficiently dependable for moder
ately high and reliable grain production of rainy
season sorghum. 

While the data in Figure 2 show a high reliability 
of responses to a first increment of nitrogen, they 
also indicate that the magnitude of'responsesand the 
amount of fertili/er needed varies considerably. 
These are inversely related to the yield without N 
inputs. Preliminary examinations indicate that 
these, in turn, may depend on a combination of 
seasonal rainfall and the nitrogen-supplying capac
itN of the soil; research on these aspects is needed. 

The percentage of fertiliter-N absorbed by crops 
provides a useful guide to the efficiency of its use. 
For sole crops of rainy-season sorghum at ICRISAT 
Center -grown under the agronomic practices 
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recommended for double-cropping deep Vertisols, 
especially dry seeding ahead of arrival of rainy sea-
son (see Virmani et al. 1989) and improved methods 
of fertilizer application---uptakes are usually greater 
than 50%. (Moraghan et al. 1984; C.M. Hong, ICR I-
SAT, personal communication). Iheseare similar to 
results expected from experiments elsewhere in the 
world where fertilizer use by the crop isefficient. The 
uptake of fertilizer by sorghum crops was assessed 
by the "apparent N recovery" method, or was inea-
sured using isotopically-labeled I"N fertilizer: the 
improved method of fcrtili/er-N application 
involved applying tie fertilizer in bands below the 
soil surface, in split applications involking one-half 
of the total at seeding, and one-half at the first 
weeding (about 10 14 days after emergence of the 
crop). 

Improved methods of fertili/cr application appear 
to be essential in high iainlall years. In i 1981. when 
the total rainfall %%as 12t00 rm, application of all the 
fertilizer at seeding gavc a low uptake by the crop of 
only 301% a \alue which usually indicates 
inefficiency and tie unaccounted-for N (presuma-
bly lost as gases) \%as 26"7 ( lable 4). Ihe irnpro\ed 
application method, in\ ol%ing split-application and 
band-placement ol fertilicr. increased N uptake to 
-45(i, and decreased tihe apparent losses to .7(%. 
hlie improved application methods ga\e little or no 

advantage in drier years. This result, obtained in a 

very high rainfall year at ICRISAT Center, has con
siderable relevance for the Vertisols under higher 
average rainfall. The nitrogen losses appear to be 
caused hr denitrification, as leaching through these 
heavy clay soils is expected to be very slow. 

The 1IN-recovery data described here were the 
first to be obtained for Vertisols under dryland agri
culture in India. They are particularly valuable 
because they counter earlier popular opinion that 
fertili/cr-N is not efficiently used by cereals in the 
rainfed SAT of India. lhcv also show the need for 
care in fertili/er application. The need for simpler-
and cheaper implenrents isclear(see von Oppen et 
al. 1989), but implement development should not 
ignore the need for research on timing and possibly 
placement of fertili/er-N. 

Cereal Legume Intercrops 

I he intercropping of pigeonpea with sorghum, with 
a regular ros,-arrangement of 1:2 (pigeonpea: 
sorghum), provides a highly successful mnean, of 
increasing productivity by about 40 60%, compared 
with growing these two components as sole crops 
(Willcy et al. 1989). lhe vield of such intercropped 
sorghurn, maturing towards the end of the rainy 
season, is usually in excess of 90(' of that of a sole 
crop; for medium-duration pigeonpea, maturing 

Table 4. Effect of nethod of application of urea (72 kg ha-') 6 on grain yield, N uptake, and N recovery;to sorghum (SII 
Vertisol, ICRISAT (enter, rainy season 1981 (Moraghan etaL. 1984). 

Broadc.t oser soil surface 

left on Split 
surface Incorporated' band2 SE 

Grain yield (kg ha') 4260 4110 5220 ± 225 1 
N-uptake (kg ha') 

From fertiliier 22 21 40 ± 1.1 
From soil' 4(1 39 45 

Recovery of fcrtiliuer-N IT)l 
Plant 31 30 55 1 ILo 
Soil 42 45 39 ± 2.7 
Plant 4 soil 73 75 94 ± 2.4 

Assumed losses 27 25 6 

. Imniediately prior toseeding. 
fertlliter-N
2. Ial tile total apptied a0seeding, and half 14days after encrgence. 

3. Calculated Ironn "'Nconticn ot planl 
4. Determined by 1'1N. 
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several months later, yields are about 60,4 ofthe sole 
crop. The sorghum, pigeonpea intercrop gives about 
the same productivity as sorghum (or maize) and 
chickpea sequential crops grown in the rainy and 
postrainy seasons, respectisely: but tileintercrop is 
more reliable because it avoids the need to establish 
the second crop when reliability of rainfall is dcclin-
ing (Willev et al. 1989), But there had been iosvste-
matic study of tileeffectiveness of lertiliier-N 
applied to tilecereal: because of competition 

between the two components of the intercrop, fertil
izer application w,'asexpected to be less efficient than 
with tie sole crop. ('omparisons over 3 years show 
that the responsis eness of sorghum was decreased 
only slightly by the introduction Of tie pigeonpea as 
an intercrop ( l-ig. 3)L and, although the stimulation 
of tilegrowth of sorghum by fertili/er-N caused 
some depression of pigeonpea \ields. tileoserall 
increase in productikity wkas still 40'1 with N-inputs 
as high as hlI (t-ig.120 kg 4). 

6000- Sole clro 1977 

500-

4000-

3000 / ./ 


2000 

1000- ' I 

19785000-
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3000-
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5leads 
_00-1979 


3000-


2000-


1000- T 
0 40 80 120 

-
Nitrogen applied (kg N ha 1 


Figure 3. Response of sole and intercrolpped rains-
season sorghui to nitrogen on Verlisoll at I'II.SAI 
Center, 1977-79 (Source: I(RISAI 19811. 

Residual Effects inCropping Systems 

The proportion of fertili/er-N, applied to rainy

season cereal crops, that bccame incorporated into 
the soil wias quite high (up to 451 ,see Iable 4). 
A\ailahilit\ of this ucorporated-N for subsequent 
crops %,as. hosseser, los. (O)IlI 3' was taken up 
by iasubsequLenit crop, Citier afller grovn iii tie 
postrain\ seasoii o sorilighuiii in the riny season if 
ilefoll\ming \Cal ("Noraghari et al. 19X4). Tiis 

result is in accord wkith dataliohsing the \ery slow 
release of hcutilicr-N once itisincorporated into the 
soil matrix (Jatisson 1963: Wst.rniai et al. 1972: 

)o sdell eial. 1984). 

Iegunie-Based Cropping Systerns 

recentlyUeIntil agricultural research in India had 
given emphasis to the use if lertili/er-N for tile 
alleviation of nitrogen deficiency iii cereals. While 
this reflects the ready acceptance of fertili/er use by 
farmers ini irrigated agriculture, tile lack of ready 
adoiption of fertili/er-N use in rainted agriculture 

to speculation it tie possible role of legumes in 
prosiding "free" inputs sia tire biological fixation of 
N by legumes.

Legune-based systems hase been particularly 
successful for providing N-inputs \%,here fertilizer 
was of marginal economic benefit (i)onald 1964; 
Russell 1984). lhese systcims used gratied pastures 
for tile leguie phase. Biut. ini India, there is no 
tradition of pastueile elopen for arnirial produc

ioi; leguiries are grown lor their grain ai,part of tile 
crop-prrdoctlon i heir produce thbusLICtenm 

renoes i substantial proportion if tire N fixed,especiall h inirproedcriltis ars \siiila higtharvest 

index'. ie ., tire ploportion of grain to trrtal biomass. 
Iinprs eniernis toi Iisuhars by plant breeders are 
usuall] directed at least partly to improving tire 
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Figure 4. Effect of nitrogen fertilization on the land equivalent ratios in sorghum/pigeonpea intercrops at 
IICRISAT Center, 1978-80 (Source: I(RISA'! 1981). 

harvest index. This can lead to the removal of more ---- Pigeonpea
nitrogen in grain than has been fixed during the crop - Sorghumn/Pigeonpea (80N) 
growth (lleniell and Vallis 1977). Fallow 

Perhaps it was such logic that led to a lower ' 4000 -------Sorghum (80N)
 
priority being gi'en to research on the possible hene-

ficial effects of biological N fixation by grain legutne 

-'
 

-

crops. Ignored was tite act that pigeonpea has only a 3000 " 


low harvest index, sometimes less than 0.20 for tie w
niediuni- to long-duration types, and that it also " 2000
 
sheds its senescing leaves Irom flowering onwards. ..
 
Although the farmer remoses the stalks from the -.
 

field, he removes relatively little nitrogen in this 0 1000
 
process, because the stalks have a very low N .
 
content. 
 Z 0 

Addition of nitrogen by fallen leaves imay add 20 40 60 80
40-60 kg N ha-' to the soil (Sheldrake and Naraya
nan 1979). Ihese, plus root material and nodules Fertilizer nitrogen applied 
remaining in the soil, have been shown to havegood to maize (kg ha- 

residual effects on a subsequent cereal crop (Kumar 
Rao et al. 1983). which are equivalent to an applica- Figure 5. Effect of pigeonpea grown in (he previous
tion of fertili/er-N of about 30 40 kg N ha- I (Fig. 5). season as a sole crop, or in sorghuin/pigeonpea
While this is not large, even a moderate input is intercrop, on the response of maize grain yield to 
valua 1efor a crop as responsive as sorghum to N fertilizer nitrogen application (Source: Kumar Rao 
inputs; this input could double yields, because the et al. 1983). 
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cereal crops. 
Such results have led to the establishment at 

ICRISAT of long-term experiments that examine 
the yields and residual effects of various combina
tions of crops, to assess thle optimlum comhi nations 

of legumes and cereals for maintaining prod uctivity. 
Such experiments are urgently needed for the var-
ious agroclimates and soils in the Indian SAF, 
because their results will provide tie basis for plan-
ning an optimun balance of fertiliier-N and legume-
N inputs. 

Phosphorus 

The need to establish the phosphorus requirements 
of crops grown on Vertisols has received much less 
research attention than that given to nitrogen, for 
two reasons. First, phosphorus is given a lower 
priority iii India than nitrogen, as it generallv 
appears to be less necessary on Vertisols than on 
other soils (Arakeri 1980). Second. strategies Ior 
phosphorus application can he much simpler to 
develop, because ol the strong residual ellects of 
previous applications and because it is olten possible 
to make general recommendatons oi a soil basis, 
which apply over quite wide areas (Smith 1967). 

Preliminary experiments at ICRISAI hase indi-
cated that Vertisols differ from othersoils as regards 
the behaxior of P in the soil. Pigeonpea iny respond 
to phosphorus applications on Allisols of low avail-
able 1) status ( 3 pp 1 (Olsen P in the 0 15 cum soil 
depth); hut ithas not yet responded on Vertisols at 
ICRISAl ('enter, eten when soil availahle-I 
(Olsen) levels were extremely low (, 1.5 ppn). 
Further, sorghum niuch more responsie than 
pigeonpea to 1) applications (ICRISA] 1981. 
pp.1 78 -185) usually responds to P application on 
Vertisols only when the Olsen-I' \alue is less than 2 
ppm (Fig. 6). "Ihis is a cry lowcritical lesel; inIndia 
5 ppm is generally considered as possibly adequate, 
and 10 ppm as sufficient. 

What causes the apparent difference in tile heliav-
ior of P in Vertisols, from that in other soils, is not 
immediately clear. Studies under more closely con-
trolled conditions, inpot experiments inolving soils 
from carefully selected sites on Allisols and Vertis
ols, failed to demonstrate a difference between the 
soil-testcrop-response relationships for the two 
soils when the Olsen test was used to assess soil P 
status. Butt a wide divergence was shown when the 
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Figure 6. Relationship hetween relative grain yield 
(Y-Po/Y-I'max) of rainy-season sorghum CSIi 6 
and availalle P (Olsen) in 1-15 cmi depth of Vertis
ol1; field experiments, ICIRISA'" (enter, 1981 and 
1982. 

moreIeXhaustive Colwell adaptation of the Olsen 
test \,.as Ibis was surprising because the Verused. 
tisol, with its higher buffering capacity, was 
expected to release more"sorbed" P than the Alfisol. 
Although Vertisols in India are reputed to have a 
high P-lixation capacity, rela tively little difference 
.as Ibund in the lixation rate ot benchmark Vertis

ols and Allisols at ICR ISA I Center (ICRISA 
1985, pp.255-25 7 ). 

()ther e\idence indicates that tileP status of Ver
tisols niav \atv substantially across the SAT. Some 
\etisols in Australia have not required 1) inputs 
esen alter many years of continuous cropping, and 
those in India and Sudan appear to require only 
snill inputs, but some -thiopian Vertisolsappear to 
require substantial inputs (Tamirie Ilawando, Ethi
opia, personal communication). Further research is 
needed oi tie varioius issues raised about tilebehav
or otP itt Vertisols, mainly because recommenda

tions for nutrient additions to soils must be derived 
from kno.n tdata about tile highest and most relia
ble benelit:cost ratio options. 

Olher Nutrients 

Apart from nitrogen and phosphorus, zinc is the 
only nutrient required over substantial areas in 
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India. The high clay content and alkaline p1i of 
Vertisols is undoubtedly responsible for the wides-
pread occurrence ofZn deficiency. Sorghum is much 
less susceptible than maize, but current remedial 
measures are not very satisfactory. Soil applications 
are most effective, but tile)are costly and wasteful 
because the amount of zinc sulfate needed for 
improved cropping systems is about 20 kg ha-' app-
lied perhaps as often as every 3 years. Deficiencies 
can be alleviated, or completely ameliorated, by 
spraying 0.5"i zinc sulfate solution onto the crop: 
but, with severe deficiencies, the application may 
need to be repeated 2 or 3 times. Temporary water-
logging of Vertisols may initiate or intensify some 
nutrient deficiencies, as for example, zinc deficiency 
on maize and iron chlorosis on groundnut. 

Vertisols: Postrainy-Season Cropping 

The nutrient requirements of postrainv -season crops 
have receixed much less attention tha n those of' 
rainy-season crops. Responses are smaller in 
postrainy-season crops than in rainy-season crops 
(Tandon 1980: landon and Kanwar 1984) and the 
frequency of profitable responses appears to be 
lower(Ka n %a ret al. 1973). The main reason fhrthis 
smaller reward isundoubtedly that post ra iny-season 
crops usually rely on %%atier stored inthe soil profile 
for most (or all) of their \%ater requirements. These 
crops usually approach maturity with their moisture 
supplies approaching exhaustion; drought stress 
during their gro\th is common. Additionally, nut-
rients placed at the usual depth (5cin) inthe soil may 
be easily accessible to plant roots for only a short 
time, because of increased nutrient uptake and yield 
(Rao and l)as 1982; Moraghan et al. 1984), but the 
magnitude of nutrient response will still be limited 
by the water available crop.to tile 

Research is urgently needed on nutrient require-
ments of postrainy-season crops oniVertisols. As 

indicated, complex nutrient-water interactions may 
be involved. Systematic approaches, involving stu-
dies of the niechanisms involved, \%ouhl appear to be 
more promising than empirical approaches. 

Further Research Needs 

Findings oti the nutrient requirements of crops on 
Vertisols from tileresearch at ICRISAT Center can 

be applied to the watershed-based double cropping 

technology for deep Vertisols in the assured rainfall 
areas in India. We can extrapolate with some confi
dence, especially for nitrogen, because (1)ICR ISAT 
Center is located on the 'dry' edge of the assured 
rainflall area, (2) responses to nitrogen are especially 
dependent upon an assured moisture regime, and (3) 
the Vertisols in Indiaappear to be reasonably homo
genous (Swindale 1989). We may conclude, from the 
data in Figure 2, that lack of nutrients (especially N) 
is a much more important constraint to production 
than drought in this target a rea. This finding clearly 
indicates the need for further research to determine 
the best means of improving and maintaining the 
nutrient status of these soils; this may involve fertil
izers, legumes, or a combination of both. 

For cereals grown in tie rainy season, fertilizer-N 
is used efficiently under tilemoderate rainfall condi
tions at ICR ISAT Center. But, because of the higher 
probability of waterlogging, and losses by denitrifi
cation, more research is needed on the application 

methods under higher rainfall. More research isalso 
needed on plstrainy-season cropping, as this has 
been a neglected area. The reliability of responses to 
nutrient inputs in this season has not yet been given 
serious consideration. 

Although tie adlvantages of legumes are known, 
more emphasis needs to be given to legume-N 
inputs. ile preliminary results shown here from 
ICRISAl' Center are being substantiated in more 
detailed %%ork. Clearly, there is a need to develop 
general relationships that permit the planning of 
crop sequences and crop combinations, which will 
maintain fertility for a range of soils and rainfall 
environments. 

For phosphorus, initial results shown here indi
cate the need for a reassessment of tie behavior of P 
in Vertisols. It does not seem generally recognized, 
yet, that a lower critical limit is needed for a soil test 
for sorgh um on Vertisols. Additionally, variations 
in P1status across the SAT appear to have rece'ved 
little attention. 

In sumniary, there exists a full agenda of research 
topics that justify attention within a Vertisol net
work. Commonalities and contrasts in Vertisol cli
mates and soil characteristics provide a challenging 
research framework. A network approach offers the 
potential of a faster solution to crop production 
problems than isachievable by researchers working 

in relative isolation in their own countries. 
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Discussion 

Cooper: (I) We obsersed large responses to phos-
plate in Vertisols in Syria (anything below t 9 ppm 
of Olsen a\ailable I' guaranteed the response): but 
the response depended on the method of 
application banded vs. placed. (2) Ilave son stu-
died methods of applica tioni? 

Burford: (It In discussing responses in relation to 
soil test \allies, w~e are relerring to experiments in 
which all efforts have been made Ito utptiitie 
responses: e.g.. good agrointmy (optimum plant 
popt ions and spacing, good weed control. good 
pest contirol. etc.); improved cutlivars ('SII 6 hybrid 
sorghtm, for example); and appropriate placeeni t 
of P 'ertilier. (2) Nt, hecatuse this aspect has been 
covered fairly extensisely by the natiotal programs 

in India, such that Tandon gives general recommen
dations on the best application methods for tile dif

ferent sources of P for several different groups of 
soils. 

Blokhuis: \Vith respect to Dr. Burford's comment 
that sonie Ethiopian Vertisols fix appreciable 
aiounts of 1), and exhibit very large responses to P 
application, some Ethiopian Vertisols have received 
appreciable aiiionts of' volcanic ashl. 

Ethiopian Vertisols whether they are 
developed froi limestone, ba:;alts, or volcanic ash 
mixed with \ertisols responded high'Y to applied 

1) anrd N. 

Ahmed: ( I ) (Oi Caribbean Vertisols (that test very 
low for available I' by chemical methods) grass 
crops stgarcane and maize. for instance do not 
respond to 1)but other crops may': all scientists have 
ittipreted this pientmenoias due to differences iiitrrtdtip el~ll~ .s(|i odlee csi
 
root soil relationships 
 Ior \arious crops. l)o you
ha,,e any experience %sithrespotse of 1) to crops 
otlerilIa cereals. (2) \Vith respect to your coin
merits about P)deficiency ott thiopian Vertisols. I 

hake to point out that tiese arc erlain to varying 
depths by andisittk inaterials arid this may explain 
their belttaiitr %kithrespect to phosphorus. 

lurford: (I) At ICR ISAT Ceter. %%e have found 
that sorghum and millet respond to applied 1lmuch 

more than ptgconpea atd chickpea. 

Rasheed: In vyttr last slide, sou showed us sorne Zn 
deficiency symptoms. I would like to know what the 
pil was, anrd w%hether you observed any other micro
nutrient deficiencies. 

Burford: I he reaction of the sirfice soil was about 
p11 7.5-8.0. No, other consistent inicrotutrient defi
ciencies %sere found, although transient iron defi
ciency may occur during periods of temporary 
waterlogging in cool weather. 

159 



Effective Tillage Practices for Conserving
 
Soil and Water Resources
 

Paul W. Unger and Ordie R. Jones' 

Abstract 

Soil erosion h' water and wind is a problem on most soils, including Vertisols. It is widely known 
that a permanent coverot i,rasses and trees is highlV ctectivefor controlling erosion and conserving 
water.hut such cover does not allo it crop production: hence. tillage andsupportpracticesarerelied 
upon to control soil and water erosion. Conservation tillae which retains residues of crops on the 
soilsurl'ce. is more ctifeeti e than clean tillagelorctonservitsoil aidwater. However soiland water 
can also he conserved through proper utse of 'cleantillage alone or hi' tillage in conijunction with 
suitable suppor' practices. such as contouring, terracing, striperopoitng, firrow diking, and so on. 
Tis report discusses the ctiect of conseriation tilhle, clean tillage, and support practices on 

cOnservingsoil and w'aterresources. 

R&u=6 

P1ratiqueseffect ives de labour afin de pirt-server les ressources du sol et de I'eau : L ' osion dusolpar 

I 'eao et /c vent est on prohlinedans la plupart des sols. Y compris les Vertisols. On sait trs bien 
qu 'ine couierture pernianente de gratnines et d'arbres est trs Nlicace pour contr6ler lerosion et 
conserver l'eau., mats uic tele couverture tie"perinet pas (de productiotn agricole. Par conscquetnt, IC' 

labouret lespratiques I "v)pui sont ncessairesalin de contrdlerl'rosion.Le labourdeprservation, 
oi) I 'onconserve les residus des recoltes hiasurlace do sol. est plus etfi eacc qoe le lahourintegral, o 6 
'on enlve les rcsidus. Nanmoin.s, le sol et l'eau pcoient &tre4alement proteges par I'otilisation 

adtquate d'un labour sans r'sid oil en I'utilisanit en COnthihnisol aVcec des pratiques d appui 
adquate.s. cointe par exeniplc des courbes de niveau, des terrasses, des cultures en bande-, le 
drainage desillons etc. (Cet article traitede I'clfet do labourde prservation,dn labour intbgralet des 
ntbhodes d 'appjuipoor mntaintenir les ressources do sol et de /'1a u. 

Introduction 	 crop production. [here is also an urgent need to 
conserve water, because Vertisols commonly occur 

Most of the world's soils, including Vcrtisols. are where limited precipitation often limits crop yields. 
subject to erosion by water and %kind. Although The effectiveness of vegetative covers for control-
Vertisols cover only ahoot 1.8('7 of the world's land ling erosion is well known: permanent covers of 
surface ( Donahue ct al. 1977), they are highly impor- grasses and trees. however, are usually not compati
tant agricUlturally and must he conservd to sustain hie with crop production. Consequently, alternate 

I. 	 S,, ".cientiss%, Consr iIit) irid 'iodn:fcltoit Rccarch I aboritIory, I'S IA, Ag iculi uraI Re search Servc, I'.c(. tl)a~ ii 10, BushIand, 
"IX 7t9012, UISA. 

ICR ISAT nteratio al r(ops Research I ituiie or iteScmi-Arid rropicsf. 1989. Management of Vertisols for improved agricultural 

production: proceedings of an I111SRAM Inaugural Woikshop, 18-22 F'ebruary 1985, ICRISAt1 Center, India. Patanchcru, A.P. 502 324, 
tndia. ICR ISAT. 
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conservation practices must be employed. A practice
that is essentiallyas effective as a permanent cover of 
grasses or trees isconservation tillage, which retains 
a cover of residues on the soil during critical erosion 
periods. A complete cover of surface residues gives
the most protection. Lesser amounts, however, pro-
vide enough protection so that annual erosion does 
not exceed 11.2 t hai-', the tolerable level for many
soils (Wischmeier and Smith 1978). Approximate 
amounts needed to maintain erosion below this tol-
erable level are given in Table I. 

The residue amounts shown in Table I are rela-
tively low. However, such amounts often are not 
produced by rainfed crops in many areas, and 
residues of some crops, such as cotton ((fo.%.%lD;itm
hirsmtum I..), provide little protection against ero-
sion. In addition, residues are often used for animal 
feed or fuel. When crop residues are not available,
whatever the reason, alternate measures must he 
employed. This report discusses (I) conservation 
tillage methods for situations where crop residues 
are available, (2) clean tillage methods for sitUations 
where residues are limited or it is not desirable to use 

conservation 
 tillage, and (3) support practices that 
provide additional protection against soil and water 
losses, 

Tillage Methods 

Conservation Tillage 

Conservation tillage is commonly defined in the 
United States as any system that leaves at least 30(;7
of the soil surfact. covered with crop residues after a 

crop is planted. This definition implies that such an 
amount or more would be present at all times during
the interval between crops. Following is a short 
discussion of some methods of residue-nmanagement 
systems. 
Stubble-mulch tillage. Stubble-mulch tillage is 
accomplished %kith implements (sweeps or blades)
that undercut the soil surface, thereby retaining 
most crop residues on tie surface. Stubble-mulch 
tillage can also he performed withi a chisel plow, hut 
a rotary rodsweder may be needed to improve weed 
control. 

Stuhblh-miulch tillage was d.:veloped to control 
wind erosion in the Great Piains of the United 
States. but it also reduces water erosion and enhan
ces water conservation. Ilecause stubble-mulch 
implements reduce surface residues only about 10V% 
for each operation, tiev usually maintain adequate
residues to control erosion, provided sufficient 
residues are produced by the preceding crop.

One disadsantage of stubble-mulch tillage ispoor
weed control %%hen tillage is performed while tile soil 
is moist or hen soon%% precipitation occurs after 
tillage. Some grassy wceds may be especially hard to 
control. To improve control and to firm soil before 
planting, shallow tillage with at rodweeder is often
 
used in a stubblc-mulch system.


Stubble-mulch an(d one-way disk (clean) tillage 
were compared hy . ohnson and Davis (1972) for 
winter wheat ( Trl't'cotm ae.tivtiw I.) on Mollisola 
(Pullman series at Ilushland, lexas. The soil has30,7 clay in the surface horion and a high shrink
swell potential, with a coefficient of linearextensibil
ity (COL) of 0.078 in the hit I horizon (unpublished
data, US Department of Agriculture, Soil Conserva
tion Service. National Soil Survey Laboratory, Lin-

Table I. Approximate amounts (kg ha-1) of residue needed to maintain annual erosion at below a tolerable level of 11.2 tha-' on various types of soil (from Anderson 1968, Fenster 19731. 

Water erosion 

Wheat residue Wheat residute 
Soil Texture' Hat 

Silts 1600 
Clays and silty loams 2100 
Loamy fine sands 1000 

1. Sit1, with 50"; nonerod bhe Iracios greater 

fractions. 

Standing Flat 

500 1000 
900 1800 

1200 2400 

han1.84 r i ifdaincer. (h 

Wind erosion 

Growing wheat Sorghum residue 
Standing lat Standing Flat 

560 4N0 2000 2900 
1100 930 3700 5300 
1300 1 )0 4700 6900 

and si1 clay"'i It t 5,i i nd ioa n ItriIid,,A hnd noncrodihbl 
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coin, Nebraska). Although water storage and yield 
increases were small (Table 2), the stubble-mulch 
system provided protection against erosion, 

Where weed control is difficult with stubble-
mulch tillage, improved weed control can be 
achieved through use of herbicides to replace some 
tillage operations. Wicks and Smika (1973) in 
Nebraska found that no-tillage (herbicide-trcatcd l 
plots had the fewest weeds, the greatest amount 01 
soil water, the most surlacc residues, and the highest 
yield of sorghum [Sorg, bn Moenclhi.hicolor (I..) 
Sorghum grain yields were 2690 kg ha I with clean 
tillage, 2890 with stubble :Mulch, and 3160 with no-
tillage. In another study, sorghum grain yields were 
3200 kg ha-' with stubble mulch and 4580 with 
tillage-herbicide treatments (Fenster 1977). The 
tillage-herbicide treatment may be especially suited 
to Vertisols, which become very stick' when wet 
and, hence, difficult to cultivate for timely weed 
control. 

Disk tillage. I)isk-type implements bury from 30 
to 70 of surface residues during each operation, 
depending on the implement used and how it is 
operated (Fenster 1977). Disk-type implements pro-
vide good weed control, but are uselul for conserva-
tion tillage only if sufficient residues are retained on 
the soil surface. Where residue production is low and 
the potential for erosion is high, disk-type imrple-
mients should niot be used. In addition to greatly 
reducing residues left on the surface, disk irple-
ments pulverize soils and reduce surlace roughness. 
Pulverized, smooth-surfaced soils are more suscepti-
ble to erosion aind allow less water infiltration than 
residue-covered or rough-surfaced soil. 

Ridge planting. Ridge planting is a once-over 
tillage-planting operation. The planter units are 

operated on ridges made by cultivation of the pre
vious crop or after crop harvest. At planting, till
plant units remove the ridge tops with wide sweeps 
thai shove old stalks and root clumps into tie inter
row area. Seed is planted in the cleared area and 
covered with loose soil. Ridges are re-formed with 
rolling ordisk-hiller cultivators((iriffithet al. 1977). 
Although developed for mai/e (Zea ma.rs L.), the 
system is also suitable for other row crops. Conser
vation benelits result from the soil being covered 
with residues or a growing crop during most of the 
ycar. Additional riofl-control benefits occur if the 
ridges are on the contour. Ridge planting benefits 
poorly drained soils, such as Vertisols, because 
ridges are usually dricr and better aerated than fur
row bottoms or land that is managed in a flat 
condition. 

No-tillage. No-tillage (or zero tillage) has been 
widely acclaimed as a highly elk.ctive conservation 
practice. No-tillage requires no seedbed preparation
other than opening soil for seed placement, usually 
with a coulter operated in front of a planting unit 
equipped with disk or chisel openers (Mannering 
and Fester 1983). 

With no-tillage treatments, herbicides are used to 
control %reeds.Consequently, all crop residues are 
maintained on the soil surt'ce, which improves ero
sion control and enhances water conservation 
through improved infiltration and reduced evapora
tion. For no-tillagc to be effective, adequate residues 
must be available. No-tillage is not and cannot be 
expected to be effective on seriously degraded soils 
or where residue amounts are low. Where residues 
ranged from about 1500 to 2500 kg ha -'I and weeds 
were controlled with herbicides, water storage and 
crop yields were similar to those with stubble-mulch 
tillage (Wiese and Army 1958, Wiese et al. 1960). 

Table 2. Plant-avs-ilable soil-water contents at time of planting and grain yields for a long-term (1942-1969) study for
rainfed Ainter sheat on aMollisol at Bushland, Texas (from Johnson and Davis 1972). 

Cropping system Tillage niethd 

Continuous wtheat One-way disk 
Stubble mulch 

Wheait-fa Ilow One-way disk 
Stubble mulch 
)elayed stubble nulchl 

iltage dcla cd untilI. t cecds nectd control in the spring tabout 10 

Soil water Grain yield 
content (nni) (kg ha-1) 

91 580 
103 690 
128 930 
154 1060 
144 1030 

nonths after ",'heat iartscr). 
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When more residues were present, Ungerand Wiese 
(1979) obtained greater water storage and higher 
sorghum grain yields with no-tillage than with other 
treatments on the Mollisol at Bushland, Texas 
(Table 3). Higher infiltration and lower evaporation 
undoubtedly were responsible for greater water con-
servation with no-tillage. In another study at Bush-
land, Texas (Unger 1984), both water storage during 
fallow and average sorghum yields were highest with 
the no-tillage treatment (Table 3). The treatments, 
applied during fallow after wheat, had no residual 
effects on subsequent sunflower (Ihlitlutsanntrt. 
L.) or wheat yields. 

On a Mollisol (Austin series) at Temple. Texas, 
where annual precipitation is 840 im, Gcrik and 
Morrison (1984) obtained similar soil-water storage 
and grain yields of sorghum by using no- and 
conventional-tillage treatments. Hlowever, io-
tillage has greater potential for the region for several 
reasons: first, production costs are lower; second, 
sorghum can be grown on narrow rows (itpractice 
that has potential for higher yields), whereas clean 
tillage requires wider rows to permit cultivation for 
weed control. The effect on erosion was not 

reported, hut leaving %kheatresidues on the soil sur-
face and using no-tillage undoubtedly greatly 
reduced erosion on this highly erosive soil. Also on 
the same soil, wheat yields in a 3-year study with 
wide beds were not significantlv different in 2 years, 

but were significantly lower with no-tillage in a 
droughty year because of less tillering (Gerik and 
Morrison 1985). 

Jones and lBenyamini (1984) applied water with a 
rainfall simulator to the Mollisol at Bushland. 
'exas. The plots were in a cropping system of winter 
wheat-tallow-grain sorghum-fallow, with no- or 
stubble mulch-tillage used for weed control. Both 
tillage treatments resulted in similar infiltration 
rates during fallowalter wheat and for sorghum with 
fullcanopy; infiltration decreased much more 
rapidly with no-tillage during fallow after sorghum. 
However, runoff from a 110-nin] natural rainstorm 
(.June 1984) was 81 mm from no-tillage, and 85 mm 
from stubble-mulch tillage watersheds. Soil loss 
with stubble-mulch tillage was 6.56 t ha- 1, but only 
2.15 with no-tillage. Soil loss from no-tillage plots in 
fallow after wheat was 0.24 ha - ' from the storm. 

Fhe vast potential of no-tillagc practices for con
trolling erosioi by water on sloping watersheds is 
illustrated by tiledata (Table 4) for a storm in Ohio 
that had an expected recurrence frequency of over 
100 scars (I larrold and Edwards 1972). Maize was 
grown on all %katersheds. Rainfiall and slopes were 
similar for clear-tilled watershed s, hut runoff and 
soil loss %cre much less from the contour-row than 
frorm the sloping-row watershed. On the no-tillage 
watershed, rainfall was slightly lower, and about 
601 of tile runoff. However, soilwater was lost as 

Table 3. Effect of tillage 	 and on waler-use efficiency (WIJE)method oa aerage soil-water storage, on sorghun grain )ield. 
of the sorghun crop. Data front a cropping s)stern of irrigated winter ssheat, followed h)fallo", followed by dryland 
sorghum on a Mollisol at Bushland, Texas (fromn 

Years 	 I illage riethod 

1973-77 r 	 No tillage 
Swecep 
Disk 

1978-83' 	 No-tillage 
Siseep 
Disk 
Moldboard 
Rotary 

Unger and Wiese 

Water storage' 
(;) 

35 ai 
23 b 
15 c 

45 it' 
36 ab 
34 ab 
29 h 
27 h 

1979, Unger 1984). 

Srghirn grain yield WUE2 

(kg ha I) (kg m-1) 

314(0 a 0.89 a 
2500 h 0.77 b 
1930 c 0.66 c 

3341) a 
2771) h
 
2370 cd
 
25611 hc
 
2190 d
 

I. S l- ircr sloirgeduring lallo" after.hear. Based on liallor -peiiod prccipitation %tird as soil A,ater 

2. 	 (ii - iltd%Vt lortn rg iiji. lasdilon totd%%arerrise(plecipiallo plus soil ,arerextracron) (lwringthesorghur n growing season. 

\ II cropping.itreported lot1978-8s1 


during te gro
3. 	 Precipirariiii Io, ill rlrilnlenis %ki%348 tiriduiring talloim,anditi264 urnri ilig sLdiini. 

lreCipidriOn toiall nedtl meiis sas 31b 1011dmuring illio , ia 3lnld1ni during tregro rig season. 

5. 	W 1hin aiie c p rieni, iiiliiin alueshollhed h. tiresarleleteror lerrers are rio! significainl .diilercnt a ite5('lesel, based on time 

tIncaLnIntiliple-fdmrge lest 

4 
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Table 4. Effect of tillage method on water runoff and soil loss from watersheds planted to maize at Coshocton, Ohio, 
during a severe rainstorm on Jul) 5, 1969 (from Ilarrold and Edwards 1972). 

Slope 
Tillage method (C;) 

Plowed, clean-tilled, sloping ro%,s 6.6 
Plowed, clean-tilled, contour row, 5.8 
No-tillage, contour rows 20,7 

loss with no-tillage was much lower than that from 
the clean-tilled watersheds (whether cultivated on a 
contour or sloping row) even though the slope was 
much steeper oi tileno-tillage watershed. 

No-tillage is also highly effective for controlling 
wind erosiot, as illustrated by the data in Table 5for 
a sandy soil. Undoubtedly, losses from a Vertisol 
would be different, hut wind erosion does occur ont 
bare, smooth, unprotected Vertisols, and surface 
residues would reduce %kind erosion and protect 
crops. 

Paraplow tillage. The paraplow is an implement 
that retains most crop resid ties on the soil surface. In 
Iowa, surface residues after planting averaged 75 'j 
with the paraplow. k3r; with no-tillage, and 121 
with moldboard plowing (Erbach et al. 1984). Soil-
water contents were similar, hut mai/e yields were 
5.6 t ha- with moldboard plowing, as compared 
with 4.4 with no-tillage and 4.9 t ha I with tilepara-

Table 5. Effect of tillage s)stem and surface residues of 
maize stalks on soil loss 1)wind erosion from land in Ohio 
(from Woodruff 1972). 

Surface 
residue 

of ttai/e Soil loss 
Tillage method (t la-,) (t hia ) 

Experiment I 
Fall plow 0.28 26.1 
Spring plow 0.12 8.5 
No-tillage 5.60 1.2 

Experiment 11 
PlowA, normal residues 0.14 3.5 
Disk, normal residues 0.54 5.1 
Disk, double residues 1.76 0.8 
No-illage, residues remoed 0 3.0 
No-tillage, normal residues 1.82 0.6 
No-tillage. double residues 2.85 0.5 

Rainfall Runoff Soil loss 
m(m) frm) (I haI- ) 

140 112 50.7 
140 58 7.2 
129 64 0.17 

plow tLieatnents. In England (1)avieset al. 1982)and 
the United States(personal communication, John F. 
Dougherty, Hloward Rotovator Co., Inc., Muscoda, 
Wisconsin), runoff was lower with the paraplow 
than with no-tillage or plowing treatments. Reduc
ing runoff reduces the potential for erosion. From 
the limited data available, it appears that paraplow
ing has potential for conserving soil and water on 
dense, high-clay soils, such as Vertisols, by main
taMiing surface residues and favorable infiltration 
rates. 

('lean Tillage 

When conservation tillage is not used, either by 
choice or hecausc of inadequate crop residues, then 
other practices must be relied upon to conserve 
resources. Wind erosion on clean-tilled Vertisols can 
usually be controlled by any tillage that produces,n 
adequately rough, cloddv surface. Secondary opera
tions (disking, leveling, smoothing, etc.) and weath
ering (rainfall, drying, etc.) may decrease surface 
ridges and cloddiness to the point that they no longer 
afford protection against the wind. Unless soil is 
pulveriied, any operation to ridge it or increase its 

surface cloddiness usually is adequate as an emer
gency measure to control wind erosion on a,Vertisol. 

T-o control water erosion ontVertisols where clean 
tillage is used, infiltration should be increased or 

water should be conveyed off the land at nonerosive 
velocities. To achieve this, soil ridging or roughening 
tillage is often used in conjunction with graded fur
rows, contouring, furrow diking, terracing, or other 

practices. 
The influence itf tillage per si' on runoff and, 

consequently, on water erosion is related to tilesta
bility of surface soil aggregates and to the roughness, 
surface-retention storage, and pore space that result 
from tillage with different implements. To maintain 
high infiltration rates, water-stable surface aggre
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gates are desirable. These normally result from until 12 to 24 hours before planting. Consequentl 
maintaining organic matCerials at or near the soil tihe soil remains resid tie-covered for a major part 
surface. ILow-stability soils are readily dispersed by tie erosion period. Planting may be in tractor 
sater, which causes surlace sealing and increases planter wheel tracks ((iriffith et al. 1977). Variatioi 

runolt and erosion. of this system are disking and planting; fall chiselin 
When precipitation rIates excced infiltration -;ates. then diskitg, cultiating, or rotary tilling befo 

temporary surface storage 1 water l can reduce planting: or rotary tillage (strip or full width) ar 
runoll and aid in controlling erosion. Ridge-horining planting (Griffith et a.l. 1977). 
tillage oin the contour is a pro\ei cunsetl\ttion Ipic
tice ()ickson et il. 19-10. I'isher and Hirnett 1953. 
IHarrol and Ed\ards 1972). Runoll %%asalsoelili- Support Practices 
nated h% Ituro\\ di kingliO gCntl\ sloping land. and 
all \ater front a 114-nm rainstorin during a 24-hour iv using cotiservation tillage methlds, especial 
period was retained ol tile loillisol at illshland. nio-tillage. lands that are otherwise highly sLscept 
Texas (Clark and Jones 1.1 ble to erosion can be safely cropped in nitIn ,Cast 

Ill addition to lister tillage, iliplelientis such as because of the protection afforded by sur am 
noldboard plows. S\cep plo\%,, disks, chisels. residues. Oither lands, ho\,ever, are highly suscept 
rotary tillers. cItl[iaItors. aid sO ill illtct soil ptore ble to erosion \M ien clean-tillage methods are use 
space aid SutIC rfactoughness aind, threlore. rtitoll arild, therefore, require additional support practict 
arid erosion. llur\ell ci al. Il%6)c\alWIIted ttct s ot to conser\e soil and \,alr. In this section, \ediscu! 
porosity and roughness tesulting Iront tillage t practices that can be used ftr that pirpose. lor thl 
infiltration Of simulated rLiinlall Ifable (). lt the report, support practices ire engineering-type prat 
plo\ treatitient. itiunl started il ;lifie[liuntiili\C rices and cultural practices (other than tillage) tih. 
infiltratiotn approached tooss-Iayer aid water resturces.total pore space iii colnser\ ing soil aind 
and stIrfaCe-rteCrttHot \0oliunCs ald cCeCdCd those 

hinltitites before 25 min Of itrnoll icctirred. lol the 
other treatments. though 51)tIrl l ti t ocur rCIIIed. Conoutring 
StligC soltIiIes \%Cee it 1tilled. SiOt1theCr StIrI'ieeS 

\ilth treatments otlier than pltming appareiitl\ Contouring in olves performing tillage and culturn 
resulted iii ritte rapid soil dispersion arid surlace operations so that elevatitis along rows are as levi 
sealing. ss ich reduced nlillatiti. as practical. When lister tillage or ridge planting i 

One practice that iniolses clean tillage, hut i Iuch done oil the contour. the potential for erosion b 
has cotnsidcraible potential hot cotirolling erosion, is surlace water flo% is greatly decreased (Stewart eta 
the plok-platr s\stCm hor is rich phiss trig is delayed 1975). (ontouring pro\ ides almtiost complete protec 

Table 6. Iffect of tillage-induced pho"-l 1cr imttsit) anid surface rotuglhnness oil cumulative infiltration of simnulate 
rainfall (front Bur"ell et al. 1966). 

Ptletiral s+,ier storage 
' ohinne 0111t (titide to (_'iniulalh e Infiltration (riln ) to 

Po re Init ial 25-in ni 50-ni ni 
'lillage method' spae., Rtowneiess rlunoll runioll runoff 

No-tillage 8I 8 9 21 24 
Plow 137 5I 171 217 230 

)lotk disk-harrow 124 25 53 73 84 
(ultimilaion 97 29 57 83 91 
Rooation I17 15 24 38 41 

1. Plth) ng and otnlaing peir lneriid h ) I 15-cll depth. eu1tt%,aitingt) il 7.5-C4 d thI untitled0,Ut% 
2. misurtl h) tilnlage dcptlh 
3. Water applied ati lalateutl 127 mm 1 
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tion against erosion from low to moderate intensity 
storms, but little or none against intense storms that 
overtop and break the contoured ridges. In such 
cases, water conservation is also reduced. However, 
with lesser storms and proper use, contouring pro-
motes uniform wkaler storage on the entire field. 
With lister tillage, each ridge ser.es as a ininiature 
level terrace and. thus, holds watcr theon land. 
Contouring has no direct vahlute o controlling wind 
erosion unless the ridges increase surlace roughness 
perpendicular it the wind directiotn. 

Stripcropping 

Stripcropping reduces water and wind erosion. I1o 
reduce water erosion, it is useful to allernatle protec-
tive and cropped strips, usually Of e.'qual width, and 
more effeeixe to plant sod aind ,,inter srlrl girais 
than spring grain crops. Soil croded from cropped 
areas is thienl trapped iil ti protccti\c strip. Strip-
croppingt ed ices. sil ls,., trotn a fi. but ti, nrot 
preent to\t+.rrntlt skthin a field Wiscicitterr ild 
Stmtih 1978). 

In tie Inited States, strifpicoppu is \sidcl\ used 
for \kinld erosIonl control \sitit the alt.rnitiorn of 
fa1.fos arid cropped areus perpendicular topr.'ai-
ingk rds,. On falfos areas,, idues from mall grNi) 
crops prlr\ide sortie protectionr aginst silrid er-rsijn 
by reducing licId length iI lte dirfection of pieallitg 
wkinds. It Other arca,. iarro, strilps mf tall plati, 

eonic 
sersed %atcr (IIlack and Siddossay 1971. lagctn ct 
a1. 1972). 

base. giestl s cttrol of %kinlderiosiit aid corn-

% Fill Cut 

'" 

Terraces 

Terraces are constructed across tile slope to conduct 
runoffrom lieds at nonerisie v'elocities. lheyalso 
retain %iater on fields until inliltration occurs, thus 
making more asailabh. to plants Ic.rracesareIssatr 
generally combined %%itlh satcrksav, oNr underground 
outlets that safly\ disp), Sc.\ccss %sater (ASAIE 
198 I). Ih ie llecti\cness of letrlaces for conserving 
soil and \iatcr can h' enharced by siitc conlpleell
tar practic', as contorintg., stripciropping, diking, 

and collsers lolln tillag. 
I rrac s. ate if icad b\. aliimtinin, cross section, 

grade. and outlet. Icrlace alignilicnt is parallel or 

nonparallel. lParillcl tcrraces requirc more soil 
llliolllflnt during orstirurion bitt are easier to 
farii ith 'rianic/d etipumrrr.nl ntnpiarallel terrai- n 
ce,s a ,t result iii odd-shaped areastlhal arc difficult 
to faill. 

I.rrIc_"e colrirnoils used on gcntle slopes have 
broad hases. ,,hich permit crops to he giossit\ anid 
llichit.' \ to h. operated oetr rile entire tcrriace. On 
nar tir -hr-ase teres. ridLes should hoi sec hd toe 
perumanent \egeti.rion. o)n step)-hackslop, terraces, 
backsfrpes should he \ .e td. Ridgelcs channel 
tellaces caill hie uisctolit )licll Ib , Lor t i slopittg 
fields. Stil .Cca\atcd from Chainnels is used to 
ilrootfi the intctcrlace ritersals. 
\aa.\irtii i ~tmte iceterntironl tin clop tise is 

ohtained \ itll hench or cons wti, n hnch t.eirraces 
(Ilig. I) \inch require land lc\cling. With htch 
teriaccs. the entire tcrriace tters af is le\ild and 
ssatcr is reta tcufd oir tile bench ifh perniatettly 
%.getated ridges. Wil couscr, atitt betinch terraces. 

Bench Contributing area 

Hlorizontail distance 

Figure I. Scliertilic diagram of a conservalion Iench terrace systemi (front Hlauser 1968). 
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on the other hand, only a portion of the interterrace protect field areas against runoff from unterraced 
interval is leveled, usually the lower one-third or areas, to divert water out of active gullies, and to 
one-half; thus, costs for construction are less than protect farm improvements. Diversions are often 
for bench terrac:es. Bench, conservation ech, and used to prevent outside runoff from entering ter
minibench terraces (Fig. 2)are effective for reducing raced fields. 
erosion and increasing crop yields on slowly perniea
ble soils in semi-arid climates. Minibench terraces 
are only one- or two-equipment widths wide ( Ilauser Graded Furrows 
1968, Jones 1981). 

In contrast to contour furrows, which minimize 
ruLnIMff and erosion, graded furrows convey runoff 

.----- waier from fields at nonerosive velocities. Each fur5 reters-DOI 
row funictions as atsmall graded terrace. Although 
designed to remove excess water, graded furrows 
also conserve water. Runoff was 187 mm fromLevel Level graded-furrow, and 236 mm from terraced 

Minibench watersheds during a 32-month period at Temple, 
lexas (Richardson 1973). Runoff was less with 
graded furrows because the excess water was more 
uniformly distributed over the entire field, which 

~- 9 metesISprovided more time and area for infiltration. 
Furrow Dikes 

irro" dikes (tied ridges) can effectively conserveConser'vation iibench water by retaining potential runoff on field areas 

Figure 2. Schematic diagram of minibench and con-	 until it infiltrates. With this practice, small earthen 
servation minibench terraces (from Jones 1981). 	 dams are constructed between cropped ridges that 

are formed with a lister (bedder). The dikes are built 
across the furrow at intervals of I 4 In, depending on 

Graded terraces slope to%%ard the outlet and ire slope and available equipment. With furrow dikes, 
constructed to reduce field slope length and water sorghum yield increased 1550 kg ha- J at Etter, 
flow velocities, Mhich also reduces erosion. lihe Texas, in 19A, but averaged only a 230 kg ha- t 

grade totheoutlet may heuLiniforilior variable. l\el increase at Bushland. Texas, from 1975 to 1979 
terraces are built in low-rainfall areas to consci ee (Clark and Jones 1981). The soils were similarat the 
water and to control erosion. Channel ends arc often t\%o locations, but the distribution of rainfall was 
blocked to retain runoff on the field. different. 

Terrace outlets are classified as (a) blocked, %%here 
surface water is retained ii the terrace channel: b) 
grassed waterway, where water is drained into \ege- Drainage 
tated waterways; or (c) underground outlet, Mhere 
water is removed from terrace channels bhan under- The emphasis inltie foregoing sections has been on 
ground pipe. The latter outlets aid in erosion control soil and %%aterconservation, but too much watercan 
and remove less land from production. Combina- also be detrimental to crop production due to flood
tions of the various outlet systems may be used. ing and poor drainage. Where drainage isnecessary, 

water must be conseyed from the field at nonerosive 
velocities. 

Diversions For fields with nonuniform slopes, rows should 
drain into low areas or waterways within a field to 

Diversion terraces are individually designed chan- improve overall drainage. If low areas are not con
nels and ridges across tile slope, which are used to nected, drainage can be improved by connecting the 
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areas with ditches that discharge into established 
waterways, into low areas in the field, or into a pond. 
Minor low areas can be filled by smoothing the 
surface, thus improving drainage in the field, 

For nearly level fields, drainage has been 

improved by using systems of beds aind nrot\s 
(Kranti et al. 1978, El-SNsaifv ct al. 1985). wkhich 
provide drainage of the seed lone and result in 
slightly higher yields, for examplc 28)0 kg ha I of 
maie on 150-cm broad beds compared to 26911 o 
flat (Krant et al. 1978). Plantingon beds to impfrove 
drainage was also recommended by lvrad ield (1969) 
for an intensi\e cropping system under high-rainlall 
conditions iii the Philippines. 

Time if Tillage and Planting 

Vertisols are difficult to till, both s,.hen too \wet and 
too dry. Consequentlv. timing of cultural Operations 
is critical to assure law(rable soil condi-ions at plant-
ing time. Some management option,, %sitlirespect to 
increasing production on \'ertisols \%erc discussed 
by El-Svsaify et al. ( 1985). A major benefit results 
frot performing prirnary tillage before the soil 
becomes too dry (iimmediatel,, after hiarsCst of the 
postrain .y-scasoi crop). With carlv soil preparation. 
a rain'-season and i postrairiv-scason crop could be 
grovn. prosided climatic conditions arc la orahlc. 
Where drainage is poor, the raivny-season crop ma\ 
need to be dry planted on raised beds. Mhich results 
in the crop being started as soon as sufficient rainftll 
occurs. Planting after rains is difficult in \ket, sticks 
soils. Raised beds permit better crop gross th il 
poorly drained soils during the rain scasot. and 

they permit earlier establishmeiit of tile postraiiy-
season crop because beds dry laster than noibedded 
soils. Earlier establishment of the postriHny-season 
crop in itself could increase yields. because crops 
would use nore of the rainfall rather than depending 
solely on stored soil ,,atcr,. 

Planting ,Method 

Rtos crops (cotton, inai/e, sorghtini, sunflosscr. etc.) 
aire coniniirlnv planled \itli tunit planters i ro\ss 50 
to IO0o1cipiil; this spaciiigallo\s interro\ ctiltiva-
tion during the gro,,rig season. In(drier clitnates. a 
sss eep or lister may be operaled ii front of the unit 
planter to kill ssecds aind sliose aside drs soil. thus 
allowing placeinemit of seed ii noist soil. In %ketter 

climates, a well-drained seedbed can be obtained by 
placing seed in the top of a ridge that was forrmed 
withia lister during seedbed preparation. Drills used 
for seeding small grains can also be used to seed row 
crops hy plugging unneeded spouts to achieve the 

desired ros, spacing (.Jones aind .1ohnson 1983), 
Iw%%obasic types of drills, disk and hoe, are used to 

so%% small grains. I)isk drills. wkith single- or double
disk openers, are used for seeding on smooth, wtll
prepared seedbed,. that ha\e flas rable sseater 

contents near the surlace. Iligh-clearaince deep
furrow hoe drills are adapted to seeding in drier soils 
and ill crop residues, but both types ol drills can sow 
through crop residues it coulters are mounted in 
front of the disks or hoes. I)rill-ro%%spacings vary 
from 20 to 35 cii. Ihe narro%,-row spacings are 
,:ononlv used in higher rainflall areas (Jones and 
.1ohnson 1983). \When seeds are sown deeper than 
about 4 cm. poor emergence has been observed for 
some of the ness short-stemmed crops, such as 
ssheat. Proper planting increases tile need for timely 
and tnilorm plant establishment, thus decreasing 
the potential lor rephanting, increasing the potential 
for more efficient use of water resources, and 
decreasing the potential for erosion. 
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1SA. 

Discussion 

tlawrando: Under or-tillage. htk do yoil control 
insects and diseatses in [exas conditions? 

Uinger: At our location %here %%e ha\e it cold wilter. 
hllt ericoUirered 

ease probleis %%ith ro (/erol-tillage tnn \%itli con
\cnti al, tillagc methods. Ilo\e.er. I rcali/e there 
could be greiater probleis no-rilltge 

%%,e riot itni greater insect or dis

rith under 
other conditions or errs.ronlmenrtS. 

Saunders: I lie ro-till} stem certriill\ seelnis attrac
tise from \ilt pirserted. IItis, eer, itshat ttase 

seC1s that tflls'sstcrl cin calrse it brridup Ol certain 
soilborne diseases, e.g...Sh'r,ttom ro/fl.si, particu
larly in more lniid ens ironmr nts. )o .youlitve atry 
informatiorr on this factor'? 

Inger: There hasc been repolrts ridiCatingai buildup 
of diseases under certain conditions. limrver, our 
environment is rclatiscly dry, and %\e hase not had it 
problem with either pests or diseases. 

Sharma: We noticed that turning in of sorgitun and 
pearl millet residues causes serious problems of 
Sch,rotium rou/faii to the succeeding crop of pigeon
pea at ICRISAI Center. 

Hong: Under no-tillage, soil and ssater cai be better 
conserved. But, I think, i a low-fertility soil atleast, 
fertili/er should be well mixed with soils. Tillage 
seens to be needed to mix the fertili,er well with the 
soil. Where soil fertility is high, this aspect may not 

be important. But in soils with low fertility, this 
aspect should receive due attention. 

IUnger: Our soils do not require added phosphorus, 
but we do apply nitrogenifertili/er by chiseling anhyw
drous aniiiniut into the soil at some lte i) the 
cropping sequence, usually at tlie time that we doi a 
limited aniount of tillage to reestablish the beds and 
firrows inpreparation lor tihe irrigated crop. "This 
Wotld he tie case where we use tie cropping 

sequence of irrigated %%'beat, follhiwed by fallow, dryland grain sorghum, and fallow. 
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Adoption of Improved Vertisol Management Technology 
in Karnataka State, India: A Case Study 

T.V. Sampathi 

Abstract 

The traditional technology for crop production in the Vertisol tract of Karnataka, with a mean 
annual rainfall of 620 min, is now barely able to meet the needs of a continually increasing
population. Rainfaill unreliahility has led to the development of traditional farming systems in which 
the emphasis on stability does not allow flexibility, lr improved productivity. 

Recent advances in technology, through adoption of ICRISA T's improved systems of land 
management and crop production. have increased yields in operational research blocks during
1982 83 and overa much largerarea of277haduring 1983 84. This has led to their wider acceptance 
anong lartners in this tract. During 1984 85, 961 ha in nine districts (31 locations) vere brought 
underthis advanced technology. 71e technology influenced not on/v the tl'Irme;sinvolved within the 
watersheds but also those outside. The primary need ofboth sets of farmers was the adoption of land 
management and cropping systenms: both measures met %,"h a fair degree of success. 

A t itolofd to threetiod increase in productivitv was obtained by adopting the new technology: this 
process was assistedhy scientists from ICR ISA T and the University ot'AgriculturalSciences (UAS),
Karnataka. ICR ISA T1 inputs emphasized anal'sisofcrop phenological stages, characterization of 
moistureavaikbilitv andperiod.-; otmoisturedeliciencies, and introduction ofappropriate crops and 
varieties in reh or sequential cropping systems. Croppilgsystems were chosen on the basis of 
optimum solving times, so that a crop would not encounter severe water stress during its growth.
Introduction of innorationssuch as impro ved implements for land management, fertilizers,and seed 
placement herc given priority. 

Resume 

Adoption de la technologie aindliorie de la gestion des Vertisols dans I'Etat de Karnataka en 
Inde-une itude de cas: La technologie traditionnclle utilisbe pour la production alimentaire dans 
les rigions de Vertisols do Karnataka (pluvioinmtrie annuelle movenne : 620 nun) peut h peine
satisfaire les besoins d 'unepopulation en augmentation continue. La pluvionubtrieal6atoirea oblige
les cultivateurs d'adopter des pratiques qui mettent ]'accent sur ]a stabilit6 des rendements sans 
pernettre / I'nnliorationde /a productivit6. 

De percbes rcentesdans la technologie, grice ; I applicationdes systimes de production amelio
rbs mis au point par I'ICRISA T t.,,u multipli6 des rendements au niveau operationnel de recherche 
au cours de 1982, 83 et stir one superficie plus grande de 277 ha ao cours de 1983/84. Cc rbsultata 
entraitu une plus large acceptation parmi les paysans dans cette t gion. En 1984,'85, cette technolo
gie avancee a t6 adopt&e sur961 ha dans neufdistricts(31 emplacements) de l'Etat. La technologic a 
cu on impact positifsur les pavsans &:sposant des hassins versants aussi hien que ceux quin 'enont 

1. Director of Agricnluire, (ioscrnmrnt of Karnataka, Seshadri Road, Ilangalore 56 001, Karnataka, India. 

ICRISA 1 (International Crops Research Institute for the Semi-Arid Tropics). 1989. Management of Vertisols for improved agricultural
production: proceedings of an I."SRAM Inaugural Workshop, 18-22 February 1985, ICRISAT Center, India. Patancheru, A.P. 502 324, 
India: ICRISAT 
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pas. Les deux lOnlents de la technologie -t gestion do sol et les ."stiutes cultutrau.\x - ont cte 
adopt~s avc un certain degtnr t, stjccs par les deuxe groupesde cultivateurs. 

La productivit a aknmente (/ei oi trois lis grace .D cette technolWie. Cette expe'rinentat ion en 
milieu reel a 't assiste parh's chercheursdeI'l("R ISA Tet de II tuiverMt9 tes sciences a,'rieoltsdo 
Karnataka. Les cotnposantcs des intiants soiulhnes par I'ICRISA I"consistalent ei I'analtse (es
stades phranologitlqesde Iap/ante. Ia caract~risa ti de la dispwmihilitt en hlitfl et des fu0i ides de 
stress hydrique ainsi qtte I'introdiuction (ies eultutres et ;arietls approlrices dans les s'vstintcs 
se(qoentiel oil de re/a le. .esistees de Cltores ont rt ehoisis et 1inetin des (fates de .senti 
optinale.MS ain)L ne rt\ni t'i 1tetliss cehapperal stress hydriqoe seVite p~tedant .%aCroissance.La 
iririto (it accordte' ;el'ittroductiondes e'lments eonmne des outils ;iottelit;spour Ia gestiott d 

sol. tes en!yrais ct Ces iratittiues de eMis. 

Introduction 

'Ihe total area under culti\ation in the State of Kar-
nataka is 10.3 million ha, and 8.2 million ha ot this is 
dr"'land. much of it without an\ prospect of ilriga-
tiin. t-ort\ percent of tile drilanid area is Coered 
%\ithdeep. tmediul. and sliallo\ black soiils. MIch 
mre mialill\ \ertisols and associated soils, 

.\lthough these soils ale silt] to be priidiictiC, 
there al\as s is a risk tif croipaIiliie due primaril, t) 
clilltic facltils. I lic tlopical cliiite \\ith its high 
illcidellce Of sola rliaditioll, high tClpetillUles. lild 
unreliable rainfall \sith spells of (1r01iht anld flood 
determines aigriculturc inl most f the \ertisol trat s 
of Kirnataka. 

I his tract lreccl\es i ieall iiiiial lainfall of 020 

ptiniitive implements used, and the weak draft arim;,is used to pull them, make timely soil-tillage opera

tions difficult. I he soils comllmonly have a low 
ihd raulic conducti\ its ill tile subsoil, thus resulting 
in si\aterlogging and erosion during short spells of 
high-intensit.\ rainfall, Finmli. ftertilier inputs are 
ineeded to correct serious deficiencies of nitrogen, 
phosphorts, and inc. 

IIlie majiir crips grown in Vertisol areas are 
sorlghui. lltl hean (greengram). pigeonpea, chil
lies. and cotlto. I raditiouial systems of land man
agement andl crop pridtiction gi\se oly a low 
prOdiictisitv; aserage yields (kg ha n) are 88O for 
cereals, 400 for pulses, and 47ff for oilseeds. 

Such a level of priducti\ity is barely sulficient to 
liect the food requirei1eitsiof the populatioln in 

mm. ranging Ironi 47f m11 illspai it (ihitr lmdmirrathese arecas. I i.re are scieral problenis related to 
to 785 mi in I)lmar\afd ilid Ielgaunl districts. Rin-
fall diiriing the longest t ut tihe iils scioll,i.tlv 
to August, is urcliabl. Aid solr,_ 5(011 is receied 
during the nonths of Septeniber-Ociilher; this rain-
fall is comnonfy of \crv high intelisit. resulting in 
\cry high runiolf. Rainfill unrelia biityIt uring tile 
first part of the rains seasoim oftenldetcrs larimers 
fIrom itttemptig rain:-seaison crops. I tic high mois-
lure retention capacity of Vertisols, hm \oiicer, and 
the concentration of rainlall tos\ards the enid of tile 
rainy seasnl, hase led to the fariiers' traditional 
practice of generally grossing crops ill tie postraulny 
season, using noistuire stired in these soils. 

Ihe most seriois priibleiis iof these mncdiuin-lti-

deep, c;alcreouslL,, stnectitic soils is a hi\ infiltratiin 
raile, which causes hiss of \ er from high-intensity 
rans is ru1off al thus reduces the amouit of niiiis-
ture stoired in tile siiil. Other problenis ;re related to 
the Vertisols'clas' content: these soils can be difficult 
to cultivate because they are extremely sticky sshen 
wet andilhard when dry. The heavy soil texture, the 

soil moisture, such as the fact that crops are gener
all\ grown under receding moistmre conditions; soils 
descopcracksahout6 weeksafter the last rains. lie 
raiill pattern limits the flexibility of aierage 
farmers to improse productivity throug their tradi
tional Iarming Systenis. [he itrmers' operations 
hase insulfficicit potential for productivitv increases 
to support their requests for credit, particularly of 
the small and marginal 'l-rniiers w1ho constitute tine 
majority of the farming conimunity in this area; tile 
\ cious circle has long retnained unbroken, and 
farners in these areas have remained tile most neg
lected unit of economic strata. 

Major coiistiaints to increiasing tie productivity 
in 	 these ilealS include: 

I .	 scants' and variable distribution of rainfall; 
2. 	 lack of readily available, location-specific, 

ittproved technologies for extension personnel 
to recomnlend strongly to lte farming 
cotmmunity; 
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3. 	farmers' lack of confidence in improved seeds, 
fertilizer application, and plant-protection mea
sures; and 

4. 	 low economic status of farmers because of the 
low level of land- and crop-management practi-
ces used. 

Breakthrough in Vertisol Manage-

ment in Karnataka 

Recent advances in technology--as a result of 
research by sLientistsat ICRISAT, the Indian Coun-
cil of Agricultural Research (ICAR), and UAS, 
Bangalore - have brought new hope to farmers in 
these areas. Improved cropping systems playa dom-
;nant role in the technology and have increased 
yields twofold to threefold. These systems generally 
focus on the most efficient use ofavailable rainwater 
for crop growth. Improved land and water manage-
ment, in addition to appropriate cropping systems 
development, is now perceived to he critical in min
imizing th .Jestabilizing effect of adverse seasonal 
conditions. )ry soells during the main cropping 
season, through the failure of rain, determine the 
success or failure of the crop. [he incidence oidry 
spells recorded during the past 30 years (1944 1974) 
is presented in Table I, emphasizing the likelihood 
of moisture deficits for crops grownduring the rainy 
season. 

For growing crops during t lie postrainy season, IL 

is essential that moisture be conserved in the profile 
during the rainy season. Therefore. the main cnpha-
sis in technology development for Karnataka has 
been on soil-moisture conservation techniques and 
on suitable crop varieties for minimizing risk. In 
addition, we urge that farmers invest in seeds of 
high-yielding varieties and in recommended doses of 
fertilizer to obtain significant increases in yield 
levels. 

Improved Management of Vertisols 

The dryland agricultural production technology, 
evolved by ICRISAT, was initially introduced in 
Karnataka on a pilot basis during 1982/83, over a 
small area of 16 ha at Farhatabad village in Gul
barga District, and over 8 ha at Andura village in 
Bidar District. Assistance, training, and supervision 
was provided by ICRISAT scientists. 

Results indicate that sorghum, groundnut, maize, 
and sesame intercropped with pigeonpea or mung 
bean, followed by postrainy-season sorghum or saf
flower, gave excellent results, despite moisture defic
its and dry spells. Experience from this first 
operational research project at Farhatabad and 
Andura instilled confidence in the staff of the State 
Department of \griculture to expand the activity 
further during 1983 84. We planned to cover 500 ha 
in six districts (Gulbarga, Bidar, Dharwad, 1iellary, 
Raichur, and flelgaum), and we succeeded in cover
ing 277 ha in five districts. 

Components Adopted 

The main components of the improved technology 
adopted in these districts included the following: 

Land development on watersheds. Using the 
expert advice of scientists, farmers were taken into 
confidence through various extension methods. 
Land was smoothed, undulations were removed, 
waterways were provided, land was laid on 
broadbeds and furrows, and provision was made for 
rainfall recycling systems in the holdings of farmers 
within the watershed. 

Evolution of suitable cropping systems. Afterana
ly ing te rainfall data over 30 years, a rainfall prob
ability chart was prepared for each location. Based 

Table I. Incidence oif dry spells during the main cropping season (May to August) in selected locations inKarnataka in a 
30-year period (1944-1974). 

Nature of dry spell 

More than 15 days, once a year 

More than 15 days, twice a year 

More than 30 days, once a year 

Frcquency of incidence (I i of years) 

Bangalore Kolar Iu kur Chitradurga 

19 27 18 18 

4 17 4 3 

4 II 4 10 
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on the total moisture availability and the water-
holding capacity of the soil, cropping systers that 
allowed crops to be successfully grown with least 
risk w'_'re selected. Since moisture is the primary 
limiting lactor, it \%as essential to hasc a proper 
choice of crops and varieties to suit each district, 
keeping in view differences in the amount of rainfall 
and moisture-holding capacities of the soils, l)ilffc-
ent crop phenological stages were analyed and 
identified to arrive at typical moisture aviilability 
and periods of moisture deficiencies. Crops and \ir-
ieties were identified, and their optinium so\ing 
times were determined so that plants would riot 
encounter severe water deficits. Care w; , -ker no 
design intercropping, relay cropping, or sequential 
systems to provide lor the various conbinations of 
moisture aviailablc from precipitation. 

Design of land management syslems. Ic practice 
of earl\ Iaind preparation, by plus'trig imnmediatelv 
after the preiuscrop andikigadvarntage of early 
showers aid premorisooi rilrr ft raising a railV-
season lcrop. \'.;Is lo\kCd. 

Introduction of inliroed implements. Improsed 
implements (sucih as the I ropiculttor) \sere used to 
facilitate land preparation, reduce strain orr the 
aninals. and iniprove co.iseroainior arid neintion of 
soil nmoisture. Appropriate tools and rnachirerv 
\%ere used to place seed and lertili/er it the prpen 
depth for elfecmire plant population cl ril and gel-
iniiatini. Appropliale plant prlotctin cqIuipiriilt 

was also used. 

Dry seeding of crops. lIc selected crop was 
planted before the rainy scisrui to ensure moisture 
a;;ailabilit, for crop groumih. (11, horweser, rainfall 
analysis indicated uncertainty of the initial rains, sye 
advocatcd planting only after the rains ariived). 

Fertilizer. Ar adequate aniounit of fttili/ir was 
applied, based urporri soil cliCirial ainal$'sis, tire 
crop's requirement anid the a\ailability of roirsture. 
We inproved tire orgarirc-rattten content of the soil 
to increase both fertility status aLidinllstrunc-holdinrg 

ca pacity. 


Moisture conservationi systems. Crops were hoed, 

to nmiinilni/e sunrf;icC cracks aind to break capillaries 

for Moisture conrservation. Weeds were removed to 

reduce competition for moisture and available 

nutrients, 


Plant protection. Timely and need-based plant 
protection systens were adopted. Farmers were 
trained to identify pests and to adopt suitable recoin
mendations lor appropriate plant-protection 
measures. 

Training/educalion. [-ormal training programs 
\kcre pro, ided to in-service personnel, at ICRISAT 
(enter lor subject-matter specialists and at our 
I raining Ccntre for lield-lccl staff. [armrirs in tire 
area \scrc trained about all stages of tire technology, 
frorn hiarest of tire previous clop to harvesting of 
tile res, l, introduccd crops. 

(redit. [iiarial assistance wis arranged through 
local cooperatisc credit societies and agricultural 
dese loprent banks. I his credit \%as used to invest in 
inputs and iand prcparation and to support produc
tion acti ities. 

,Mlarketinrg. lar ket suppoirt filrough effective 
rillketirg svsterns \\as prosicd to farmers so they 
Ilight derse illa \ulluii benefit frfl) tie investrilents 

Inade. 

Ie,,ieis and evaluation. Alr hrarcs. %%cdis
ctissed all details of tire pl\onus, sear wkith the 
farillers so thant thcv %k ild be errcotitaped to Col
inte toiuse the techilrloLic,il inioatius. "l esc 

discussioIs also pIstie.d Icedback for further 
iccroniendationS to otht lat.rins in that area for 
sustaiining adoption. 

The 1984/85 Program 

Motisated b s during 1983.Success 84. \e unrdertiok 
advance planning to expand the svstin1 front those 
277 ha to at leasi 1)00 tia in nine districts ( Hellary, 

hIidar, ('hikiagalur. Chitradurga, l)iar vad, GIul
barga, lassan, MNvsrrc, aind Raichur) in tire next 
year. We Succeeded if) coscrirng96hI ia (Table 2). The 
results aire quite crclururiging. lie maior contribu
tioris iOi this advinced tecnlrlgy can be sumniar
,ed is hullhrs s. 

tlvbrid sorghurm ((.S11 5) cultiatiir%was intro
duced lot tire first litile ii this area during the rainy 
season; fariers hlrsested is miuchis 2100 kg hla-I of 
cereals aind 46( kg ha iol pigeonpea, despite dry 
spells during 1983 84. Iris cormpared to their best 
yield ofl910 kg olcereals in ainyyear using traditional 
varieties. tligh-yielding varieties of pigeonpea (1'
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Table 2. Vertisols brought under ICRISAT technology in 
Karnataka during 1984/1985. 

Number of1 Area 
District testing centers (ha) 

Belgaum 4 30 
Bellary 2 22 
Bidar 5 220 
Bijapur 3 50 
Chikkmagalur I 10 
Chitradurga I 10 
Dharwad 9 182 
Gulbarga 4 410 
Raichur 2 27 

Total area 961 

221, HYD-3C, TTI3-7, ICI. 87) caught the imagi-
nation of the farmers involved. Not only did farmers 
fully adopt the watershed concept. but also they 
influenced farmers outside the watershed to adopt 
these varieties. Farmers in villages near the 
watersheds have realized that they can expect to 
harvest a grain yield ol at least 1500 kg ha Ieven in 
the worst drought year, il only good land-
management practices arc followed and appropriate 
varieties are used. U1, of improved agricultural 
implements for seed and fertilizer placement has 
become popular. Recommended doses of fertilicr 
under rainfed conditions are being applied to rainfed 
crops. Farmers basc been able to cvolse local 
methods and implements to meet the technological 
recommendations for land- and crop-managemcnt 
systems, both for Moisture conservation and eflec
tive moisture use. Personnel from the credit banks 
have recognized the potential of this new technology 
on dryland farming as a bankable proposition, 
because the system has the intrinsic potential for 
minimum guaranteed returns, 

The S-W-O-T Approach 

We use our S-W-o-T analysis (Strengths-
Weaknesses-Opportunities-Threats) to assist in for-
mulating our extension approaches. 

Strengths 

1.The system can improve the economic conditions 

of the farming community by increasing yields
twofold to threefold.

2. 	For every rupee spent, there is an assured return 

of Rs.2.00-5.50, depending upon the soil fertility 
and moisture-conservation system adopted and 

the rainfall. 
3. 	The system improves tilehealth of the soil by 

increasing its organic-matter and nutrient status. 
4. 	 Production of both cereals and pulses enables a 

better-balanced diet for the population at the 
village level. 

Weaknesses 

1.Dry seeding is not always successful. 
2. 	The system requires heavy investment from an 

external source in the initial stage; there is a 
demand for credit input because dryland farmers 
themselves cannot initially generate the required 
financial resources. 

3. 	Farmers need high-level, technically knowledga
ble personntl at the site to evolve cropping sys
terns that can succeed at an 80% probability level. 

4. 	Inputs must be available at the field level when 
the farmer needs them most; often fertilizer, 
seeds, and insecticides are not available at the 
village level. 

5. 	High-level management is required to ensure lin
kages between availability of credit and supply of 
inputs. 

6. 	There is need for reliable dat;!, based on weather 
reports. 

Opportunities 

I. 	The system can provide a quick and lasting 
change in tht economic system of the farming 
community. 

2. 	It provides scope for scientists to evolve recom
mendations that can find quick adaptation. 

3. It isan unexplored field for banking institutions 
to provide loans. 

4. 	Benevolent governments should find the 
improved system an excellent means to better the 
lot of the rural population economically. 

5. 	The state can satisfy food-production needs 
quickly, even through rainfed farming. 

6. 	The system can provide an opportunity to intro
duce rural-based agroindustries in rainfed areas. 

7. 	Industries manufacturing implements, fertilizers, 
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insecticides, seeds, and other inputs will find 
immense scope for increasing their activity in 
these areas. 

Threats 

I. 	 Experiments with the unfamiliar technology 
without a proper database may fail to pro' :de 
results, leaving doubts in the minds of farmers 
about the technology. 

2. 	Ill-considered rural market conditions for the 
increased production might deter farmers from 
higher investment on their land in a sustained 
manner. 

3. 	 Recommending improved practices on a thumb
rule basis, without fine tuning by the specialists, 
may lead to failure. 

4. 	 Nonavailability of alternate varieties and crops 
may endanger sustained adoption of the system. 

Discussion 

Purnell: You mentioned "adapting to the climate." 
Do you also adapt to the soils? 

Sampath: Yes, in some areas where the annual rain
fall is less than 760 ram, and during tile main rainy 
season it is less than 460 mm, did usewe not the 
broadbed-a nd-furrow system. Under very low rain
fall we tried tile furrows; and under the lowest rain
fall, we used the broad-block system. 

Eswaran: I was very ;mpressed by your sequential 
cropping system. You said that one of your prob
lems was to provide a buffer stock of seed. This 
problem will increase as more farmers adopt the 
system. 

Sampath: Yes, we are giving great attention to this 
problem of bringing seed and fertilizer at the right 
time to the right place. 
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Methods of Technology Transfer
 



Approaches to Agrotechnology i ransier,
 
Particularly among Vertisols
 

L.D. Swindale' 

Abstract 

Greaterefforts thanatpresentareneeded to transferagriculturaltechnologyfrom place toplaceand 
country to country. Such transfer now occurs mostly by trial and error but more scientific 
approachesare being developed. Both (1) models thatsimulate biologicalprocessesand (2) regres
sion equationsrelatingcropperformanceto input andsite-factorvariableshavegreatpotential,but 
they have had onlylimitedsuccessto date. Methods ofanalogoustransferare currently moreuseful, 
particularlyfor transferringdata forsoil-based technologies. 

In soil science, analogous transfer must be based upon a sound and accurate system of soil 
classification, such as Soil Taxonomy. In a fairly homogeneous soil order,such as the Vertisols, 
transferof agriculturaltechnology may be successful at the level of phases of subgroupsorgreat 
groups, but caremust be taken that -haracteristicsimportantto their use andmanagement arenot 
overlooked. Transferat the level of the soil family should be possible.Transferto similarfamiliesin 
thesame subgroupandto parallelfamilies in relatedsubgroupsandgreat groups can be conjectured 
with considerableconfidence, but empiricalevidence is needed to test the hypotheses and to help 
refine theclassificationofthese soils.Because Vertisolsoccurextensively in the semi-aridtropicsand 
have productionpotentials well above theirpresentlevels ofuse, there wouldseem to be a fairlyhigh 
priorityfor this research. 

Vertisols occur extensively in central India, and their potential far exceeds their present use. 
Improved technologies have been developed on the same benchmark Vertisols and are currently 
being tested on others. The resultsof such tests on known kinds of soils can he combined with the 
averageyields obtainedby betterfarmerson soils ofsignificantarealextent todevelop soilsuitability 
ratings.Once such ratingsare available, soil suitabilitymaps can be drawnfor local development 
planning.Detailedandreconnaissancesoil surveys provide a reasonablecoverage of the patternof 
soil distribution in a region, allowing soil suitabilitymaps appropriate for large-scale regional 
planning to be drawn. Such maps can provide a basis for successful investment and ultimate 
improvement in agriculturalproduction and the welfare of the people. 

Resum6 

Mithodes de transfert de technologie agricole, particuliirement dans les Vertisols: Degrosefforts 
sont nbcessairespour transf6rer]a technologie agricoled 'unendroit AIautreet d 'unpays Al'autre. 
Un tel transfertse produit maintenant,surtoutpartitonnement, mais des m6thodes plus scienti
fiques sont h1etude. Les modbles quisimulent des processusbiologiques ainsique les 6quationsde 
rbgressionquilient la perlormancede Ia rcolteaux variablesd'intrantset de milieu ont un 6norme 

Director General, International Crops Research Institute for the Semi-Arid Tropics, Patancheru, Andhra Pradesh 502 324, India. 
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ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1989. Management of Vertisols for improved agricultural 
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potentiel,mais n 'onteu qtic,peu de sueccbsjusqu "tprdsent. Des rnechodes de transer par analogie
sont plus courllalinil'ntotilisees, surtoot pour cc qui concerne Ie translert dicdonncvs relativcs aux 
tcchnohlies londes sur Itsol. 
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with assured rainfall. The technologies have been 
based mainly on sole cropping under low risks. The 
commodities involved are well-known in the world 
market, and production and prices are influenced by 
world market trends, 

Soil-based technologies i.e., tcchnulogics to 
improve the productivity of certain soils- tend to be 
specific to the soils for which the\, are developed. 
They have high site-factor constraints (Swindale 
1980). A soil, unlike a seed, is part of the landscape 
and cannot be mo ed phsically from place to place. 
Spatial variability of soils is high, particularly in the 
tropics where soils are also less well understood. 
These factors make transler of technology difficult. 

In addition. technology transler must take other 
environmental factors and socioeconomic differen-
ces into account. Agricultural technology cannot be 
successfully transferred without local adaptive 
research (lenson and Biunswanger 1979), and the 
amount and cost of such research is directly related 
to the magnitude of the site-factor constraints. lf the 
site factors of the test location are not tot) different, 
tle cost of the necessary adapti\c research will not 
be so high. 

In addition to tile most common approach of 
using trial ind error, three scientific approaches 
exist. in principle, to equate site-factor variables and 
constraints across locations. Tlley are simulation 
models, statistical relationships, and analogous rca-
soning (Nix 1980). 

Simulation Models 

Simulation models attempt to mnimic biological p o-
cesses through physical laws and relationships. and, 
inherently, they should provide tile best method for 
overcoming high site-faictor constraints. Fora single 
crop system on similar soils, climate-dri\en models 
should be successful because variations in climate 
essentially determine year-by-ycar crop yields (see, 
for example. l.emon et al. 1971) 

The iicompleteness of scientific knowledge and 
the complexity of the technologies and of tile models 
themselves are barriers to the use of simunlation, and 
there are few examples of its successful application. 
The successful development of simulation models 
requires an intensive multidisciplinary effort, and 
this is often difficitlt to achieve. 

Although sinulation n-models cannot yet be said to 
be usable for agrotechnology transfer, they are 
important aids to research (Innis 1975). They codify 

existing knowledge in highly systematic forms and 
help in the design of significant experiments. In 
developing and testing such models, we discern tile 
minimum sets of data required at various levels of 
prediction. It is worth mentioning that minimum 
data sets for agrotechnology transfer by simulation 
invariably require data on climlate, soil moisture 
(which is highly dependent upon the nature of the 
soil), and crop phenology. Seldom are these data 
collected in scientific experiments. 

Empirical Statistical Relationships 

Empirically devised statistical relationships are 
being used for agroteclnology transfer. The biologi
cal productivity and, particularly, tile yield --of a 
crop is empirically related to input and resource 
variables, usually by correlation and multiple linear 
regression. Ihe data used to derive the statistical 
relationships are obtained from experiments or pro-
ILuction records front a range ofenvironmental con
ditions user time. lhe resulting correlations or 
regression equations, after validation, are used to 
predict productivity in future years or at new loca
tions. Obviously, statistical predictions can be made 
with much more confidence at interpolated thian at 
extrapolated sites. 

Many examples of statistical predictions exist in 
the research literature, particularly in relating crop 
responses to applications of fertilier and water. 
Some examples, in which soil-factor variables have 
been considered, are the equations developed by 
Voss ct al. (1971)), RLunge and Benci (1975), and 
Culot (1981). Ileady (1981), in referring to the many 
studies of this type with \khich his name is asso
ciated, has pointed out that they are limited in their 
application to several adjoining counties or states 
and cannot b,.' used, except in principle, for inter
country transfer. Parametric methods of measuring 
the potential prod uctivity of soil belong in this cate
gory. They are generally based ott easily measured 
properties of the soil and tend to be rather site
specific (BHeck 1978). 

Analogous Transfer 

In methods of analogous transfer, an attempt is 
made to stratify the environment sufficiently pre
cisely to ensure successful transfer of technology 
(Swindale 1980). Areas analogous to theexperimen
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tal site are identified by climate or soil classification, 
Although climatic networks are extensive 

throughout the world, they have hardly been used 
for the purposes of transferring technology. The 
data gathered and hence the classifications are not 
sufficiently related to agriculture. Partial exceptions 
are the classifications made by Papadakis (1965,
1970). More recent efforts to use pattern analysis 
(Russell and Moore 1976) and reference climatic 
sites around tile world (Shaw and Hill 1975) suggest 
that the usefulness ofclimaticclassification for agro-
technology transfer is now being actively explored. 
No attempts have yet been made to validate climate 
classifications experimentally. 

The development of soil classifications suited to 
agrotechnology transfer has been far more success-
ful. The prime example of a general soil classifica-
tion useful for such purposes is Soil Taxonomy 
(USDA 1975). Specific soil classifications for 
transferring a limited range of agricultural know.l-
edge, such as probable crop responses to fertili,,er 
have been developed for example, the soil fertility 
capability classification by 13uol et al. (1975). 

Analogous Transfer in Soil Science 

In Soil Taxonomy there are six taxonomic levels of 
classification: order, suborder, great group, sub-
group, family, and series. Within each level the strat-
ification of soils becomes narrower i.e., tile soils 
become more similar and technology transfer can 
be made with greater confidence as one descends 
through tie levels from order to series. Only in 
relatively homogeneous orders and suborders, such 
as Vertisols, Hlistosols, and Andepts, calr useful 
interpretations be made at the order or suborder 
levels. 

The soil family is the level in Soil I axonorny most
 
releant to transfer of technology from place to 

place. By definition, the family groups soils within a 

subgroup having similar physical and chenical 

properties that affect their responses to use and man
agement. The responses of coniparable phases oflall 
soils in a faimily are supposed lobe nearly enough the 
same to meet most needs for practical interpreta-
tions of soil rise. 

In tile United States, soils classified into the same 
phase of a family are placed in tire same soil perfor-
mance group or class. It must be noted, however, 
that there is an average of only five soil series in each 
soil family in the U.S., and that there are many 

families containing only a single series. The familh is 
almost as narrow a stratification of soils as a soil 
series. 

Most interpretations of soil use are currently 
made at the level of phases of soil series. The map
ping units in detailed soil survey maps are usually 
identified as phases of soil series, and are the units 
the farm planner and extension worker normally use 
at the local level to advise farmers. Nichols (1988) 
has described in detail the nany types of interpreta
tions for technology transfer that are possible in the 
United States at the level of the soil series. 

In Nichols' paper. high levels of inputs and man
agement are presumed in making interpretative 
statements. Such an assumption cannot be madeasa 
general rule in dealing with agricultural iriterpreta
tions in tropical areas, and certainl]% not in the dry
lands of India where lariiers' actual production is 
2511 or less of the potential yields revealed by 
research. Io os.erconie this problem, tie U.S. 
National Soil Ilandbook (LSh)A 1983) recom
mends three lesels of management for soil survey 
interpretations of arable land: leel A is the combi
nation of mlanagement practices used commonly by 
successful farmers for the soil being considered,
l.esel Bis acombination of superior o*anageient 
practices follo%%ed bY farmers %%ho obtain yields of 
crops well a bo the ascrage; l.eel C is lie optimun 
comibination of managcreit that can be delined as 
the full application of tire current state of knowledge 
and techniques of crop production. Information for 
management lesels A and i3 isobtained frori surveys
 
of larmer practices. For I.evel H tie information
 
gained from these surveys needs to be supplemented
 
by agronoric research oin farmers' fields. Data for
 
l.esel C 
 are generally obtained froi agronomic
 
research.
 

A Ie I Transfer to
 
grotechnoogy T s Applied


Vertisols in India 

In India most Vertisols occur on the Deccan plateau 
in central India, dispersed over a vast area from 
Gwalior in tie north to Raichur in the south and 
extending through six States. [he soils are deve
loped in .%iPt from the l)eccan trap rocks (mostly 
augite basalts) ard other base-rich rocks and from 
colluvium and allusium derived from these. Most of 
tie soils lie between 300 and 900 i above sea level in 
flat to undulating surfaces. Natural vegetation isdry 
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deciduous forest. hut most of the soils are now under 
cultivation.. 

Sorghum. nti/c. and pearl nlillet are tile main 
cereal crops under dirhand larmiing! pigeonpea. 
mung bean, and chickpea are the main pulses; sal-

flower the main Ollsccd; cotton the main industrial 

crop. Soybean prod lction is mcrea,,ing on the %%etter 
%kheal.anld ctt'.lon aireUSoils. ,"Iugarcaine, padd.\ itce. 

gro\\ll under irrigation. Ilirclroppilig is commtfIon in 

rainted agriculturC .lohl lh ( )..Although mans' 

crops are t o collhilltiongros%\it togethe.it, i lm 

are sirgllln ct.opopca. cotton pigeontpea. and 

rIlgetnltp.,. 

crtonbilte crops smth diflermit mlaitt rit\ lengtlhs. 
\kit lt dr ught-resistant crops, 

Coiltto Sorghtulll I le ni.\ttireS uISuallh' 

drolght-ellsitle 
cereals \sith legunes. and cash crlops \ith lood 

crops.
 
Much ol tile land is tallossed itt the rains season.
 

rainfall is either erratic or No high that it 

causes prohlenis ir land Imnaagemnent. [ettili/rs 

and agriculiiual chemiicals .rc seldom used ir' 

rainlel li rring prtpipaaluhio, 

because tile 

laind using bullock

drassn inmpletnt is usiall.l iited to lIoosetning 

the Sur'ace soil iii lebr.ar or Mlatch (iretore tre 
a bladc iarrrss issoils dry oul too much. I ie u,se o 


cotlrllon to hrlek up tilre
Sol aind rellie \ ,C.S just 

80) kg hiaIorbelore planting. YiCldsare hu ,iahout 

norlliriga ed solrghnl. 
life poteniil oil these "oil, sigliliucantl ' extCCds 

a\erage \itld. hutie\k technologies are no\, 

aailablc that hetter exploit this potttiial. Sorghurt 

ha aridin i/t. 'iedsol 31011 kg 

current 

yields of 4000 kg 

ha I ha . been iritaictrd ill utitrCrops \kit] piget1i-

pea oser 3 \'eCalS % ilto1,t Irligllioll On 'Setisuils at 

ICRISAI. Iligher \ielt,. ofiiten exceeding 5500 kg 

ha I of sorghln. are obtained \fill sole crops. ()er 

tire last 10 vears. ICR ISA I scientists ha\e e , ohed a 

that carl greatlk Increase tiletechnological package 

productisit. of \'ertisols it India. I lie package 

increases annual cropping intensities and decreases 

soil erosion d]uring tire raim season (Virnlani et ill. 

1989). 

hlie Vertisol at ICRISA I , mr \hich this 

inprosed techinologv \was deseloped, is classified in 

tire Kasireddipally series ard is a imetmber ol tire litle, 

niloittiiorillo ritic. isuitperlherrnic Ilarniil of' [ypic 

IPellusterts. Sore characteristics ol this soil are 

shown it I able I. Crops respond to the application 

of' N, P, aind Zn. anird profitable responses by 

impro ed cultivars Iae been obtained with 80 kg N 

and 5 kg P hit - '. Mai/e is more responsive to inputs 

than either sorghurn or pearl millet. 
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The soil has high available water-holding capac.
ity. In the first meter of the fully charged soil, 165 
mm of water is available to crops; at a soil depth of 
1.8 m, over 300 mm of water is available. Virtuallv 
all this water is available to plants, but lack of full 
root penetration below the 40-cm depth reduces 
water use by about 30(' (ICRISAT 1978, pp.
185-186). The hydraulic conductivity of the soil is 
low--of the order of I mrii day Iat 100 millibars soil 
moisture tension--and vigorous root growth is 
necessary for plants to exploit the soil %iater at 
depth. 

The infiltration rate of the drv soil is very high (70 
-mm h 1) because of the manv cracks; permeability 

drops to very low valies (0.2 in l-i) once the soil is
saturated. Under a transpiring crop, the surfacecracks open after a few days without rain. For this 
reason, runoff from cropped Vertisols is usually less 
than runoff from cropped Allisols.


[ie soil is sery susceptible to erosion. 
 Ihe corn-
mon traditional practice of fallowing tie land during 
the rainy season leads to s.ere runolf arid 1ls Of 
sril. Ili a.wet year i.s much as 10 t h,a I of soil may be 
lost from fallowed ind. SurLice tiealitent, particu-
latly the use of ridges, broadheds. or hunds, can 
reduce soil loss by 50'i or more, but crop coser even 
without land tireatnieit rdluces soil erosion much 
more ( linswanger et Al. 1980;). I lie use of ridges.
broadheds, or graded bonds also helps iprroe stir-
face drainage. Mhich is Oftei a problem duiring the 
rainy seas tri. 

J[he improved techrilogv deslped for tie V.r-
lisols at IC'RISA I should be \well-stuited to all Soil, 
in the Kasireddipall series, which are deep soils ol 
slopes less than 3(" ard occupy sorie 26000 ha in the 
Stat, of' Andlira 'radesfh. It should also be sell-
suited to all soils more than 80 comdeep on sinilar 
slopes in the same stoil family (fine, rnontonrillo-
nitic, isohyperthermic faminily of I ypic lHelhusterts)
wherever they occur in India or elsewhere. 

Moreover, this same technolorgy should also be well-

suited to soils in other families in the same suborder. 

For example, becaiuse the technoilt gy depends upon 

a minimum of 200 mm of waier available in the soil,it should, other things being equal, be suited to soils 
in sery fine-textured families, which should hase 

larger amounts ofavailable %ater than fine-textured 

families. 

On the other hand, a technology suited to soils in 
isohyperthermic families may not be suited to soils 
in hyperthermic families because wintier tempera-
tures may be too low for some of tire crops used in 
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tie improved technology. 
The technology may alsot be successfully Iransfer

able to soils in parallel families i.e., to fine, mont
morillonitic, isohyperthernic families of other 
subgroups or even great groups. Ior example, the 
I'RISAl technology suited to lypic lPellusterts is 
likely to he applicable also to parallel families of 
Udic lPellustelts, which occur inl slightly higher rain
fall regions. ()it the olher land. it may not be its 
well-suited to parallel fatiilies ofl [vpic ('hrotnius
terts, which hie higlie clhro itas indicative of more 
%k'atlherirtg ild perhaps less ironitnorilloniie 
and which occur )Inhetter-draiiled ordrier sites with 
less aailable %%atcr. 

Land Suitability for Improved Ver
tisol Technology 

lie National Ilureau o Soil Stjiryiand L.and Use 
I'lannigi .NIVSS and 1.li1) of the Indian Council of 
Agrictiltur-al Rcsearch (IW AR) and ICRIISUAl have 
embarked upon a, cooperatie research project to 
determine tire suitabilitsN of the irnproved deep Ver
tisol eclhnlllogs to the V-'etisols and a sociated soils 
in certial India. I ie priiect is not complete, but 
some of Ire earlyv restlls are of interest. 

A alget area olf:pproxiialelY 40 million ha has 
hel included ill the plojecl, ranging from (iwalior 
in tIle nolirlh to Ilyderabad itt the soulih and from 
labalpur itthe east to Airaigahad in tIhe \est ( -ig.
I ). I lie area. contains most of the Vertisols that occur 
in India, including rescarch ,ites which Statedepart
,nits of agritilture, ('R ISA I, aind WAR have 
pre%iously used in on-faril research and deroristra
tiuns ifiInprosed technologies.
 

At six sit s \ithin area (see
ttho Fig. 1), soil scient
ists of the NHiSS and L.P hae made 
very detailed
 
soi; sur'eys at scales of 
 I1:800)0 oir larger. I)etailed

informuation oct current agricUiltura liand use is heing

obtained for ten soil series (eight Vertisrls and two
 
Vertic Inicepiisols) of significant areal extent iii
the
 
region. ' lie soils ire classilied in niine different fami
lies (lI able 2). 

I lie telt soils are renarkably uniformr in their 
properties ('I able 3). Coefficients of variation (%)
for the eight Vertisols are 16.2 for depth of solum, 
13.3 for percentage of clay, 10.3 for cation-exchange 
capacity, and 4.2 for mean annual soil temperature. 
lven when the two Vertic Inceptisols are added, tire 
coefficients of variation for the last three character
istics remain small. 
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Figure 1.Target area for the improved Vertisol technology (Virmani et al. 1978). 

Cropping patterns on the soils are complex (Table 
4) and differ substantially among soil series (Table 
5), particularly in the percentage of fallow in the 
rotation. Sorghum isgrown on all the soils to some 

extent in either the rainy or postrainy season. Pearl 
millet isgrown in the rainy season on soils in the west 
of the region where rainfall during the season is brief 
and irregular, and soybean in the rainy season on 



soils in the north of the region where rainfill is fairlv 
4 
 higih.N'high.\heat and chickpeas are grown in tile 	pos-

E 	 train season in the more northerly soils. ... Productivit%\ obtained b' rhe better farrners(30%
-" . u ..u of allIfIarmers) under rainled farming, measured in,Z_ E_ F _ ru ee,.',F 


. ' rupees, differs significantly between soil series. For:> - two pairs of closely associated Vertisols and Vertic 
Inceptisols. here in each%% pair solun depth is tile 
main discriminating characteristic, productivity 

e o -.-- - _+_+E E E E.... ... under rainfed fIarming differed, but did not differ 
EEEE E under irrigation (Fig. 2). Renoal of the moisture
2 E- supplying constraint of the Veriic Inceptisols is 

E, obvio uisly the reason for their improved 
"2 ~.'p ,erformance. 

Soil in tie N inone series, which is cropped mainly
in the postrainy season. has lowver producti vity than 

.h tie Linga ,oil. %%hich is cropped mainly in the rainyE E F 2 E E E season, and both have lowker productisity than the 
-~ ~ Sarol soil, ,hich is cropped in both seasons (Fig. 3).

C C C C 2 E 2jE 	 'These differences between yields obtained by betterfarmers ltave notEE EE E E E EE E 
been tested for statistica; signifi

canoe, but aerage yield. by all Larnemrs of ih' main 

crops growvn on the soils are statistically different. 
[ilie soils are all in different families. It will. indeed, 

E E E 
be ecry usCful if sur eys of ields obta inied by betterfarmers i.e. Ievel-tl management can be used to 
discriminate between soil families or, alternativelv.

7 
.	 

tthelp deline soils that neced o be separated to make- -ri r- - - rj"J" meaningful fimily elassifieations. 

r- - - ,.- r ri \What rnains to be d]one'EZ:g,g~., 	 in the project is ties. ? g.,deselopnent Of soil suitability maps for the use of 
the imtproved Vertisol technologies throughout tile 
region. rlibasic data for these ma1;.ps exist from the

W E . v rr. --=F , ,r-c, trials and demonstrations of the technologies that 
-.. have been carried out on soils that hase been stir

,eyed very intensively (scale of 1:5000). Ihis infor-
I - , m.ination, conbined with what we are learning about 

itheperfornmance under better-farier conditions of 
<jF4 ri -r soils with significant areal extent in the region, 

should allow us to produce reliable suitability maps 
for intensively surveyed soils (scalesC ' M 	 of 1:20000 or1:63000). Iis information can then be extrapo

. W t ited, perhaps through one or two internediatePu+  ' 7 steps, to soil rnaps at a scale of 1: 10000. whichto -a . 2 C already exist for the entire region. Such mapsC E A 4 	 can
show associations of soil fimilies and are suiti ible forregional planning. 

-"' I 
 Soil suitability iaps at this scale, showing what 
' K. E 

U0	 
areas are well-suited, moderately well-suited, or 

S . ' unsuited to particular technologies, acconpanied by
 
U10 V) L tabular and textual irtformation defining the returns
.
 " 
 to be expected from the use of the technologies at 
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Table 3. Some properties of the 10 Benchmark soils in Table 2. 

Solum 
depth Clay CEC' MAST 

Soil series (cm) 0 C(%) (C mol kg-J) 

Inceptisols 
Kamliakheri 45 63.5 62.1 26.4 
Sawargaon 60 49.6 	 47.2 27.4 

Vertisols 
Nimone 107 57.6 49.1 26.4 
Aroli 120 59.6 56.3 28.4 
Kasireddipally 130 61.1 58.9 27.4 
Linga 140 74.5 62.2 28.4 
Barsi 147 69.0 62.6 28.4 
Kheri 150 63.4 64.1 26.4 
Sarol 160 57.3 51.7 25.5 
Marha 180 47.3 	 50.9 26.4 

For the 8 Vertisols: 

Mean 142 61.2 	 57.0 27.2 

CV (%) 	 16.2 13.3 10.3 4.2 

For the 10 soils: 

Mean 124 60.3 	 56.5 27.1 

CV (Q-) 	 34.6 13.5 11.2 3.8 

1.CEC z cation exchange capacity. 
2. NIAS I = mean annual soil temperature. 

Table 4. Cropping patterns on the Kamliakheri soil series. 

Percent of 
farmers using

First year 	 Second year tatern 
the pattern 

Pattern Rainy season Postrainy season Rainy season Postrainy season (n 104) = 


1 Sorghum or Fallow Sorghum or Fallow 29.8
 
sorghum, pigeonpea sorghum,, pigeonpea
 

2 Sorghum or 	 Fallow Fallow Wheat or chickpea 19.2 
sorghum,,pigeonpea 

3 Fallow 	 Wheat or chickpea Fallow Wheat or chickpea 2.9 

4 Sorghum or Fallow Soybean Wheat or chickpea 6.7
 
sorgl'un, pigeonpea
 

5 Soybean 	 Wheat or chickpea Soybean Wheat or chickpea 21.2 

6 Soybean 	 Wheat or potatoes Soybean Wheat or potatoes 20.2 
or vegetables or vegetables 
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Table 5. Average cropping patterns on six soil series. 

Average percentage of fallow 

Soil series Rainy season Postrainv season Rainy season Postrainy season 
Rain. season 

()) 
Postrainy season 

(%) 

Inceptisols
Sawargaon 33% fallow 

67%, pearl millet 
33%7 sorghum 
67%- fallow 

or wheat 50%- fallow 
50e( pearl millet 

25(-
25(* 
501" 

lallow 

wheat 
sorghum 

42 46 

Vertisols 
Nimone 33% pearl millet 

67% fallow 
33"1 %heat 

67C sorghum 
33%i 

67(' 
fallow 

chickpea 
33%-Cfallow 

67( chickpea 
50 16 

Kamliakheri 3% fallow 
40c soybean 
57%7 sorghum or 
sorghum pigeonpea 

45%-r wheat or wheat 
in combination 
55- fallow 

25(' fallow 
30%; sorghum or 
sorghum pigeonpea 
45%i soybean 

30(', 
70%' 

fallow 
wheat chickpea 

14 42 

Sarol 6% fallow 
47% soybean 
47%: so-ghum or 
sorghum pigeonpea 

45 fallow 
55% wheat 

20% fallo. 
20%i sorghum or 
sorghum pigeonpea 
60%' - soybean 

20 
80%i 

fallow 
wheat chickpea 

13 30 

Linga 33% cotton 
67% cotton pigeonpea 

100% fallow 100c; - sorghum 33% fallow 
67% wheat 

0 67 

Kasireddipally 15"( fallow 33% sorghum 20%- mungbean 100% sorghum 50 33 
15%i mungbean 67% fallow 80%'( fallow 
30% chillies 
40% sorghum, pigeonpea 
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various defined levels of management, will be the 
primary output of the project. The Union and State 
Governments in India consider the improvement of 
rainfed farming to be a major development priority. 
The maps and information from this joint ICRI-
SAT/NBSS and LIUP project will enable govern-
ments to encourage investment in those areas and in 
technologies that can be expected to profit farm 
families, provide good returns on investment, pro-
duce increased income streams and employment, 
and reduce soil and water losses. Increased rates ofandgreduce oiandterlossesct asd irte o
growth in agricultural production and improve-
ments in the livelihood and welfare of the people will 
be the ultimate results. 

Acknowledgments: The assistance of J.C. Blihatta-
charjee, Consultant to the joint ICRISAT/ NBSS 
and LUP project, in analyzing data on soil perfor-
mance is gratefully acknowledged. The approval of 
the project leaders for use of the project data in this 
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Discussion 

Valverde: Dr Swindale, could you comment about 
the negative response of farmers to barley within the 

cropping systems developed by ICRISAT, and why 
you use barley as an example to demonstrate the 
productivity potential of both soils under irrigated 
conditions'? Inceptisols and Vertisols are almost 

similar. 

Swindale: In nv last slide, I was referring solely to 
i.ingated wheat and in this region a lot of the wheat is 

grown under irrigation. Though this is largely a 
dryland area, there is a limited amount of irrigation 
available and often this is used to grow whcat in 
winter. This reduces the water constraints. At 
13cgunsgunj we are talking about rainfed wheat, 
grown in this case in a remarkably wet year, but the 
difference is between irrigated and nonirrigated 

wheat. 

Willey: Wheat does seem to show rather a special 
double-crop situation. What seems to happen is 
that, in the traditional system, the farmer is at least 

able to use the latter part of the rainy season to 
provide a good seedbed. 

Hong: A big applause to the Benchmark Soils con
cept. Soil survey information should be 'utilized', 
not merely documented.' Unfortunately, however, 

today the dialogue between soil surveyers and 
agronomists is not as appropriate its it should be to 
make soil surveys useful and used. I had an oppor

tunitv some years back toaccompanya colleague on 
his soil survey trip. I was deeply impressed with his 
profound knowledge in describing the soil profile. 
But I was deeply disappointed when I found he was 
rather reluctant to pay attention to the practical 
significance of the soil characteristic:; that he was 
describing. I think the movement to promote the 
dialogue between soil survey specialists and agrono

mists should be carried out in a big way! 
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Influence of Environment on the Management
 
and Productivity of Cereals on a Vertisol at Jindiress, Syria
 

P.J.M. Cooper', J.D.H. Keatinge2 , and S. Kukula3 

Abstract 

There are5.3 million ha of Vertisols in the Mediterraneanregionof West Asia and North Africa, of 
which 0.61 million ha are in Syria. These Vertisols occur in areas receiving more than 350 mm 
expected annualrainfalland thus represent high-potential,agriculturalproductionzones. In such 
zones, wheat is a dominantand importantcrop, but current nationalaverage wheat yields in Syria 
(1.34 t ha-' in 1982) are well below the environmentalpotential.Recent researchat Jindiress(mean 
annualrainfill475 mm) in northwest Syria, a typical Vertisol location, indicatesthe importanceof 
single management improvements for increasing cereal yields. 

This paperdescribesthe soil and climateat .lindiress,tt I:h emphasison the grcatseason-to-season 
and within-season variabilityof both rainfaland tempera!ture. The main elffcts and interactions of 
time ofsowing, seeding rate, variety, nitrogen fertilizer, phosphate fertilizer,and weed controlare 
discussed,andit is concluded that in both West Asia and North A/fica. earlysowing, weed control, 
andoptimal use ofnitrogenandphosphorusfertilizer will have majoreffects on increasingyields on 
Vertisols. The implicationsof improved productivity through fertilizer use on crop water use and 
waterpatternsarediscussedin detail,and it is concluded that substantial increasesin productivity 
and water-useefficiency arepossiblewithout correspondingincreasesin evapotranspiration.This is 
largelydue to the effect of increased crop coveron the ratioofmoisture lost assoil evaporation under 
the crop to that activel ' used as croptranspiration.The effect of fertilizeron cerealrootproduction 
and the implications for twater-extractionpatterns are presented, and the importanceof climatic 
variabilityon fertilizer recommendations is discussed. Enough is known about relatively simple 
improvements in soil and crop management in Mediterranean Vertisols to allow the successful 
short-term transfer and extension of these results to farmers ofthe region, but further research is 
required in some areas and topics to optimize these recommendationsover the longer term. 

Risumi-

Influence de I'environnement sur la gestion et la productivii de ciriales sur un Vertisol hJindiress, 
Syrie: Ily a 5,3 millions d 'hectaresde Vertisols danslIa r6gionniditei)ranbenne de l'Asie occidcntale 
et de l'Afrique du Nord,dont 0,61 million d'hectaresse trouvent en Syric. Ces Vertisolsse trouvent 
dans des rgions qui re~oivent plus de 350 mm de prbcipitationsannuelles et, par cons6quent, 
repr6sententdes zones de production agricole ;)potentiel Hlev6. Dans ces regions, le bl6 est une 
culturedominantect importante,maisles rendementsmoyens nationauxpourla Scvri (/,34 t ha -Ien 
1982) sont bien en dessous du potentiel. De rccentes recherches llindiress(pluviointrieannuelle 
moyenne de 475 mn) au nord ouest de la Syric, emplacement typique d'un Vertisol, indiquent 

Program Leader; 2. Agronomist: and 3. Weed Specialist; Farming Systems Program, International Center for Agricultural Research in 
the Dry Areas (ICARI)A), I.0. [lox 5466, Aleppo. Syria. 

ICRISA'I (International Crops Research Institute for the Semi-Arid Tropics). 19119.Management of Vertisols for improved agricultural 
production: proceedings of an IIISRAM Inaugural Workshop, 18-22 February 1985, ICRISAT Center, India. Patancheru, A.P. 502 324, 
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l'importanced:am=liorationsde gestion afin d'augmenterles rendementsde c~r~ales.
Cet articled6critle solet le climatAJindiress,tout en insistantsurlavariabilit6desprecipitations

et de la temp6raturedesaisonAsaisonet dansunem3me saison.Lesprincipauxeffets et interactions
de la date des semis, du taux de l'ensemencement, de la var t6, de l'engrais azot6, de lengrais
phosphat6el du contr6ledes mauvaisesherbessont examines et lon conclut qu'en Asic occidentale 
et en Afrique du Nord, les semis pr6coces, le contr6le des mauvaises herbes et l'emploi maximum
d'engraisazot6 et phosphat6a urontdes effets importantssurI accroissementdes rendementssurlesVertisols. Une discussion d6taill6e sur la production amdior~e grace h I apport d'engrais surI'utilisationdel 'eauparles cultureset surles systbmes d 'rrigationest pr6sent~e,et on conclutque desaugmentationssubstantiellesde la productivit6et del 'efficacit6de 'utilisationde 'eausontpossibles
sans augmentationscorrespondantesde 1'vapotranspiration. Cela est dOi en grandepartieA I l'effet
d'un couvertaccrude la culturesurlerapportentrela perted'humidit sous formed'6vaporationdusol souscultureet celle utilis~esous forme de transpirationde la culture.L 'efetde la fertilisationsurla productiondes racinesdes c&r6aleset sur les systbmes d 'extractiond'eausont present~s,ainsique
I'importancede la variabilit6duclimat surles recommandationspourI applicationdes engrais.On asuflisament de connaissancessur les am6liorationsrelativement simples de la gestion du solet desrcoltes sur Vertisols m~diterran~enspourpermettrele transfertvalable et la vulgarisationA courtterme de ces r~sultatsaux agriculteursde la r6gion. Mais, de recherchesplus approfondiessont
n~cessairesdanscertainsdomaineset themesd !tudes afin d'utiliserau maximum ces recommanda
tions A long terme. 

Introduction 

ICARDA's research responsibility for rainfed agri-
cultural systems in regions of West Asia and North 
Africa (WANA) focuses on areas that receive 
200-600 mm a-' of expected winter rainfall, which 
roughly corresponds to a growing period range of 
75-210 days (Kassam 198l). Within WANA a total 
of 125 million ha (North Africa, 34.7 million; West 
Asia, 89.8 million) fall within these boundaries, 
comprising 86'i of the total area with an estimated 
growing period greater than 75 days (FAO 19 7 8a, 
1978b). 

Of this total area, Vertisols occupy 5.3 million ha 
(North Africa, 1.2 million; West Asia, 4.1 million), 
or 4.2% of the rainled agricultural area. Sudan has 
no areas in the subtropics that receive winter rain-
fall, but it is one of the countries in ICARDA's 
sphere of responsibility. Vertisols are widespread in 
Sudan, occupying 42.2 million ha, or 17% of its total 
agricultural area. 

This paper discusses management of Vertisols in 
rainfed agricultural systems in WANA, which fall 
within the cool subtropics receiving winter rainfall, 
and draws examples from our research conducted 
within Syria, ICARDA's host country. In particu-
lar, the management of cereals at a typical location, 
Jindiress, highlights the problems associated with 

crop production on Vertisols. Syria has 18.3 million 
ha that fall within this climatic definition, of which
6.19 million are currently undercultivation(Statisti
cal Abstracts 1983). Within this land area, 0.61 mil
lion ha are classified as Vertisols according to Soil 
Taxonomy (USDA 1975), but a larger area (2.22 
million ha) are classified as Grumusols according to 
the older U.S. nomenclature (Fig. 1). 

A large proportion of the area mapped as Gru
musols exhibits many of the management-related 
properties associated with Vertisols-namely, high
smectitic clay content, deep cracking, and self
mulching with substantial soil churning. 

Farming Systems Associated with 
Vertisols in Syria 

Figure I illustrates the distribution of Vertisols in 
areas that receive > 350 mm annual rainfall and thus 
represent the high-potential areas of agricultural 
production in Syria. Such areas are dominated by
wheat-based farming systems, in which farmers 
grow winter wheat (both bread wheat and durum 
wheat) in rotation with winter food legumes(suchas 
lentil, chickpea, and faba bean) and summer crops 
(such as watermelon, sesame, and cotton). Previous 
surveys showed the predominance of three-course 
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rotations-wheat, followed by a food legume, fol- costs associated with hand weeding and hand harv
lowed by a summer crop-on the deeper soils (> 80 esting, many farmers are reducing their food-legume 
cm) in these farming systems (Watson 1979), but production and moving into two-course rotations of 
there is evidence that, owing to the increased labor wheat followed by a summer crop. 
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Figure 1. Rainfall isohyets and distribution of Vertisols in Syria. 



The percentage of arable land used for tile Jindiress: Soil and Environmentalmain 
crops is as follows: Characterization 
" Legumes-lentil 18%, vetch 8,chickpea 5Ch a 
* 	 Cereals-local wheat 15,,improved wheat 15%, Sbaly4C,,imrvd 	 ha Soil Descriptionba rley 4%v. 

* 	 Summer crops---watermelon 20%, sesame 5.', .iindiress (360 23'N, 360 41'E) is about 80 km 
cotton 2,"%, and miscellaneous 8(,'i. northwest of Aleppo at an altittide of"230 i. The soil 

Livestock, principally sheep, is an important at our research location was classified as Chromic 
aspect of these systems. Although some forage vetch Vertisol (FAO), Palexerollic Chrotnoxerert 
is grown as feed, the sheep are largely led on crop (US)A), orS/mecti-IBisiaA.o, vertiqtw (ORSTOM). 
residues (lentil and wheat straw) during the summer In older systems of soil classification, it would have 
months and use the natural pastures growing an been classified as Grumusol (WSA), Vertisol 
nonarable grating areas during the winter months. (lFrancc), Cinnamonic-brown Earth, or Takyr 
Such nonarable glazing areas occupy about 20(.j of (USSR). 
the total area of these systeis. Barley also consti- A full description of this soil was previously 
ttites an important source oflfedi Wttsot 1979)and reported (Cooper et al. 1981), and the details are 
is grown ofl the shallower soils, where it is usIally presented in the Appendix. Analytical data ofi this 
followed by fa-llow. Vertisol aro presented in Fable I. Taxonomically, 

Fruit production is substantial on these rainfed the soil is characteri/ed by inochric epipedon, the 
farfning systems, sitlh a total atea of 412 000 It occurrence of deep cracks inpolygonal patterns 
under production. Olives (342 000 ha) are ufsuallv (Fig. 2), slickc sides (Fig. 3). a pris natic structure, 
grown on the deeper soils, and grapes ( 101 000 ha) and wcdgc-shapcd structural aggregates at depth. 
orl tile shallower and poorer soils. Apples. alniofds,. The substratum consists of weathered limestone and 
pistachios, figs. apricots, atnd cherries arc predolni- glauiconitic minerals. Ihere is no pronounced calcic 
nant oi the remaining land (Statistical Abstracts htoriion, probably because of the intensive churning 
1983). of the soil. ('lay minferals arc mainily sficctitic. The 

Farmers ha\e a wide choice (If agricuhtlural and structure of the soil is coarse subangular blocky near 
commercial crops in these high-potential areas, and the surface, and coarse to \erv coarse prismatic 
thus a diverse range of farinirg Svsteis a l agricul- below. The structural aggregates contain few fine 
tural practices is found. In general, rflaring is a pores: roots, in,particular intie 13-hori/on, follow 
profimable proposition in these areas, which proviide the surfaces of the aggregates (see Fig. 3). 
a major portion of Syria's local food supply. Early in tire winter-rainfall season, tile internal 

Table t. Selected analific data on Palexerollic (hronixererts, lindiress, Syria'. 

Mineral
 
Particle-size distribution nitrogen 

Soil aC0) Organic Total Available 
'qtivah'tt lIoldepth (e 	 'a nilrg i)IO.(I)/Otu.I (Ppnr) 

(cm) 25 innr 50u 5)2M - 2 y (%%r % ) p11 (% %Vw) (ppm) (ppm) NII4.N N0.-N 

0-20 4 32 61 20 8.0 0.65 601 3.4 4 5 

20-40 4 32 61 21 8.0 0.4') 515 1.6 4 3 

40-60 4 33 61 21 8.0 0.43 451 )1 3 2 

60-90 4 33 62 22 8.0 0.37 395 1.0 4 2 

90-120 4 32 62 22 8.1 0.33 290 0.9 4 1 

120-150 8 33 60 n.d. 8.1 n.d(. 234 0.8 3 1 

Iltchanical ' 
suspemnon), organic carbon (Walkly.ylllack), tofal nhfrogenaI(Klhhau ., alahl phosphorus ()Osen). nd mineral nifrogen IIfiremner). 

1.Analyscs were made hy lth tollos ingilmethods: anralis h'trthrletlr. ti1 c qUisalen' (lflrallon). pit0: suil-sAaier 
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F igure 3. Sliukenside at hufr Antlooti (Ileft) anid Jlndr%%frigit). Note roots runningaIlross atggregateL stirftices 
inl the phlo (pit righl.Olbth 

tatriI %kj _179 11111 ttanrIrl ilet 1ario, I IS 111n1i, I~ 
%%lit a Iui t of 17T1 in i 172 to it ln1gr i 7,33 111o fit 11 
1968 (Fi)giIe 4 slt sI li iltJitoh h!lIu it i Ihl itIn ill 
ranlali 1. I Il%Plos wtilahillIN Ilsi e~nltonnal nalnstali 
eieani lielices .nIop priO, jet;%ix h-It tile %kitii
searson rutizall disrihu-o tnav *idi he :nu;cal 

(Kcatisne et aL. 1X5J. Ol -ill nIuntilk laitlrial arid
 
tetlpericattre lcelistte ate sholno~t ill I-ignte 5). IFor
 
Insitance, (the raplid inrerase In anit nenuperanure III 
Apil and \la and the declining precipitation mdit-
CaleCthat, sinning tile gnantn-Iiling period lot Iost
 
wininer-plited gnuotir ill depend of) stilled
i. lops, 

Sonl innoni inne, 
A ty picail eC..nnnuple 'd tile %weitiglid ilin tg p).tt- .... 

ctll (11,souil Inloistimne Lirtuiet a len iililed hatlc le op 6 Q0 800 
%kasiubses lin i9)82 83 i g. 0(, a '.ear %kilhslighiikiid ~iit ni 
Iosmet precipitatiion than ascrage. I )Illtit! snch %cars, I-iguire 4. ( uniatiik prr'hunilit) distribution of 
crops depend on siored soni ninostinn, especially it annnnal (August-IuIs cnrt rainfall Irduls ant*indirms 
thle latter portion ol tile Pgtsnrg Neilsonr and there is (IDnmet et ail. 1984). 
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140 risk of the deep soil cracking associated with Vertis
-120 _ ols. Cracking is usually observed to develop close to50 _-Pecipi tation 100 the period of crop anthesis. 

4o 8o 
3-O0f Teiperature 80* Low air temperatures in winter, particularly in3~, 60 . combination with conditions of inadequate phos

(20a -' 40 "r 
 phate availability, may also seriously influence crop 
1 20 ' development and productivity in cereals. In the
 

a E 0La) period 1965- 1983, the number of days per season
 
. S C N D J F M A M J J A with minimum shaded air temperature below 0 'C
 

Month ranged from I to 46, with an average of 15. Crop
 
maturity dates, as a result, can vary by up to4 weeks,
 

Figure 5. Mean monthly precipitation and mean and this will have a substantial impact on the
 
monthly air temperature at Jindiress (1960-1984). drought and heat stresses affecting the crop and will
 

Moisture (ciii
per 15-cm depth interval)
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Figure 6. Pattern of wetting in autumn-winter and drying in spring of Vertisol soil profile under fertilized 
barley at Jindiress, 1982/83. 



influence the likely choice of suitable crop cultivars.Stapper (1984) has demonstrated that medium-
Staper 1984ha demnstatedtha medum-

duration wheat cultivars, such as Mexipak, will be 
more productive than an early-maturing cultivar 
(Sonnalika) in the majority of years at Jindiress and 
that the opposite is the case at a drier site, such as 
Breda (278 mm mean annual precipitation). 

Major Effects of Management on 

Cereal Production on Vertisols 


Large areas of wheat are grown in Syria in areas in 
which Vertisols predominate. In 1982, 1.22 million ha 
of wheat produced, on average, 1.34 t ha-' of grain 
(Statistical Abstracts 1983). Farmers currently sow 
their crops late to allow the early rains to germinate 
weed seeds, and the weeds are subsequently killed by 
cultivation prior to sowing. Phosphate fertilizer(tri
ple superphosphate), when used, is applied to tile 
soil surface before this preplanting tillage and is 
incorporated into the soil. Band placement of phos-

phate with tile seed is seldom practiced. Cereals are 
largely hand broadcast over ridges at a seeding rate 
of 100-120 kg ha-', and the seed is covered by split-

ting the ridges. Nitrogen fertilizer (urea or calcium 

ammonium nitrate), if applied, is usually topdressed 
in early spring. Preliminary survey work indicates 
that in these areas, late sowing, poor weed control, 
and lack of or incorrect fertilizer use result in yields 
well below the environmental potential. 

In the 1982,,83 and 1983/84 cropping seasons, 
trials using a 25 factorial design were run at Jindiress 
to examine the main effectsand interactions of some 
important management factors on wheat yields. In 
both years, the trial followed a summer crop of 
sesame. The treatr . , and tile results are shown in 
Fable 2. 

In 1982/83, time of sowing was notexamined, and 
the entire trial was sown early, on 10 November. 
Substantial responses to nitrogen fertiliier were 
found, but only in the presence of phosphate or weed 
control, and responses to phosphate also increased 
in the presence of added nitrogen. Reducing the seed 
rate resulted in a yield decrease; thus current farmer 
seeding rates seem satisfactory. These results suggest 
that nitrogen and phosphate fertilizer, with weed 
control (WC), would produce economic yield 
responses. To test this, partial budgeting was con-

0ducted using yield data from N' p WC' and N P 
WC plots for Jindiress and fora similar trial at Kafr 

Table 2. Management practices inwheat agronomy trials 
on Vertisols in north Syria, 1982/83 and 1983/84. 

Management/ practice Level 
Nitrogen (Ammonium nitrate kg N ha-') 0 

100' 
Phosphte lISP kg 12,0 ha') 0 

60 
Weed control 2, + Itromoxynil + 0 
diclofop methyl' 0.5+1.0 

Seed rate (kg ha") 	 60 

100 
Variety 	 Mexipak
 

(Local)
 
Norting
 
(Improved)
 
Late
 
Early
 

I. 	20 kg N ha at planting, H0 kg ha-' topdressed at start of stem 
extension. 

2 s,,,, t peci hra,/, .,,qtromin I:'d spp., I'hwaarn .Corn

nd/a1,,,rl,,,mh.% 
3. Applied at 0.5 at planting 1.0 kg ai haI at start of stem 

exten3i,,n.
 

4 Rainall i 19N2 83 as 417 mm; in 1983 84, 392 mm.
 

Antoon (35 km northwest of Aleppo), which was 
also located on a Vertisol (Table 3). Very attractive 
rates of return were obtained, indicating that such 
practices have a high likelihood of acceptance. 

In 1983, 84, variety was not tested, but date of 
sowing was included. The similarity of yield 
responses for the 2 years reflect tile similar rainfall 
totals (both below the long-term average). Apart 
from confirming the previous season's results, these 
data highlighted tile important interaction between 
weed control and date of sowing. The farmer prac
tice of late sowing isclearlyaneffective weed-control 
method, reflected by the lack of response to herbi
cide in late-sown wheat. However, early sowing plus 
herbicide use gives substantial yield gains(ICARDA 
1983, 1984). 

I hese results are from one location only, but they 
are similar to results obtained in other areas of Ver
tisols in the wheat-producingareas of West Asia and 
North Africa (FAO 1969). In general, these soils are 
characteriied by low soil fertility and high weed
infestation levels, and it is clear that substantial 
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important to understand the implications of the 
n th r imp oveeffect o rsdTable 3. Partial budget estimates' of local and recom-

wheat on two Vertisols in
mended practices for bread 

management on water use and water-use efficiency.northern Syria. 
If greater dry-matter production is associated with 

Kafr increased water use, risk of crop failure in dry years 
Jindiress Antoon may be enhanced. 

Local practic. Detailed studies were conducted for 3 years at
 
Grain (tha-) 1.44 1.41 Jindiress to assess the effect of fertilizer on moisture
 
Straw (I ha- 1) 2.35 2.16 balances in cereals, using barley as a test crop. Data
 

Recommended practices on the yield, growth component, and water use in
 
Grain (Itha- ') 3.55 2.81 these trials are presented in Table 4. (Full manage-

Straw (than) 5.33 3.55Increaw reI u (SI.) 5.33 3.55 ntcnt details of these trials were reported elsewhereIncreased revenue (SI. hla-')' 

2532.0 1680.0 [ICARI)A 1981, 1982, and 1983]). A full description
Grain 

983.4 458.7 of monitoring of soil moisture, using the neutronStraw 

Total 3515.4 2138.7 back-scattering technique, was given by Cooper et
 

al. (1981). Weeds %kerecontrolled to a uniformly low 
Additional costs (SI. Ila I 

level of infestattor.163.0 163.0
Phosphorus fertili/er
Nitrogen ertili,er 261 .t0261.0(The responses in total dr' nmatter and seed yield to 

Nitrogen application 30.0 30.0 N and P fertili/er reflect those reported for wheat. In 

75.0 the 2 wetter years (1980 81, 1982 83), increa;ed pro-Iferhicide 75.t0 

Ierbicide application 34.t0 34.0 duction was associated with an increase in evapo-


Threshing 307.7 204.2 transpiration (I-T). but in the drier ycar, substantial
 
Bagging 101.1 67.1 yield increases were obtained with no additional
 
Transport (Rajad) 189.9 126.0 water use. This increase in ET in the 2 wetter years
 

'1jal 1161.7 960.3 was accompanied by very large responses in produc-

Net increases in revenue (SI. ha- ) 2353.7 1178.4 tion and, thus, dramatic increases in water-use effi-
Marginal rate of return (t')P 303.) 223.11 ciency (WIE)in all 3 years. 

Similar trials were conducted at other drier local. One tN5$ = approlx6 M)rzanrlit(SII il1952 5.3 

tions on differing soil types, and tile 
1.20; Cereal stra k.0 33; Soperphophate 12) I'). 1.25; Ammio- the evidence obtained at Jindiress that, even in dry 
nitllnitrate 3 N),().87; I .1(1 years or dry locations, large increases in production 

2. [:simates based ion Iolloing price%,lin S1.perkg) Iheadti ,Cat. results support 

' Nil'igen a pp[h;lll I l4;tlag 

for produce, 0 (15;1hrehig cost. ) 15 Itansptll(Rajad) cost. are possible without changes in total ET.An exam

.(ISd 
by tire' I-arining SN',tenls pIe of this is given in Table 5 for 1Breda, in northern(Source.: Mastlet,and farmer ,,,Jt'cs,, 

Syria (350 55'N, 370 10'E), which has a long-termPrograi. CARItilA.) 
3. Increased rccriiies additional cisit. average rainfall of 278 im, on soils classified as 

Calcic Xerosals (FAO) or Typic Calciorthids 
(USDA 1975). 
ET consists of two components, namely, crop 

transpiration (T) and evaporation from the soil 
increases in yield are possible through improved under the crop (E-sc). It has been shown that: 
fertilizer and herbicide use. 

rEWUE 
I + Es/ 

Effects of Fertilizer on Barley Pro
aawhere TE is the transpiration efficiency of the crop, 

-duction and Moisture Dynamics of in units of kg ha-' mm (Cooper 1983), which is 
Vertisols controlled by crop physiological interactions with 

atmospheric demand (Fisher 1981). In dry years, 
Yield and Water Use crop management will largelyaffect WU Ethrougha 

change in the ratio of water lost through soil evapo-

Because the region that ICARDA serves ischarac- ration to that af'tively transpired by the crop. Soil

terized by generally low and erratic rainfall, it is evaporation rates are largely determined by 
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Table 4. Effect of fertilizer' on components of growth, yield, water use, and water-use efficiency (WUE) of barley (cv
Beecher) on a Vertisol in three successive years (1980/81-1982/83)Y at Jindiress, nortiiern Syria. 

1980/81 1981,82 
 1982/83 
-F+,- F 
 -
 +F -F +F 

Crop duration (days from
 
germination to maturity) 
 154 148 186 172 
 185 182

Maximum green area index (GAI) 
 1.8 4.3 1.8 3.7 2.6 
 3.7
-
Total dry matter Itha
 1) 5.43 12.48 4.32 - 8.68 b.92 10.24Grain yield (t ha ) 2.25 5.02 1.44 2.93 2.73 
 4.16

Harvest index 0.41 0.40 (.33 0.34 0.39 0.41Evapotranspiration (mm)' 323 376 323 315 335
WUE (kg ha - ' mm-) 16.8 33.2 13.4 27.5 

359 
20.6 28.5 

Increase inWIU[ (('j) 1,8 105 38 
1, lcrWiapplied: 90 kg N and 90 kg P.)), kg Nand 71kg P,O,perperha in 1980 81"50 ha in198182,and 100kg Nand 60 kg 11,0,per ha
 
in1982 83
 

2. Seastonal rainfall Asas472 mm in198081,35)in1981 82, and 417 in1982 83. 
3. 11 beteen germination and maturit, 
4. WUE oftotalbiologica l sield, 

frequency of wetting of the soil surface (common to two components (Cooper et al. 1983), itwas calcu
allcrops in a given arca) and the amount of incident lated (Cooper 1984) that in farmers' cereal crops that
radiation reaching the soil surface. In this respect, are 
poorly managed and thus have incomplete
the rate and extent of crop-canopydevelopment will ground cover, as little as 207; of ET is actively used
play a major role indetermining the level if intercep- as crop transpiration, and the remaining 80% is lost
tion of radiant energy and, thus, the amount of soil by evaporation from the soil. Thus in dry years and
evaporation occurring beneath the crop. locations, large increases in WUE are possible with

Based on this rationale, by splitting ET into its no increase in water use, but in years of greater 

Table 5. Effect of fertilizer' on )ield, water use, and oater-use efficiency (WUE) of barley (e.v Beecher) on a Typic 
Calciorthid in four successive years (1980/81 to 1983/84)2 at Breda, northern Syria. 

1980/81 1981,82 1982/83 
 1983/84
 

- "F -F F +F
-F -F +F
 

Total dry matter
 
.ield (tha-') 3.84 7.54 4.54 6.13 2.01 3.40 1.37 2.09
 
Grain yield (I ha - ') 1.52 2.58 1.32 2.22 0.90 1.49 0.74 1.16 

Evapotranspiration 
(ET,mm)' 234 225 231 224231 235 171 174 

WUE (kg ha-'mm - ) 16A 33.5 19.7 26.5 9.1 14.5 7.8 12.0 
Increase in WUE ('-) 104 35 61 
 53
 
I.t'ertilicr90kg P10)and 9)) kg N per ha in 1980applied: 81;60 kg P),and (A kg Nper ha in 1981 8210 kg l1.) and 30kg N perha in

1982 83 and 1983 84. riple superphisphate and ammnumiunm nitrate tcnili/er Aere used.
2. Seasonal rainfall %4as299 nun in 1980 81, 324 in198182, 284 in 1982 83. and 217 in 1983 84. 
3. E t betrCen germination and rnaturiiy. 
4. WU|L of total biological yield. 
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moisture supply, improved crop growth will also accumulated water use between cropped and fallow 
result in greater ability of the crop to extract mois- land. However, as the canopy developed and eva
ture. 'rhis isdiscussed further in subsequent sections. porative demand increased (days 89 to 115), both 

crop and fertilizer effects became apparent, and by 
day 132 there were appreciable differences between 

Patterns of Water Use cropped land and fallow, and between fertilized and 
nonfertilized barley. Further differences due to var-

Fertilizer additions may or nay not affect the total icty also became apparent as the crops approached 
water use of the crop, as indicated in Tables 4 and 5, maturity, and these differences were largely due to 
depending on the armount of soil moisture available contrasting rooting patterns. Arabic White develops 
for uptake. howeer, in all years, there were marked a more extensive rooting system than Beecher 
effects on the pattern of seasonal water use. This is (Brown 1984), and thus during the period of soil
due to two reasons. First, the effect of fertilizer on moisture discharge in the soil, it is able to extract 
crop-canopy development was rellected both in more water and maintain higher evapotranspiration 
rates of ET (Fig. 7) and in the apportioning of FT rates. 
into its twvo components (Fig. 8). Second, in l ligher-order polynomial regression curvescanbe 
phosphate-deficient soils, improved nutrition had a fitted to this accumulated water-use data and then 
marked, though variable, effect on the rate of cereal- differentiated to give seasonal changes in rate of 
crop development. Iwo barley varieties, Beecher evapotranspiration. This can also be (lone for 
and Arabic White. when they received phosphorus accumulated pan evaporation data, and seasonal 
fertilizer, had greater leaf emergence rates, earlier changes in El. E, ratios can be calculated. 
anthesis. and earlier maturity (see IFig. 8). When ET is split into its two components, T and 

l)uring the cold \vinter months, when the crop E-sc, it can be seen that fertilizer has pronounced 
canopy was snall, there %kerc no differences in effects on crop-canopy development. This is illus

5
= 
B Beecher
 

A = Arabic White
 
+ = With fertilizer 

4- = Without fertilizer13
 

3~/ //1 A 
-Uj 

* II i I II1 

40 60 80 100 120 140 160 180 200
 
Days after germination (as of 12 Nov 1982)
 

Figure 7. Rates of ET through the growing season for two barley varieties at Jindiress, northern Syria. 
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A - anspiration
" (T) 

' 2.5 A = Date of anthesis 
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F- = Without fertilizer F
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'ys after germination (as of 12 Nov 1982)
 
Figure 8. Effect of fertilizer addition on transpiration and soil evaporation rates of barley (var. Beecher) at 
Jindiress, northern Syria, 1982/83. 

trated for a barley crop at Jindiress (see Fig. 8), but 
the same patterns are observed across location, soil 
type, and year. During the cool winter months, E-sc 
accounted for almost 100% of -T,but as the crop 
canopy developed, T became an increasingly larger 
component, and E-sc rates declined. The greater 
crop canopy of fertiliied crops resulted ingreater T 
and lower F-sc rates. After anthesis, as leaf senes
ence occurred and increased amounts of radiant 
energy reached the soil surface, T values fell and 
there was a corresponding increase in F-sc. (These
effects have been described in more detail in Cooper 

et al. 1983). Fertilizer addition had a dramatic effect 
on the E-sc, T ratio and, hence, on the WUE of the 
crops; Cooper (1984) showed that, over a range of 
years, cereal crops, and locatios,. there were clea, 
relationships between the percentage of ET used asT 
and the grain yield or maximum green area index 
(GAI) achieved by ti crop (Fig. 9). 

Root Production and Moistuie Extraction 

During the last 2ye.rs of the study in Jindiress (see 
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Figure 9. Effect of percentage of ET used as T on grain yield nnd maximum green areE index of cereal crops. 

Table 4), detailed root studies were conducted as 
part of a larger cooperative program of research 
with Reading University, UIK, which isexamining 
the effects of variety, management, soil type, and 
moistu.e supply on the root production of barley 
(Brown 1984, Gregory et al. 1924, Wehbe 1994). 
Impurtant highlights are presented here, using the 
1982/83-season data as exampies. 

Fcrtilizer additions not only resulted ia increased 
shoot dry-matter production but also increased root 
production. which is ;eflected both in root dry 
weight and root length density (Table 6). These large 
increases in root production occurred in the 0-60 cm 
horizon; bel-ow this depth, io detectable effect was 
observed. This rronounced effect of fertilizer on 
root production was observed in three varieties and 
across two contrastirg 1o-itions and years. 

Such increased root proliferation is ieflected in a 
greater ability of the crop to extract moisture from 

the soil."Extractable moisture"can be defined as the 
difference between the maximum amount of mois
ture observed in any given depth interval and that 
recorded at crcp maturity. This definition i. in con
trast to the traditional definition of available mois
ture (a soil characteristic) and allows for the 
interaction of root distibution with soil physical 
characteristics and for an assessment of manage
ment effects on a crop's ability to extract water. 
Figure 10 illustrates the clear relationship between 
the observed extractable moisture in specific soil 
layers and the measued root length density. It is of 
interest that these data were associated across loca
tion, sol: type, year, and fertilizer treatment. 

In addition to increasing acrop'sability to extract 
moisture (reflected in the greate, moisture use in wet 
years), fertilizer application may well reduce soil 
evaporative losses from the surface horizons. In dry 
periods between rainfall, increased rooting density 



Table 6. Effect of fertilizer (N,P) on root dry weight and dependsTable 3),bothd (see on the magnitude of nitrogen responserate of fertilizer application androo t l e n g t h d e n s i t y d i s t r i b u t i o n o f b a r l e y ( c v Bee c h e r ) a t de p i t a ion : r e o f i er e a e s wi t maturity at Jindiress, northern Syria, 1982/83. precipitation: i n c a n gresponse increases with increasingprecipitation. Pooled analysis-- of seed rate (S), nit-Soil depth Root length density (cm cm-')interval (cm) - Fertilizer , Fertilizer 
rogen (N), and phosphate (P) trials (conducted over 

-
3 years and five sites, including .lindiress and Kafr

0-15 Antoon)--incorporated1.93 (38)13.78 (43) the environmental varia
15-30 

bles of total annual rainlall (R), available phospho1.19 (23) 2.03 (23)30-45 0.52 (10) 1.33 (15) rus (PA). and available(nitrate) nitrogen (NA)in the456 .44( 9) 0.8560-75 0.32 (10) top 40 cm. For reasonable rates of seed and phos(6) 0.42 (5) pilate, the grain yield (Y) response for barley (cv75-9090-105 0.26 (5) 0.23 (3) Beecher) to nitrogen increased with rainfall, for0.24 (5) 0.13 (2) example, for the seed105-120 rate of 100 kg ha-', and to0.20 (4) 0.08 (I) phosphate at 90 kg P,05 ha-':
 
Total root weight

(R) (t ha ') 6Y0.51 0.83 ... (kg Y/kg N per mm) = 0.0468 0.00029Shoot weight N 
(S) (t ha-') 6NhR6.92 10.24 The response was positive op to N rates (f 161 kgR/R+S 0.07 0.08 ha-'. 

1. Figures in SFhForr Jindiress, at these rates of Sand P, and whenPA was 4.97 ppm, NA was 8.6 ppm, and the longterm average rainfall was 479 mm, the response to
nitrogen was positive. 
6-- (kg Y/kg N)6N = 21.13 0.14 N 

in surface layers will result ina greater proportion of for N rates up to 154 kg ha- I .ET being used as T than being lost as E-sc. As a result of the influence of precipitation on 
nitrogen response, it is evident from the gross varia-

Nitrogen Application Strategy and bility in seasonal total precipitation at Jindiress thatthe economic optimum amount of N to applyEnvironment 
depends on the season's precipitation. A uniform 

Somel (1984) demonstrated that, in addition to the 
nitrogen fertilizer application strategy will, therefore, be a suboptimal economic solution in
positive responses to N and P fertilizer in the pres- wheat-growing areas of northern Syria (Keatinge 

the
 
etence of weed control observed for wheat at Jindiress al. 1985). In the particular case of Jindiress, the 

Table 7. Probability of receiving more than the specified amount of rainfall between 1 October and the date shown,
Jindiress (Keatinge et al. 1985).
 

RainfallRanal14(mm) I FebRainfall 14 Feb I Mar Feb and15 Mar between ProbabilityI Apr 31 May in % ofyears 

200 0.70 0.84 0.93 0.97225 0.99 135 800.56 0.73 0.86 0.94250 0.97 176 500.43 0.61 0.77 0.89 0.94 227275 200.30 0.48 0.67 0.83 0.89300 0.20 0.36 0.55 0.72 0.81350 0.08 0.18 0.32 0.50 0.62400 0.02 0.06 0.15 0.28 0.40 
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Figure 10. Effect of root length on water extracted for two sites and two years; points plotted are four 
fertilized-refertilized treatments on three different barley varieties. 

probabilities presented in 'Fable 7 indicate that a expect a further 135 mm of rain before 31 May. He 
farmer who has decided to topdress with nitrogen on could additionally attempt to evaluate the possible 
14 February, will have to decide how much N to benefit of a split application of N on, for example, 
apply, with the knowledge that in 5 years out of 10 February I and March 15, by monitoring his rainf.ill 
just less than 275 mm of precipitation will have been and evaluating a trade-off between his increased 
received by that date. Furthermore, there is the certainty of an economic response to the N he pro
probability that in at le: st 8 years out of 10, he can pres to apply and the cost of broadcasting twice. 
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Conclusions 
I. 	 Cereal production on the Vertisol at Jindiress has 

been shown to be highly responsive to improved 
agronomic management, in particular to mea-
sures of weed control and fertilizer application. 

2. 	 The highly variable physical environment is char-
acteristic of the area of Vertisols in Syria and has 
a substantial influence on crop productivity. 
There is a marked interaction between physical 
environmental factors and the economic effec
tiveness of measures of improved management. 

3. 	 Appropriate use of fertilizer application, cultivar 
selection, weed control, seed rate, and sowing 
date may considerably enhance the efficiency of 
soil water use and thus potential crop productiv-
ity. This is usually achieved by the early and 
superior development of the crop canopy, wicii 
permits a greater proportion of the seasonal 
moisture supply to be transpired rather than lost 
as soil evaporation. 

Appendixpe 

Profile Description of Vertisol at 
Jindiress, northern Syria 

Ap 0-20 cm 

Reddish brown (5YR 4/6) silty clay. 

Strong, coarse subangular blocky structure, 

Many deep cracks form polygonal patterns on the
 
surface. 

Cracks are generally I cm wide at 50-cm depth. 

Consistency of dry soil is hard.
 
Few very fine pores, many fine roots.
 
About 1% small (I-5 cm) hard lime concretions
 
(kankar).
 
Few limestones and flintstones (1-2 cm). 

Gradual boundary. 


BI 20-44 cm 

Dull reddish brown (5YR 4/4) clay.
Strong, 
coarse subangular blocky structure, transi-
tion to platy structure, 

Consistency of dry soil is hard, 

Few very fine pores, many fine roots. 

About 1%kankar, few larger stones. 

Gradual boundary. 


B21 44-88 em
 
Dark reddish brown (5YR 3/4) clay.
 
Strong, coarse prismatic structure.
 
Slickensides present on surfaces with their long axes
 
tilted from the horizontal.
 
Consistency of dry soil is hard.
 
Few very fine pores, few roots on ped surfaces.
 
About 1% kankar, locally some (1-3%) distinct soft
 
lime spots (oblong and oval).
 
Gradual boundary.
 

B22 88-130 cm
 
Dull reddish brown (5YR 4/4) clay.
 
Strong, coarse prismatic structure.
 
Wedge-shaped structural aggregates.
 
Very pronounced slickensides on virtually all
 
surfaces.
 
Consistency of dry soil is hard.
 
Very few fine pores, virtually all roots on ped
 
surfaces.
 
About I% kankar, locally some ([-2%) soft lime
 
spots.
 
Irregular boundary.
 

B3 130-140 cm
 
Transitional l3yer, mixture of dull to dark reddish
brown clay, soft white lime, greenish glauconitic
 

material, and rounded-off white to grayish hard

limestone.
 

R >140 cm
 
White to grayish limestone, and light olive-green to
 
brown sandy material, which is heavily cemented
 
below 150-160 cm depth.
 

Source: Described by P. Buringh and K. Harmsen,
 
21/10/80 (Cooper et al. 1981).
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New Approaches to Vertisol Classification
 
and Their Influence on the Transfer of Technology
 

J.A. Comermal 

Abstract 

Based on an interchange of ideas and information with 140 soil scientists through four Circular 

Letters,andthroughfieldobservationsmadeon approximatelJ300 Vertisolsprimarilyin Australia, 

the Sudan, the UnitedStates, and Venezuela, ICOMER T(lnternotioaal('otmmittee on the Classifi

cationcf Vertisols)has made the followingproposalsfor modificationsto the Vertisoldescriptionin 

Soil Taxonomy (USDA 1975): 
It is necessary to quantify the anount ofslickensides an,' tilted parallelepipedsin the control 

section of Veriisols;a minimurn occurrenceof loCf of eitheris suggested. The presence ofgilgaias 

a prerequisitein the generaldefinition of Vertisols is proposed to be waited. 

" 

* 	 A new suborder,the Aqucrts, is suggested;propo.edare great groupsbased on acidt' (DuIstra

querts),duripan(Duraquerts),periodicponding (hEpiaquerts), andabsenceof atn of these three 

criteria(Eutraquerts). 
* 	 The suborderNererts should be subdividedinto those with a duripan(I)uri-) and those without 

(Hvplo-). 
" 	 The suborder Torrertsshould be subdivided into those with a salic horizon (Sali-) and those 

without (Haplo-). 
* 	 The suborders Uderts and Usterts should he subdivided into the acid (Dystr-) and nonacid 

(Eutr-). 
* 	 As new subgroups the following are priposed: chromic, leptic. sodic, mazic, and grumic. 

Redefinition of the following subgroupsis proposed: aeric, aridic. udic, and .eric. 

Risuns 

Nouvelles approches itla classification des Vertisols et leur influence sur le transfert de technologic: 

Fond6 sur un change d'idLes et dinbrmationavec 140 pclologues par I'intermtdiarede quatre 

circulaireset d'observationsde terrainslk'ites surentiron300 Vertisols.principalementen A ustralie, 

au Soudan, aux Etats-Uniset au Vbnczuela, le Coinit6internationaldela classificationdes Vertisols 

(ICOMER T) a fait les propositionssuivantesen ce quiconcerne les modificationsde Ia description 

des Vertisols dans la "Soil Taxonomv"(USDA 1975): 

* 	 11 est ncessairede ddinirquantitativement le nombre des parallfkpipdesinclins et laces de 

glissementdans lasection de contr6ledes Vertisols: unepr6senceminimum de I0Q des uns et des 

autres est envisagte. 11 est suggbrc' de renoncer i la pr~sence de gilgai comme critiredans la 

dblinitiongenbraledes Vertisols. 
* Un nouveau sous-order.les Aquerts. est conseille, les grandsgroupesproposessont fonds sur 

1. 	 Soil Scientist, FONAIAI'-CI NIAl'( Fondo Nacoinal[de Irvestigacioncs Agropecuarias-('entro Nacional de lnsestigaciores Agropecua

rias). Maracay 2000, Venezuela. 

Management of Vertisols for improved agriculturalICR ISAT (International Crops Research Institute for the Semi-Arid Tropics). 1989. 


production: proceedings of an IIISRAM Inaugural Workshop, 18-22 February 1985, ICRISAT Center, India. Patancheru, A.P. 502 324,
 

India: ICRISAT. 
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I 'acidit4(Dystraquerts),duripan (Duraquerts), inondation priodique(Epiaquerts), et1 'absence
de Pun de ces troiscrit&res (Eutraquerts).

* 	 Lesous-ordre des Xererts devrait &tresubdivis6 entreceux qui ont un duripan (Duri-) et ceux qui
n 'en ont pas (Haplo-).

* 	 Le sous-ordre des Torrerts devrait &,re subdivis6 entrecezix qui ont un horizon salique iSali-) et 
ceux qui n 'cn ont pas (Haplo-).

* 	 Les sous-ordres de" Uderts et des Usterts devraient tre divis6s en groupes acides (Divstr-) et non 
acide (Eutr-).

* Comme nouveau.x sous-groupes, on propose les suivants: chromique, leptique, sodique, maziqueet grurnique, 1Ine nouvelle d~finitiondes sous-groupes suivants est proposce : acrique,aridique,
udique et .\'rique. 

Introduction 

Clay soils, subjected to considerable changes in 
volume when wet and dry, cover around 260 million
ha in the world (l1okhiis 1982). Most of those soils 
are grouped under the name of Vertisols in Soil 
Taxonomy (USDA 1975), as well as in the French
Svstem (l.Iuchafour 1970) and in the L.ege.d to the 
Soil Map of the World (F-AO UNESCO 1974). 
Especially in tropical and subtropical regions, these 
soils represent impoitant current and potential soil 
resour es, riainly due to their natural lertiligv and 
high \%,ater-holding capacity.


Little inlormation wais received 
 from soil scient-
ists in the tropical and subtropical latitudes during
de\elopmnent of the Soil Iaxtruomv. Presently, how-
eser. soils in most of these area,, are being classified 
according to Soil laxornmy, and it has become 
e\ident that the Soil laxonomy mlust be made more 
adequate and reprcsentatic hor its use in tropical
and subtropical regions. It is it) this respect that the 
Soil '.otseration Ser, ice ol the ISI)DA has created 
several International (otmmittees to coordinate the 
proposals that soil scientists throughout the world 
may haie n possible modifications to Soil laxon-
otny. In 1981, an International (ommittee ott 	 the 
Cassilicatikt of \/ertisols (ICOMF'RI) \was
 
established.
 

Ihis paper presents a 
 re%iew of the most impor-

tant items discussed and agreed through four Circular L.etters of 
 ICOMERI arid includes the last 

proposed key for the order Vertisols. 


The Circular Letters 

ICOM-R Y has been working primarily by using a 
system of Circular I.etters. As Chairman of the 

Committee, I developed the first Letter from my 
own observations and studies of the soils underquestion; I then sent the letter to a large number of 
scientists interested in the specific problem. From
the answers received, plus any other information 
gathered, the next l.etters, in turn, tried to present a 
balance of'the different points of view. Followirg is a sumnmary of the discussions that took place in the 
ICOM ERI Circulars. 

First Circular 

The First Circular was prepared and sent during
1981. The main problems presented were (I) the 
poor relationship between field drainage and taxo
nomic class and (2) the need to include acidity and 
calcareous nature as criteria at the family level. 

The problems and suggestions related to the way
lield drainage isconsidered by Soil Taxonomly were 
derived 'ront research done in Vene/uelat (Cotierma
el al. 1978), where the new suborder, Aquerts, was 
introduced. hlie suggestions related to acidity and 
calcareous nature were derived from Trinidad
 
(Smith 1975) and Vtentuela (FNIA 1976), where
 
new families were proposed. 

Second Circular 

The second circular, in 1982, presented as main
 
items of'discussion the objections and some propos
als in relation to the new suborder, Aquerts, and a 
new definition of an aquic moisture regime for these
soils. Stagnant water ot the soil surface for about 3months, as the core of the definition, raised several 
doubts. A shorter time of water stagnation, or evenareas without any water on the soil surface, were
proposed by some to be included in the new defini
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tion of an aquic regime. 
In relation to calcareous families, there were no 

objections; but acidity as a criterion for family was 
controversial. Many scientists thought that, due to 
the stability of this characteristic in this kind of soil, 
it might be worth considering acidity at a higher 
taxonomic level, such as the subgroup or even great 
group level. 

Finally, several new potential problems in the 
classification of Vertisols were presented. These 
included: whether sodium should he used asa eriter-
ion to establish a separate soil taxon; whether to 
separate the difierent kinds of soil structure and 
consistence of tile surfice horizons into ma/ic and 
grumic; whether Vertisols should be separated by 
depth (shallow and deep), by argillic hoizons (with 
and without), and by gilgai (with and without). All 
these points, together with tie rationale for their 
consideration, were included in the Third Circular 
Letter. 

Third Circular 

In 1983, the Third Circular Letter summarized the 
various opinions received and presented the follow-
ing tentative conclu,'.ons: 
1. To eliminate gilgai asa typical characteristic that. 

along with tile amount of clay, cracks, and depth, 
defines Vertisol at the order level. 

2. 	To test decreasing tile required depth of 50 cm to 
30 cm, whenever there is evidence of intersecting 
slickensides or of tilted parallelepipeds. 

3. 	To discuss whether slickensides should be diaL-
nostic for Vertisols if tile, occur at depths deeper 
than I m. 

4. 	 To tentatively subdivide tile stuborder Aquerts 
into I)ystr-. Eutr-. and Plan-, according to their 
base saturation in 'he upper meter and to whether 
they flood. 

5. 	To divide tile Usterts into l)ystr-, Orth-, and 
Eutr-. again hased ol the base saturation and tile 
presence of gilgai. 

6. 	To divide tile Torrets with the same criteria as the 
Orthids (Sali-. Pale-, I)uri-, Calci-. and Ilaplo-). 

Fourth Circular 

In 1984, with the Fourth Circular letter, and after 
several tours and discussions (Comernma 1985a,b), 
the following tentative agreements were reached: 

General definition of Vertisols. It was agreed that 
( I) gilgai should not be retained in the general defini
tion; (2) the depth of occurrence of slickensides aid 
the minimum depth established in Soil Taxonomy 
should stay as it is, and (3) a quantification of the 
minimum amount of slickensides and/ or tilted par
allelepipeds in the control section should be added. 

New suborders. For the Aquerts, a speciai aquic 
moisture regime applied to this kind of soil was 
developed. Instead of tile auger-hole method to 
detect a water table, it was suggested that piezome
ters, ten:siometers, or dyes should be used to detect 
iron or manganese in the reduced stage. 

A new suborder, the Monerts. was suggested (Ali 
et al. 1982) to be applied to areas subjected to a 
monsoonal climate. Monerts would have their 
cracks opening and closing only once during the 
year. Several objections were raised about the exclu
siveness of this behavior to only monsoon climates, 
and consequently this suggestion was not accepted 
for inclusion in tile key. 

Changes in great groups. As tile main separation 
relating to drainage was now considered at tile sub
order lesel with the proposed inclusion of Aqiterts, 
the criterion suggested was to separate the acid and 
nonacid \'ertisols (I)vstr- and Eutr-) in the Aquerts, 
Uderts. and Usterts. The use of pH instead o-alumi
liul or base sat uration isd ubious, ts t, ailable d;ta 

are inadequate: the same is the case for the exclu';ion 
from acid Vertisols of those with a pil ;.ss thaln 5 hut 
with s~dts higher thaa 0.4 S in- . 

The great group Planaquerts was seriously 
objecteJ to, beca use of th,: similarity of its na be to 
Planosols, and %%ias reptL.d by Epiaquerts: this 
name, howe er, also requires modification in its 
present use in Soil laxonomy. 

After several discussions on the convenience and 
practicality of identilying leatur-s in the field, the 
great groups of the Iorrerts were di\ided into those 
\with a salic hori/on or \with a temporary slturation 
\with water, and those wkit!'out those leatures; tile 
ones that. ii addition, were rich in sodiumi were left 
for the sublgrot F lesel, because tihe%' arc difficult to 
identify in thlie hle. 

In tile Aquert its \kell as in the Xerert.,. cases with 
a duripan were seen in the field, a great group was 

created for those and included. 

Changes at subgroup level. Several new names for 
subgroups, as wellias modifications of those already 
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in use, were considered necessary. The new names 
include: 
" Chromic, to separate the light-colored ones from 

tie ones considered typic: 
" Leptic, to include those witi featires of Vertisols 

within 50 cm, but not within I inl or more: 
* 	 Sodic, for those with an exchangeable sodium 

percentage (-lSP) of 15 or a sodium absorption 
ratio (SAR) of - 13 within I meter: 


* 
 Maic and grumic for the type of structural con-
dition at tile U,uIrce hori/ons. 

The redefined names include those related to div-
isions wilhin the pre\ailing moisaure regime that are 
known to affect the use of the soils ill a definite 
manner: soi aridic. ustic, edic. and xeric were rede
fined, based on th length of iie tie cracks remain 
open during the year. 

Changes at faumily level. Ilr addition to tile use 1 
fine and \ery fine textures aid Of l lineralogv tor 
classifying lamilies., the proposal is to include cal-
careoUs arid nioricalcarelus 1,railiCs. detined teon 
basis of reaction or not in tile field, to I1(1 inl tie 
upper M0 cmi. 

According to tile rationale and teirtatit stoltitlmitiS 
that hc heengiirenaho\e, iCO'(M!R I presented in 
the Fourth ('ircular Ietter tile Proposed Key (see
Apperdix) h01 tile cOrSiderition l inter-of ,voie 
ested ill tile classificatioi of \'ertiSOls. !he (oMMit-
tee is still ttiitirig, arid corLiciits rIray be sent to 
rile I'r inclusion imuthe next Circular Letter. 

Appendix 

ICOMERT: Proposed Key to the Order of 
Vertisols 

D. (Vertisols are) otier soils that 
I Doo.not have a lithic or paralithic contact, petro-

calcic horizoi, or duripan within 50 cin of tile 
surface: and 

2. After the soil to a depth of 18 cm has been riixed, 
as by plowing, have 30(' or more clay in all 
subhorizons to a depth of 50 cm or more: and 

3. Have at some time in most years, unless irrigated 

or cultivated, open cracks' at a depth of 50 cm 
that are at least I cm wide and extend upward to 
the surface or to the base of the plow layer or 
surface crust: and 

4. 	 letween a depth of 25 cm and I in or to a lithic or 
paralithic contact, a petrocalcic horizon, or a 
duripan, have 10"i or more (as a weighted aver
age) of tire aggregates or of the major ped surfa
ces constituted by either: 
a. wedge-shaped aggregates, or 
h. slickensides close enough to intersect. 
In both cases they should have their long axis 
tilted 10 to 60' from the hori/ontal, to be 
accountable. 

Suborders 

Vertisols that lack a salic hori/on whose upper 
boundary , withi 75 cni ofthesurfa ceand ha 'ean 
aquic Illoisture regime orare artificially drained and 
ha.e within 50 cii of the surface, iii more than half of 
each pedori. doninatt color 2(noist) on ped faces, or 
imthe mattix if peds are absent, as follows: 
I. 	 If there is mottling, chroma is 2 or less; or 
I. 	 If there is no mottling. chrorna is I or less. 

Aquerfs 
I)3. Other Vertisols that have a theritnic, tiesie, or 
trigid soil terlperature regime and, unless irrigated, 
hae cracks that open arnd close once each year and 
reniaini open for 00 consecutiye days or nmore in tire 
90 days t(;Ihlowing tile sulmner solstice in more than 7 
out of 10 yers. but that are closed for60 consecutive 
days or more during the 90 days following tlie winter 
solstice. 

Xererts 
I)C. Other Vertisol- that have, iil most years, cracksthat either renain open throughout tire year or are 
closed for less than 60 consecutive days at a period
when the soil temperature at a depth of 50 cm is 
continuously higher than VC, or are saturated 
wihin I ill of the surlace bfr I mlonth or more ill 
some \ears and have at salic hori/on whose Lipper 
boundary is within 75 cm lof tire surface. 

'rorrerts 
)). Other Vertisols that have cracks that open and 

close one or more times during the year ill most 
years, but doinot renain open for as many as 90 
cumulative days in most years. 

216 



Uderts Dystruderts 

DE. Other Vertisols DDB. Other Uderts 
Usterts Eutruderts 

Usterts 
Great Groups DEA. Usterts that, having an EC of the saturation 

extract less than 4 mmhos/cm (0.4 S m-1) at 25 0 C, 
Aquei s have a pH 5.0 or less in 1:1 water or4.5 in 0.01 M 
DAA. Aquerts that, having an EC of the saturation CaCI2 in the major part of the upper 50 cm in more 
extract less than 4 mmhos/cm (0.4 S m-1) at 250C, than half of each pedon. 
have a pH of 5.0 or less in 1:1 water or4.5 in 0.01 M 
CaCI2 in the major part of the upper 50 cm in more Dystrusterts 
than half of each pedon. DEB. Other Usterts. 

Eutrusterts 
Dystraquerts 

DAB. Other Aquerts that have a duripan with its Subgroups 
upper boundary within I m of the surface. 

Dystraquerts. Typic Dystraquerts are the Dystra
Duraquer's querts that 

DAC. Other Aquertsthataresubjecttoatleasta few a. Have in 60 percent or more of the matrix in all 

continuous days of pondingeach year in more than 7 subhorizons down to a depth of 75 cm one or 
out of 10 years. more of the following: 

I. If mottled and if hue is 2.5Y or redder and the 
Epiaquerts value, moist, is >5, the chroma, moist, is 2 or 

DAD. Other Aquerts less; if the value, moist, is 5 or less, the 
Eutraquerts chroma, moist, is I or less; 

2. If mottled and the hue is yellower than 2.5Y, 
Xererts the chroma, moist, is 2 or less; 
DBA. Xererts that have a duripan with its upper 3. The chroma, moist, is I or less whether 
boundary within I m of the surface, mottled or not. 

b. Do not have within a depth of I m from the soil 
Durixererts surface, any layer, horizon, or contact, ex.cept a 

DBB. Other Xererts. duripan, that interrupts the presence of slicken-
Haploxererts sides and/ or wedge-shaped aggregates. 

c. Do not have either of the following: 
Torrerts I. Jarosite mottles and a pH between 3.5 and 4.0 
DCA. Torrerts that have a salic horizon whose (1:1 water, air-dried slowly in shade) in some 
upper boundary is within 75 cm of the surface and subhorizon within 50 cm of the soil surface; or 
are saturated with water within a depth of I m for 1 2. Jarosite mottles and a pH <4 (1:1 water, air
month or more in some years or are artificially dried slowly in shade) in some subhorizon 
drained, between depths of 50 and 100 cm from the soil 

surface. 
Salitorrerts d. Have both of the following: 

DCB. Other Torrerts. I. cracks that open and close one or more times 
Haplotorrerts during the year in most years, and remain 

open for 150 or more cumulative days; and 
Uderts 2. cracks that are closed for 60 consecutive days 

DDA. Uderts that, having an EC of the saturation or more in most years at a time when the soil 
-extract less than 4 mmhos/cm (0.4 S m 1)at 250C, temperature at a depth of 50 cm is continu

have a pH 5.0 or less in 1:1 water or 4.5 in 0.01 M ously above 8°C.
 
CaCI2 in the major part of the upper 50 cm in more Aerie Dystraquerts are like the Typic Dystraquerts
 
than half of each pedon. except for a.
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Leptic Dystraquerts are like the Typic Dystraquerts 
except for b. 
Sulfic Dystraquerts are like the Typic Dystraquerts 
except for c. 
Udic Dystraquerts are like the Typic Dystraquerts 
except for d(I). 
Xeric Dystraquerts are like the Typic Dystraquerts 
except for d(2). 

Duraquerts. Typic Duraquerts are the Duraquerts
that 

a. 	 Have in 60 percent or more of the matrix in all 
subhorizons down to a depth of 75 cm one or 
more of the following: 
I. 	 If mottled and if hue is 2.5Y or redder and the 

value, moist, is >5, the chroma, moist, is 2 or 
less; if the value, moist, is 5 or less, the 
chroma, moist, is I or less: 

2. 	 If mottled and the hue isyellower than 2.5Y,
the chroma, moist, is 2 or less; 

3. 	The chroma, moist, is I or less whether 
mottled or not. 

b. 	Have cracks that open oncea year for60 consecu-
tive days or more inthe 90 days following tie 
summer solstice, and have a thermic, mesic, or 
frigid soil temperature regime. 
Aerie Duraquerts are like the Typic Duraquerts 
except for a. 
Ustic Duraquerts are like the Typic Duraquerts 
except for b. 

Epiaquerts. Typic Epiaquerts are the Epiaquerts 
that 
a. 	 Have in 60 percent or more of the matrix in all 

subhorizons down to a depth of 75 cm one or 
more of the following: 
1. lmottled and if hue is 2.51' or redderand the 

value, moist, is .-5,the chroma, moist, is 2 or 
less; if the value, moist, is 5 or less, the 
chroma, moist, is I or less; 

2. 	 If mottled and the hue is yellower than 2.5Y, 
the chroma, moist, is 2 or less; 

3. 	 The chroma, moist, is 	 I or less whether 
mottled or not. 

b. 	 Do not have within a depth of I m of the soil 

surface, any layer, horizon, or contact that inter-

rupts the presence of slickensides and/ or wedge-
shaped aggregates. 

c. [)o not have within a depth of I m any subho-
rizon with a value of 15 exchangeable sodium 
percentage (ESP) or 13 sodium absorption ratio 
(SAR) or more. 

d. 	 Have both of the following: 
I. 	 cracks that open and close one or more times 

during the year in most years, and remain 
open for 150 or more cumulative days; and 

2. 	cracks that are closed for 60 consecutive days 
or more in most years at a time when the soil 
temperature at a depth of 50 cm is continu
ously above 8°C. 

Aeric Epiaquerts are like the Typic Epiaquerts 
except for a. 
Leptic Epiaquerts are like the Typic Epiaquerts 
except for b. 
Sodic Epiaquerts are like the Typic Epiaquerts 
except for c. 
Udic Epiaquerts are like the Typic Epiaquerts except 
for d(l ). 
Xeric Epiaquerts are like the Typic Epiaquerts 
except for d(2). 

Eutraquerts. Typic Eutraquerts are the Eutra
querts that 
a. 	 Have in 60 perc-nt or more of the matrix in all 

subhorizons down to a (,-th of 75 cm, one or 
more of the following: 
I. 	 If mottled and if hue is 2.5Y or redderand the 

value, moist, is >5, the chroma, moist, is 2 or 
less; if tie value, moist, is 5 or less, the 
chroma, moist, is I or less; 

2. 	 If mottled and the hue is yellower than 2.5Y, 
the chroma, moist, is 2 or less; 

3. 	The chroma, moist, is 	 I or less whether 
mottled or not. 

b.Do not have within a depth of I m from the soilsurface, any layer, horizon, or contact that inter
rupts the presence of slickensides and/ or wedge
shaped aggregates. 

c. 	 Do not have within a depth of I m any subho
rizon with a value of 15 ESP 
or 13 SAR or more. 

d. 	 Have both of the following: 
I. 	cracks that open and close one or more times 

during the year in most years, but do not 
remain open for as many as 90 cumulative 
days; arid 

2. 	cracks that are closed for 60 consecutive days 
or more in most years at a time when the soil 
temperature at a depth of 50 cm is continu
ously above 8'C. 

Acrie Eutraquerts are like the rypic Eutraquerts 
except for a. 
Leptic Eutraquerts are like the Typic Eutraquerts 
except for b. 
Sodic Eutraquerts are like the Typic Eutraquerts 
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except for c. 

Ustic Eutraquerts are like the Typic Eutraquerts 

except for d( I). 

Xeric Eutraquerts are like the Typic Eutraquerts 

except for d(2). 


Durixererts. rhe Typic Durixererts are the 

Durixererts that 

a. 	Have chromas, moist, of I or less throughout the 

upper 30 cm in more than half of each pedon. 
b. 	 Have a platy or massive duripan that isinduraied 

in some subhorizon. 
c. 	 Have cracks that open once ayear for 90 to 180 

consecutive days. 
Aridic Durixererts are like the Typic Durixererts 
except for c and the cracks are open once a year for 
more than 180 consecutive days. 
Chromic Durixererts are like the Typic Durixererts 
except for a. 
Haplic Durixererts are like the Typic Durixererts 
except for b. 
Udic Durixererts are like the Typic 1)urixeerts 
except "or c and the cracks are open once a year for 
less than 90 consecutive days. 

Haploxererts. The Typic Haploxererts are tile 
Haploxererts that 
a. 	 Have chromas, moist, of I or less throughout the 

upper 30 cm in more than half of each pedon. 
b. )o not have within a depth of I il from the soil 

surface, any layer, horizon, or contact that inter-
rupts the presence ot slickensides and, or 'edge-
shaped aggregates. 

c. 	Have cracks that open once a year for 90 to 180 
consecutise days. 

Aridic Haploxererts arr like the Typic Haploxererts 
except for c and the cracks are open once a year for 
more than 180 consecutive days. 
Chromic Ilaploxererts are like the Typic Haploxe-
rerts except for a. 
Leptic Haploxererts are like tileTypic Hlaploxererts 
except for b. 
Udic Haploxererts are like tilethe Typic Haploxe-
rerts except for c and tilecracks are open once a year 
for less than 90 consecutive days. 

Salitorrerts. The Typic Salitorrerts are the Salitor-
rerts that 
1.Have a salic horiion with its tipper boundary 

within 75 cm from the surface and are either 
saturated within I m of the surface for I month or 
more in some years or are artificially drained. 

Haplotorrerts. The Typic Haplotorrerts are the 
Haplotorrerts that 
a. 	Do not have within a depth of I m from the soil 

surface, any layer, horizon, or contact that inter
rupts the presence of slickensides and/or wedge
shaped aggregates. 

Leptic Haplotorrerts are like the Typic Haplotor
rerts except for a. 

Dystruderts. The Typic Dystruderts are the Dys
truderts that 
a. 	 Have chromas, moist, of I or less throughout the 

upper 30 cm in more than half of each pedon. 
b. Do not have within a depth of I i from the soil 

surface, any layer, horizon, or contact that inter
rupts the presence of slickensides and/ or wedge
shaped aggregates. 

Chromic Dystruderts are like the Typic Dystruderts
 
except for a.
 
Leptic Dystruderts are like the typic Dystruderts
 
except for b.
 

Eutruderts. The Typic Eutruderts are the Eutru
derts that 
a. 	 Have chromas, moist, of I or less throughout the 

upper 30 cm in more than half of each pedon. 
b. ) o not have within a depth of I ni from the soil 

su, face, any layer, horizon, or contact that inter
rupts the presence of slickensides and! or wedge
shaped aggregates. 

Chromnic Eutruderts are like the Typic Eutruderts
 
except for a.
 
Leptic -utruderts are like the Typic Eutruderts
 
except for b.
 

Dystrusterts. The Typic Dystrusterns are the Dys
trusterts that 
a. 	 Have chromas, moist, of I or less throughout tile 

upper 30 cm in more than ",alf of each pedon. 
b.Do not have within a depth of I m from the soil 

surface, any layer, horizon, or contat that inter
rupts tilepresence of slickensides and/ or wedge
shaped aggregates. 

c. 	Have cracks that are open one or more times 
during the year in most years and remain open for 
150 to 210 cumulative days. 

Aridic I)ystrusterts are like the Fypic Dystrusterts 
except for c and their cracks remain open for more 
than 210 cuLulative (lays. 
Chromic Dystrustcrts are like theTypic Dystrusterts 
except for a. 
l.eptic Dystrusterts are like the Typic Dystrusterts 

219 



except for b. 

Udic Dystrusterts are 
like the Typic Drystrusterts 
except for c and their cracks remain open for less 
than 150 cumulative days. 

Eutrusterts. The Typic Eutrusterts are the Eutrus-
terts that 
a. Have chromas, moist, of I or less throughout the 

upper 30 cm in more than half of each pedon.
b. 	 Do not have within a depth of I m from the soil 

surface, any layer, horizon, or conact that inter-
rupts the presence of slickensides and,' or wedge-
shaped aggregates. 

c. 	Do not have within a depth of I m any subho-
rizon with a value of 15 ESP or 13 SAR or more.d. Have cracks that are open one or more times 
during the year in most yearsand remain open for 
150 to 210 cum mulative days. 

Aridic Eutrusterts are like Typic Eutrusterts except
ford and theircracks remain open for more than 210 
cumulative days. 
Chromic Eutrusterts are like Typic ltutrusterts 
except for a. 
Leptic Eutrusterts are like Typic Eutrusterts except
for b. 
Sodic Eutrusterts are like Typic Eutrasterts except 
for c. 
Udic Eutrusterts are like Typic Eutrusterts except
for d and their cracks remain open for less than 150 
cumulative days. 
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Using Soil Survey Interpretations for Vertisols 
in Land-Use Planning 

Joe D. Nichols' 

Abstract 

Vertisols cover about 9 million ha in the continentalUnited States. All seven greatgroups in the 
Vertisol order and 2.3 of the 25 subgroups are represented. Soil temperatureregimes range from 
hyperthermic to frigid; soil moisture regimesrangefrom udic to aridic. 

This paperpresents the kinds ofsoil survey interpretationsappliedin the UnitedStates;for thi,
the soilseries Houston Black clay and Lake CharlesMapping Unit (both Vertisols) are used to
provideexamples. In addition,there is information on where the interpretationscan be found and 
how they areused; most of theinterpretationsused insoilsurvevs in the UnitedStates arediscussed. 

RWsum6 

Utilisation des interpretations de cartes pidologiques pour les Vertisols pour la planificalion de
I'utilisation des terres: Les Vertisolscomprennenten t'iron9 millionsd'hectaressurle continentdes
Etats-Unis.Les septgrandsgroupesdans I rdre Vertisolet 23 des 25sous-groupessont repr~sent6s.
Les rcgimes de temperaturedu ol varient d h)'perthermihuei frigide; les r6gimesd umidit6du sol 
varientd'udique z aridique. 

Cet articlepr~sente les diflirentesinterpretationsutilis6cspourles Vertisols aux Etats-Unis. Les 
s6ries du sol "Houston Black Cla ' "et "Lake CharlesMapping Unit "(toutesles deux Vertisols) sont
fournies comine exemples. En plus, on fournit des inlormationssur l'endroito6 les interpr~tations 
peuvent etretrouvtes et comment eiessont utilis~es.La plupartdes interpretationsutilis6esdansles 
rartesptdoloyiqucs aux Eta ts-Unissont donnees. 

Introduction purposes, because their high shrink-swell potential 
and clayey textures complicate their use for houses,Vertisols cover about 9 million ha in the continental streets, roads, and any excavations.

United States (Fig. 1); over one-half this area is in The U.S. Department of Agriculture's (USDA)
the State of Texas. Vertisols are important for agri- Soil Conservation Service (SCS) has classified soils
culture because of their generally smooth topo- in the United States intoall sevengreat groups in the
graphv and their occurrence in areas that already Vertisol order and 23 of the 25 subgroups. Soil
have farming and cattle-raising operations, temperature regimes ra,'ge from hyperthermic to
Although rainfall issomewhat limited in most areas, frigid, soil moisture regimes from udic toaridic. Soil 
crops can be grown on Vertisols that occur in the Taxonomy (USDA 1975) provides information on
udic and ustic noisture regimes. Interpretations for texture, moisture and temperature regimes, and clay
these soils are also important for nonagricultural mineralogy inherent in this system of soil classifica-

I. [lead, Soils Staff, South National -echnical Center, US)A, Soil Conservation Service, 11.o. Box 6567, Fort Worth, Texas 76115, USA. 

ICR ISAT (International Crcps Re earch Institute for the Semi-Arid Tropics). 1989. Management of Vertisols for improved agriculturalproduction: proceedings of an IBSRAM Inaugural Workshop. 18-22 February 1985, ICRISAT Center, India. Patancheru, A.P. 502 324, 
India: ICRISAT. 

221 



o.2.2 o2 58 I 

Ei -1 5-o ; 'U o
]2 


SOURCE:~ adReore
Ma fMjo Aa
~ ~ (MR)o thUnedStsJury18 

Fig23
1. 
 etsl nteUntdSae 
fA eiaa b36iuino nM
ecntg 
 jrLn eoreAes
 



tion. Interpretative information in the National 
Cooperative Soil Survey program in the United 
States is mainly transferred at the soil series level, 

Soil Survey Interpretations and Their 
Use 

Soil survey interpretations are predi'ctions of soil 
behavior for specified land uses and specified man-
agement practices. They are based on th, soil prop-
erties that directly influence the specified ise of the 
soil. 

Soil surveys in the United States inclide both 
detailed and general soil maps, and interpretations 
are made for both taxonomic and mapping units. 
Coordinated soil survey interpretations, by taxo-
nomic units, are compiled from a soil interpretations 
record, Form SCS-SOI-5. The data on this record 
are also stored in a database at the University of 
Iowa, Ames, Iowa, which enables cross-checking 
and checking for compatibility with established 
guidelines, and printing of the data in various for-
mats. These soil surveys and the resulting data, then, 
form the basic data for soil survey interpretations. 
These basic data plus dat from the SCS field office 
technical guides are included in soil survey publica-
tions, which describe soil mapping units. The 
Appendix provides an example of a description of a 
mapping unit of Houston Black clay, I to 31' slopes, 
from the Soil Survey of Tarrant County, Texas 
(USDA 1981). 
The technical guide in each SCS field office con

tains the soil survey interpretations that are a part of 
soil survey publications. In addition, these guides 
detail proced ures for various projects, which enable 
SCS employees to give direct assistance to those who 
use the land. Some of this specific information 
includes how to drain fields and how to design and 
construct field terraces, diversions, and waterways. 
Other available local information includes material 
gained from experience, including how to imple-
ment no-till, stubble mulch, stripcropping, and 
other conservation practices. Detailed information 
on various types of irrigation is available in areas 
where land is irrigated. Information is alsoavailable 
to assist the conservationist in using the Universal 
Soil Loss Equation (USDA 1978). 

Information for using the unique properties of 
Vertisols is introduced at the local level rather than 
at the level of soil survey interpretations. Three 

primary uses of soil interpretations include rating 
soil potential, providing evaluations for land and 
assessments of sites for various purposes, and identi
fying soil moisture needs. 

Soil Potential Ratings 

Soil potential ratings indicate the relative quality of 

a soil for a particular use, compared with other soils 
in a given area (USDA 1983). Yield or performance 
level, the relative cost of applying modern technol
ogy to minimize the effects of any soil limitations, 
and the adverse effects of continuing limitations, if 
any, on social, economic, or environmental values 
are considered. The criteria for developing soil 
potential ratings for a particular use are established 
specifically for the area for which the ratings are 
made. 

Soil potential ratings are developed primarily for 
planning purposes and are not intendLtd as recom
mendation' mr soil use. They help decisionmakers 
determine the relbtive suitability of soils for a given 
use and, along with other resource information, pro
vide a guide for land-use decisions. Soil potential 
ratings supplement the land capability classes, 
woodland suitability groups, range sites, soil limita
tion ratings, and other soil interpretations in soil 
handbooks and technical guides. 

Several papers on developing soil potential rat
ings have been published (McCormack 1974, Guth
rieand Latshaw 1980, Brasfield 1984). 

Land Evaluation and Site Assessment 
(LESA) 

In agricultural land evaluation, soils of a given area 
are rated and placed into groups ranging from the 
best to the most suitable fora stated agricultural use, 
such as cropland, forest land, or rangeland. The best 
group is assigned a value of 100, and all othergroups 
are assigned lower values. The site assessment identi
fies important factors other than soils, which con
tribute to the quality of atsite for agricultural use. 
Each factor selected is stratified into a range of 
possible values in accordance with local needs and 
objectives. 

Thus. LESA scores combine a value for land eva
luation with a value for site assessment to determine 
the total value for agriculture. The higher the total 
value of a site, the higher the economic viability of 
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the site for agriculture. Information on LESA is 
contained in the National Agricultural Land Eva-
luation and Site Assessment Handbook (USDA 
1979); explanations of the system are also available 
(Dunford et al. 1983, Wright et al. 1983). 

Soil Moisture Information 

Information on soil moisture is a part of the soil 
classification system; however, information on 
available water capacity and permeability is also 
given in soil survey interpretations. A model for 
generating data on soil-moisture regime for soil clas-
sification (USDA 1975) can be used on days the 
soil-control sections are either dry or moist, 

Models that give more precise information on soil 
moisture for specific crops are currently being deve-
loped and tested. One such model uses data on soil, 
plant consumptive use, ai;d climate to predict how 
much and when soil moisture will be available for 
plant growth. This information has been developed
for use with no special equipment (personal corres-
pondence, Robert Grossman, National Soil Survey
Laboratory, SCS, MNTC, Lincoln, Nebraska). 

Other, more sophisticated computerized models are 

also under development, 


Examples of Interpretations 

Using the soil series Houston Black clay, mapping 
unit 34, described in the Appendix, and Lake Cha
rles, mapping unit L.cA, we can provide examples o' 
soil survey interpretations that have been done on 
Vertisols in tileUnited States. This exercise may
provide an example of a methodology useful for 
storing information for transfer in a Vertisol net-
work. All examples are from USDA 1981. 

Some ratings are shown as limitations. The limita-

tions are considered "slight" if soil properties and 
site features are generally favorable for the indicated 
useand iflimitationsareminorand easilyovercome; 
"moderate" if soil properties or site features are not 
favorable for the indicated use and if special plan
ning, design, or maintenance is needed to overcome 
or minimize the limitations; and "severe" if soil
properties or site features are so unfavorable or 
difficult to overcome that special design, significant
increase in construction costs, and possibly 
increased maintenance, intensive maintenance, 
limited use, or a combination of these are required.

A rating of "good" usually indicates that the soil is 
suitable for use without many problems. Soil that 
has a rating of "fair" is usually suitable for use with 
some problems or modifications needed. A soil rated 
"poor" is not suitable for the use or is suitable only 
with major modifications. 

Yields per Hectare 

Estimates are made of average yields (per ha) that 
can be expected of tileprincipal crops under a high
level of management (Table I). In any given year,
yields may be higher or lower than those indicated in 
the Table because of variations in rainfall and other 
climatic factors. Yield estimates are based mainly on 
the experience and records offarmers, conservation
ists, and extension agents. Available data fromneamby counties and results of field trials and dem
onstrations ire also considered. 

Land Capability Classification 

In a general way, the suitability of soils for use as 
cropland is shown by land capability classification. 
Crops that require special management atre 
excluded. The soils are grouped according tc their 
limitations for field crops, the risk of damage if they 

Table 1.Average expected yields per hectare of crops and pasture, under high level of management (USDA 1981). 
Gra in Colton ImprovedMap symbol sorghum Wheat Oats lint bermudagrassand soil name (kg ha-') (kg ha-') (kg ha-') (kg ha-') (AUM)' 

34- Ilouston Black 5400 2300 3400 610 9.5 
XSUM= Animal units,modified.
 



Table 2. Average expected rangeland productivity (USDA 198!). 

Esr'mated productivity (kg ha-1) 
Map symbol Range site Favorable Average Unfavorable 
and soil name name year year year 
34-Houston Black Blackland 7750 6750 4000 

are used for crops, and the way they respond to 
management. Not included in this grouping of soils 
are those that require major, and generally expen-
sive, landforming that would change slope, depth, or 
other characteristics of the soils; soils that require 
possible but unlikely major reclamation projects are 
also excluded, 

Prime Farmland Soils 

Prime farmland is one of several kinds of important 
farmland defined by the USDA. It is of major 
importance in meeting the nation's short- and long-
range needs for food and fiber. The extent of high-
quality farmland is limited, and the USDA 
recognizes that government at local, state, and fed
eral levels, as well as individuals, must encourage 
and facilitate the wise use of the nation's prime 
farmland. 

Prime farmland soils, as defined, are soils that are 
best suited to producing food, feed, forage, fiber, 
and oilseed crops. Prime farmland soils produce the 
highest yields with minimal inputs of energy and 
economic resources. Farming these soils results in 
the least damage to the environment. 

Rangeland 

In areas that have similar climate and topography, 
differences in the kind and amount of vegetation 
produced on rangeland are closely related to the soil. 
Effective management is based on the relationship 
between the soils and vegetation and water. 

For example, the total annual production of vege
tation in favorable, normal, and unfavorable years is 
estimated (Table 2); the characteristic vegetation is 
described; and the average percentage of each spe
cies is determined. Only those soils that are used as 
rangeland or are suited to use as rangeland are listed 
in this interpretation. 

A National Range Handbook by the USDA Soil 
Conservation Service is available. 

Woodland Management and Productivity 

Woodland interpretations can be used by woodland 
owners or forest managers to plan the use of soils for 
wood crops (Table 3). Only those soils suitable for 
wood crops are listed. The ordination symbol 
(woodland suitability) for each soil isincluded in the 
'Fable; soils assigned the same ordination symbol 

Table 3. Suitable woodland management and expected productivity (USDA 1981). 

Map symbol 
and soil name 

LcA- Lake 
Charles 

Ordination 
symbol 

2",9 

Management concerns 

Equipment Seeding Plant 
limitations mortality competition 

Severe Severe Severe 

Potential 
productivity 

Important 
trees 

l.oblolly pine 
Southern red oak 

Site 

index 
(m) 

27 
24 

Trees to 
plant 

Loblolly pine 
Slash pine 
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Table 4. Potential woodland understory vegetation (USDA 1981). 

Potential production 

Map symbol and 
soil name 

LcA-Lake 
Charles 

Kind of year 

Favorable 
Normal 
Unfavorable 

Dry weight 
(kg ba-1) 

3350 
2250 
1650 

Common plant name 

Little bluestem 
Virginia wildrye 
Indiangrass 

Composition 

15 
10 
7 

require the same general management and have 
about the same potential productivity,* 

A National Woodland Handbook by the USDA 
Soil Conservation Service is available. Woodland in-
terpretations are coordinated by soil and data stored in 
the Soil Interpretations Record (SCS-SOI-5). 

Woodland Understory Vegetation 

For each soil suitable for woodland use, the poten
tial for producing understory vegetation, which con-
sists of grasses, forbs, shrubs, and other plants, is 
indica.:d CTable 4). Some woodland, if well man-
aged, car, produce enough understory vegetation to 
support grazing by livestock or wildlife, or both, 
without damage to the trees, 

Windbreaks and Environmental Plantings 

Windbreaks protect livestock, buildings, and yards 
from wind and snow. They also protect fruit trees 
and gardens, and they furnish habitat for wildlife. 
Several rows of low-growing and high-growing 
broadleaf and coniferous tices and shrubs provide 
the most protection. 

Field windbreaks are narrow plantings made at 
right angles to the prevailing wind and at specific 
intervals across the field. The interval depends on 
the erodibility of the soil. Field windbreaks protect 

cropland and crops from wind, help keep snow on 
the fields, and provide food and cover for wildlife. 
Environmental plantings help to beautifyand screen 
houses and other buildings and to abate noise. The 
plants, mostly evergreen shrubs and trees, are closely 
spaced. The height that locally grown trees and 
shi ubs are expected to reach in 20 years on each soil 
can be indicated (Table 5) to assist decisions on 
choice of species. 

Climate 

Climatic information in soil surveys includes data on 
temperature and precipitation for the survey area, as 
recorded at a station in the site or nearby. Other data 
include probable dates of the first freeze in fall and 
the last freeze in spring, length of the growing sea
son, average temperatures and precipitation for win
ter and summer, and highest and lowest recorded 
temperatures. Information on wind and humidity 
can also be given. 

Recreatioit 

Soils are also rated according to the limitations that 
affect their suitability for recreation (Table 6). The 
ratings are based on such restrictive soil features as 
wetness, slope, and texture of the surface layer. Sus
ceptibility to flooding is considered. 

Table 5. Suitable windbreaks and environmental plantings (USI)A 1981). 

Expected height (in) of 20-year-old trees 
Map symbol Eastern Eastern Green Osage
and soil name red cedar cottos.%ood ash orgnage 
20-Lela 8 18 12 6 
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Table 6. Suitability for recreational development (USDA 1981). 

Map symbol Paths and 
and soil name Camp areas Picnic areas Playgrounds trails 
34-Houston Black Moderate: Moderate: Moderate: Moderate: 

Percolates slowly, 
too clayey. 

Too clayey, 
percolates slowly. 

Slopes, too 
clayey. 

Too clayey 

Wildlife Habitat 

Soils affect the kind and amount of vegetation that is 
available to wildlife as food and cover. They also 
affect the construction of water impoundments. The 
kind and abundance of wildlife depend largely on 
the amount and distribution of food, cover, and 
water. Wildlife habitat can be created or improved 
by planting appropriate vegetation, by maintaining 
the existing plant covet, or by promoting the natural 
establishment of desirable plants. Thus, soils in the 
survey area are rated according to their potential for 
providing habitats for various kinds of wildlife. 

Engineering 

The engineering section of the interpretation pro
vides information for planning land uses related to 
urban development and water management. Soils 
are rated for various uses, and the most limiting 
features are identified. Ratings are given for building 
site development, sanitary facilities, construction 
materials, and water management; theyare based on 
observed performance of the soils and on the esti-
mated data and test data in the "Soil Properties" 
section. 

Engineering information is intended for land-use 
planning, evaluating land-use alternatives, and plan-
ning site investigations before design and 
construction. 

Building Site Development 

The degree and kind of soil limitations that affect 
shallow excavations, dwellings with and without 
basements, small commercial buildings, and local 
roads and streets are rated (Table 7). Special feasibil
ity studies may be required where thesoil limitations 
are severe. 

Dwellings without Basements 

The rating criteria for dwellings without basements 
show how soil characteristicsare applied to interpre
tations (Table 8). This table is shown as an example 
of the criteria used in tables. The ratings criteria are 
in the National Soil Handbook (USDA 1983). 

Sanitary Facilities 

Information on sanitary facilities shows the degree 
and kind of soil limitations that affect septic tank 
absorption fields, sewage lagoons, and sanitary 
landfills, as well as suitability of the soil for use as a 
daily cover for landfills. 

Construction Materials 

Information about soils as asource of roadfill, sand, 

Table 7. Suitability for building site deve!opment (USDA 1981). 

Map symbol Shallow 
Dwellings 

without 
Dwellings 

with 
Small 

commercial 
Local 

roads and 
and soil name excavation basements basements buildings streets 
34-Houston Black Severe: Severe: Severe: Severe: Severe: 

cutbanks 
cave. 

shrink-
swell, 

shrink-
swell, 

shrink-
swell. 

low strength, 
shrink-swell. 
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Table 8. Rating criteria for use for dwellings without basements (USDA 1981). 

Property 

I. USDA Texture 
2. Total subsidence in (cm) 
3. Flooding 

4. Depth to high water table (cm) 

5. Shrink-swell' 

6.Unified' 
7. Slope (%) 
8. Depth to bedrock (cm) 

hard 

soft 

9. Depth to cemented pan (cm) 
thick 

thin 


10. Fraction 75 mm (wt pet)2 

II. Downslope movement 
12. Formation of pits 
13. Differential settling 

LimitLation Restrictive 
Slight Moderate Severe feature 

ice Permafrost 
-- 30 Subsides 

none - rare, Flooding 
common 
+ Ponding 

75 45-75 45 wetness 
low moderate high. Shrink-swell 

very high 
- OL,OIH,PT Low strength 

8 8-15 15 Slope 

100 50-100 50 Depth to bedrock 
50 50 

100 50-100 50 Cemented pan 
50 50 
75 25-50 50 Large stones 

- - J Slippage 
... 4 Pitting
 
.. 
 Unstable fill 

1. In the thickest layer betsmeen 25 arid 100 cm depth. 
2. Weighted aierage to 100 cnm. 
3. If the soil is susceptible to mnisement downslope when loaded, excavated, or %%et,rate "seere slippage."
4. I the soil is susceptible to the firmation (if pits caused by the melting of ice when the ground cover is removed, rate "severe pitting."
5. If the soil is susceptible to differential settling, rate "sesere unstable fill. 

gravel, and topsoil is provided for construction pur-
poses. 'I,: soils are rated good, fair, or poor as a 
source of roadfill and topsoil; they are rated as a 
probable or an improbable source of sand and 
gravel. The ratings are based on soil properties and 
site features that affect the removal of the soil and its 
use as construction material. Each soil is evaluated 
to a depth of 150 or 180 cm. 

Water Management 

The soil properties and site features that affect water 
management are delineated (Table 9). The degree 
and kind of sQil limitations are given for pond reser-
voir areas; and embankments, dikes, and levees, 
Restrictive features that affect each soil fordrainage, 
irrigation, terraces and diversions, and grassed 
waterways are also given. These are explained 
below. 

Pond reservoir areas hold water behind a dam or 
embankment. Soils best suited to this use have low 

seepage potential in the upper 150 cm. The seepage 
potential is determined by the permeability of the 
soil and the depth to fractured bedrock or other 
permeable material. 

Embankments, dikes, and levces are raised struc
tures of soil material, generally less than 6 m high, 
constructed to impound water or to protect land 
against overflow. Soils are rated asa source of mate
rials for embankment fill. 

Drainage is the removal of excess surface and 
subsurface water from the soil. How easilyand effec
tively the soil is drained depends on the depth to 
bed rock, to a cemented pan, or to other layers that 
affect the rate of water movement; permeability; 
depth to a high water table or depth of standing 
water if the soil issubject to ponding; slope; suscepti
bility to flooding; subsidence or organic layers; and 
potential frost action. 

Irrigation is the controlled application of water to 
supplement rainfall and support plant growth. The 
design and management of an irrigation system are 
affected by depth to the water table, the need for 
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Table 9. Effect on iater management (U'SI)A 1981). 

Limitations for Features affecting 

Map symbol 
and soil 
name 

Pond 
resersoir 

areas 

Embankments, 
dikes, and 

leees Drainage Irrigation 

Terraces 
and 

Diersion 
Grassed 

waterways 

34- Houston Slight Se%,ere: )eep 
Black hard to pack. water 

drainage, flooding, available water capacity, intake 
rate, permeability, erosion haard, and slope. The 
construction of a system is affected by large stones 
and depth to hedrock or to a cemented pan. The 
performance of a system is affected by the depth of 
tile root /one, the amlount of salts or soditm, and 
soil reaciotion. 

Terraces and diversions are etnhankments or a 

combination or channels and ridges constructed 
across ;I slope to reduce erosion and conserve rois-
ture by intercepting runoff. Slopes, wetness. large 
stoties, and depth to bedrock or to a cemented pat 
affect the constructiot of terraces and diversions. 
A restricted rooting depth,.a sesere haiard of svitid 
or water erosiotn. an excessi\ely coarse texture, 
and restricted permeahi litv adversely affect 
maintenane. 

Grassed sater\a\s are natural or constructed 
channels, generally broad and shallow, that conduct 
surface water it) outlets at a ntonerosise \elocity. 

Engineering Index Properties 

Estimates of the enginecring classification atd ofthe 

range of index properties for the major layer, of each 
soil in the stir\cy area are provided (table 10). Most 
soils ha\e la\crs of contra ting properties within the 
tipper 1501 to 180 cm. )epth to the tipper atnd lo\er 
boundaries of each laver is indicated. 

[exture is given in the standard termis used by tile 

U'S).\, defined according to percentages of sand, 
sift, and clay iI the fraction of the soil that is. 2111111 
in diameter, 

Classification of the soils is determined accordimg 
to the tnilied Soil (Classification Sstem and the 
systeta adopted by the Atmerican Association of 
State Iligh\%ay and I ransportation Officials 
(AASIlI ) 1970). [lie U nified system classifies soils 
according to properties that affect their use as con-
struction material (AS"IM 1974). The AASIITO 

to Slow Percolates Percolates 
intake slowly slowly 

system classifies soils according to those properties 
that affect roadway construction and maintenance. 

Physical and Chemical Properties 

-siimates of ho\%some physical and chemical char
acteristics and features affect soil behavior, are deve
loped (table I I). these estimates are given for the 
major layers of each soil in the sitr~ey area. The 
estimates are based on field observations and test 
data for these and similar soils. 

Clay as a soil component consists of mineral soil 
particles that are 0.002 mm in diatieter. In this 
table, the estitnated clay content of each major soil 
laver is given its a percentage, by weight, of the soil 
material that is 2 mm in diameter. 

Moist bulk density is the \ eight of soil (oven dry) 
per unit volume. Volutne is measured when the soil is 
at field moisture capacity. that is, the moisture con

telt at I 3 bar moisture tension. Weight is deter
mined after drying the :it.il at 1(05'C. 

Permeability refers to the ability of a soil tn trans

tiit \sater or air. The estimates indicate the rate of 
downward tuovenient of water when the soil is 
saturated. 

Asailahle water capacity refers to the quantity of 
water that the soil is capable of storing for use by 
plants. I lie capacity for water storage in each major 
soil laser is stated iii cn of water per cm of soil. The 
capacity \aries, depending on soil properties that 
affect the retention of water and the depth of the root 
,one. [Ie most important properties are the contetit 
of organic matter, soil texture, bulk density, and soil 
structure. 

Soil reactiotn is a measure of acidity or alkalinity 
aid is expressed as a range in pit values. The range 
in pl of each major hori/on is based on many field 
tests. [or many soils, salues have been verified by 
laboratory analyses. Soil reaction is important in 
selecting crops and other plants, in evaluating soil 



Table 10. Engineering index properties (USDA 1981). 

Percentage
 

Map symbol Depth USDA Classification Fragments passing sieve number Liquid Plasticity 
and soil pame (cm) texture Unified' AASHTO 2 75 mm (Q) 4 10 40 200 limit (%) index 

34-Houston Black 0-105 Clay CH A-7-6 0 95-100 95-100 95-100 85-100 58-98 34-72 
105-203 Clay. Silty clay CH A-7-6 0 95-100 95-100 95-100 85-100 51-00 34-75 

I. American Society for Testing and Materials (1974). 
2. American Association of State Highsa. and Transportation Officials (1970). 

Table 11. Physical and chemical properties of soils (USDA 1981). 

Available water Soil Erosion factors Wind Organic
Map symbol Depth Clay (cm water [cm reaction Shrink-swell erodibilitv matter 

I I
and soil name (cm) (%) Permeability soil] - ,) (pH) potential K T group (,%) 
-4
34-Houston 0-105 40-60 0.4 - 10 0.20 7.4-8.4 Very high 0.42 11.2 4 

Black 
-
105-202 40-60 0.4 10-" 0.20 7.4-8.4 Very high 0.42 

1.See text for explanation of K and T. 
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amendments for fertility and stabilization, and in 
determining the risk of corrosion. 

Salinity is a measure of soluble salts in the soil at 
saturation. It is experessed as the electrical conduc-
tivity of the saturation extract. Estimates are based 
on field and laboratory measurements at representa-
tive sites of nonirrigated soils, 

Shrink-swell potential is the potential for volume 
change in a soil with a loss or gain in moisture, 
Volume change occurs mainly becau:,e of the inter-
action of clay materials with water and varies with 
the amount and type of clay minerals in the soil. 

Erosion factor K indicates the susceptibility of a 
soil to sheet and rill erosion by water. Fa'i'ror K is one 
of six factors used in the Universal Soil Loss Equa-
tion (USLE) to predict the average annual rate of 
soil loss by sheet and rill erosion. l.osses are 

.expressed in t ha I ar lErosion factor I is an esti-
mate of the maximorn average annua! rate of soil 
erosion by wind or water that can occur over a 
sustained period without affecting crop productiv-
ity. This rate is also expressed in t ha-I a 1. 

Wind erodibility groups are iade up ot soils that 
have similar properties affecting their resistance to 
wind erosion in cultivated areas.The groups indicate 
tile susceptibility of soil t) wind erosion and the 
amount of soil lost. 

Organic matter is the plant and animal residue in 
tile soil at various stages of deconiposit ion. The 
estimated content of organic matter isexpressed as a 
percentage, by weight, of the soil material that is .:2 
mm in diameter. 

Soil and Water Features 

Estimates of the importance of %arious soil and 
water features are also provided (see Table 12 for 
some examples). The estimates are used in land-use 
planning that involves engineering considerations, 

Hydrologic soil groups are used to estimate runoff 
from precipitation. Soils are assigned to one of four 

Table 12. Soil and Aater features (US)A 19S1). 

lap symbul Flooding 
and soil Ilydrologic I-re- I)ura-
name group quency tion Months 

34 louston I) None 
Black 

groups. They are grouped according to the intake of 
water when the soils are thoroughly wet and receive 
precipitation from long-duration storms. Runoff 
increases from group A to group D. 

Flooding, the temporary inundation of an area, is 
caused by overflowing streams, runoff from adja
cent slopes, or tides. Water standing for short peri
ods after rainfa'l or snowmelt is not considered 
flooding, nor is water in swamps and marshes. The 
frequency and duration of flooding and the time of 
year when flooding is most likely to occur are given. 

High water table (seasonal) is the highest level ofa 
saturated zone in the soil in most years. The depth to 
a seasonal high water table applies to undrained 
soils. The estimatesare based mainlyon the evidence 
of a saturated zone, namely, grayish colors or mot
ties in the soil. Indicated in Table 12 is the depth to 
the seasonal high water table, and provision is made 
for statements on the kind of water table (perched, 
artesian, or apparent) and the months of tile year 
that the water table commonly is high. A water table 
that is seasonally high for- I month isnot indicated. 

Depth to bedrock is given if bedrock is within a 
depth of 150 cm. The depth is based on many soil 
borings and on observations during soil mapping. 
The rock is usually specified as either soft or hard. 

Cemented pans are cemented or indurated subsur
face layers within adepth of 150 cm. Such pans cause 
difficulty in excavation. Pans are classified as thin or 
thick. A thin pan is less than 7.5 cm thick if conti
nously ind urated, or less than 45 cm thick ifdiscon
tinuous or fractured. 

Subsidence is the settlement of organic soils or of 
saturated mineral soils of very low density. Subsi
dence results from either desiccation and shrinkage 
or oxidation of organic material, or both, following 
drainage. Subsidence takes place gradually, usually 
over a period of several years. 

Potential frost action is the likelihood of upward 
or lateral expansion of tile soil caused by the forma
tion of segregated ice lenses (frost heave) and the 
subsequent collapse of the soil and loss of strength 

Iligh water table Itedrock Risk of corrosion 
)epth Depth Ilard- Uncoated 
(m) Kind Months (cm) ness steel Concrete 

1.5 150 High L.ow 
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on thawing. This interpretation is normally given for 
soils in colder climates, 

Risk of corrosion pertains to potential soil-
induced electrochemical or chemical action that dis-
solves or weakens uncoated steel or concrete. 

Appendix 

Description of Soil Mapping Unit 

34-Houston Black clay, I to 31' slopes. This deep, 
gently sloping soil is on broad, smooth uplands. 
Areas follow the contour of the slope and are longer 
than they are wide. The,- range from 4 to about 60 
ha. 

Typically, this soil is ,nUderately alkaline clay to a 
depth of about 200 cm. It is very dark gray in the 
upper part, grayish brown in the middle, and light 
yellowish brown in tile lower part.

This soil is moderatel]\ well drained. Permeability 
is \ery slow, and available water capacity is high. 
Runoff is medium. and the hazard of erosion is 
moderate. The soil is difficult to work during 
extremes in moisture conditions. Plowpans form it' 

tile soil is tilled when it is wet. The root one is deep, 
but plant roots penetrate slowly. 

Included with this soil in mapping are small areas 
of' the closely similar Ieiden and Leson soils. Ihese 
inclusions make up as much as 25"i of some mapped 
areas. 

This Hlouston Black soil is mainly used as oro-
plaed. and is Well suited to this use. COttonl all] grain 
sorghun are the mai crops, but corn iniaiie) and 
small grains Ire also grown. [he main objectives of 
management are controlling erosion arid maintain-
ing tilth. Terracing and contour farming help to slow 
runoff and control erosion. (Gro.ingcrops that pro-
duce large amounts of residue or grossing deep-
rooted legumes helps to control erosion, maintain 
tilth, and aerate the soil. 

This soil is \ell suitedl to use as pasturelarld. 
Improv'ed beinitul lgnass. tall lescue, kleingrass, 
indiangrass, johnsoigrass. and \etch are \%ell suite(] 
to the soil. Some areas are seasonallv wet, and 
seedbeds are diflicult to prepare. Proper pasture 
management incltudes ert iliation, \ced control. 
and controlled gra/ing. 

This soil is moderately stited to most Urban uses. 
The main limitations are shrinkingand swelling with 

changes in moisture, corrosivity to uncoated steel, 
and lowv strength affecting streets and roads. The soil 
is poorly suited for use as septic tank absorption 
fields because of its ver. low permeability. 

Thi, 1louston Black soil ispoorly suited to recrea
tion use. The limitations are the very slow permea
bility and the clayey texture throughout the soil that 
causes deep, wide cracks when the soil is dry and 
stickiness when the soil iswet. 

Areas of thi map unit are regularly inhabited by 
doves and quail. Grain crops grown on this soil 
provide loud. 

This soil is in capability class lie at the Blackland 
range site. 
(Source: USDA 1981.) 
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Socioeconomic Aspects of Transfer of Vertisol Technology 

M. von Oppen', R.D. Ghodake2, K.G. Kshirsagar3, and R.P. Singh4 

Abstract 

Recent research has confirmed the viability of a new technology for inproved management of 
Vertisols. The management system, developed over a 5-year period of on-station research at 
ICR ISA T Center,has producedhigherand morestable.yields at moderateadditionalcosts. Three 
years ago this technology was taken into farmers' fields, where it producedgood results with 
management support and inputs supplied, provided other constraintsdo not interfere. Both the 
continuing need for management support and input supplies and the emergence of furthercon
straints,however, seem to impose much narrowerlimits for the applicationof the technology than 
hadearlierbeen anticipated.This experience with technology transfrinto larmers'fields indicates 
many of the regional or location-specilic constraints that remain to be overcome tor a wider 
adoption of improi'ed Vertisol managementsystems. 

The questions that we scientists who work on this technolocy have to ask ourselves are: 
* 	 How should we go about overcoming these constraints? 
* 	 What should the research prioritiesbe and how should the task be divided between national 

institutionsand ICR ISA 1? 
* 	 l'hatkind oflessons can be learnedfrom this e.\xperience l)r linkin station researchandon-'arm, 


research?

Thispaperreviews the perlormanceofan improved Vertisoltechnologyat the researchstation and 

in larmers'fields. As on-lirmapplic;,tionshowii numerous constraintsemerge that requireattention 
bY researchersand polic'wmakers; some of the important issues in transfer of the technology are 
discussed. The implicationsfMr research are also drawn. 

R=sum 

Aspects socio-icononiques du transfert de la lechnologie relatif aux Vertisols : Des recherches 
pendant les trois derni.resann~es ont conlirme qu '1y a une technologic viable pour une gestion 
amnlioreedes Vertisols. Des observationsdMnontrent qu 'tnsvstme complet degestion (d6velopp6 
pendantune pibriodede cinq ans en stationexpcrimentale)a produitdes rendemnentsplus dlevs et 
plu. stables ifpeu de frais supplmentaires.1 y a troisans, cette technologic flt appliqueen champs 
pa.ysans o) ele a donn6 de hons rcsultats,tant qu 'on soutien lIa gestionet ;i I'applicationdes intrants 
a ctc9 maintenu et que d 'autrescontraintes n'ont pas interlr. Nanmoins, Ie besoin continu de 
soutien ;i la gestion et d "apprvisionnenenten intrants,et 'apparitiond 'autrescontraintes,semblent 
imposera cette technologicdes limites plus itroite.st/ue l'on avaitpu anticiper.Cetteexprienceaivec 
le translert de technoogie aux champs des agriculteurs indique que plusicurs des contraintes 

II'nncIpaI ciont.)IIIs 1 2. I conmim 3.Senior R-,earch As oce; and 4 Fcoh IOI nagmnent P rograrn. R ISAT CcenIer,is(, Rnsiuuucc M I 

I' MIL'Ihru. A.T 512 324. India.
 

I('R ISA I (onte nce Paper no t,' 

ICR ISA I I Ihnl hhIatohl Crops Research Institute for the Semi-Ard "lhopics). 1989. Managemrent of Vertisols for improsed agricultural 
production proceedings of an IIISRANI Inaugural Workshop, I1-22 -brutry 19h5. ICRISA I Center, India. Patancheru. AP. 502 324, 
India ICRISA I. 



rcgionalesou sp~cifiques restent asurmonteralin d'-Issurerune adoption plus large des s'stbmes 
d 'anmnagement animhorcsdes Vertisols. 

Les questions que nous, les chercheurs,devons nous posersur cette technologie sont
" Quels sont les lno'vens par lesquels nols pouvons surmnonter ces contraintes?
" Queles devront &trelespriorites de recherche et comment fiit-ilpartacerles responsabilit6sentre

17C'RISA Tet les institutsnationaux? 
* Que laut-il apprendre de cette experience pour Mtahhr des liens entre la recherche conduite en 

mil.'u contrOe et cell en milieu roel? 
Cet articlepasseen revue les r-sult;atsd 'ine technologie anliorepour/es Vertisols lla stationexperinentaleet en champspavsans. Les essaisen champs nettent en c3'idence plusieursproblnres 

qui meritent attentiomparles chercheurset les d&-ieurs.Sont exaninsrgalementcertainspoints
importantsdu transkrtde iatechnologie etles consequences pour Ia recherche. 

Improved Vertisol Technology 

The improved \'ertisol management system to which 
this paper refers can he described as follows: land is 
developed into \\atersheds of ipto about 25 ha to 
enable farmers %thin the watershed to improse 
their management of soil, %ater,aid crops. On the 
%%atcrshed. broadhets ;and furrows are established, 
across tilenatural slope, fith iconstant grade of 0.4 
to I.6"1 <(CRISAI 1981 ).1hese lurrov,s retaill the 
rainwater. Fxccss runolt, %\hich iay be generated 
during ligh-intersity storlns Or alter ssc\ral days o1 
less inersse but OltillOtS riin, Isgrided by ile 
fUllfOS to rll slo(hlv aCrOc.,the ittll slope Of tire 
lieldirrtoia %istcrkaxs,\irich I,co cred s,ith gras,. to 

as\oid erosion. In aeias of sufficient rarinf-l. small
 
resersiris cart be cstrblishutl to store rurroll \satcr
 
for turpplemclntar\ illigatiorll o tIe seconid Crop: to 

gercrat rurrrrol irr r,-liable tluantities rorder Indian 

conditions. l'irnlde \(1985 )stggests that total rairrll
 
should pr b:rblv be .100011mirn a .
 

IlIIilt, systmer,soil artl water are m nitg tto) 
alchiee Ina'irxnral ililtrtilr of rainfall Itto tilesoil, 
aind to thus trnililni/e crosior. Crops airsok rroIt ehe 
broaidbeds..\Most (1 tire cultriltirol Opelal ls are 
carried out %ithlrloxer-d rir\sn wteelehd tool carrier. 

IIIttar s of dependalble rainlthll ( 
- 751) in a I), this 
lorin itf lrld ma rnargcni inllh\t,llrrroers to plrodliCe 
croips dtrirng the rain.%seasin %Lllas.as tre tollo\ing 

prrstrallirV scilsOll. ills, iltnclnesc
I arrluers, catll their 
Cr,,ppinrg intensity front oreito Io clops illlltral_,
Usinrg errhCrr sCtlircrtiol croppirng uorinticrcroppirg of 
nrnt kelyl\ d ifferernt gro\mth drtatii s (e.g., sorgln, m 
or []laie pigeonpea). 
Ilie intdisidjual eclhntlogy components inclide: 
* cultivating tile laid inninediately after the pro-

vious postrainy-season crop, belore the soil 

hardens;
 
a improving (Irainage by smoothing 
 land, and 

installing graded broadheds and furrows, as well 
as field and community drainage channels; 

a applying appropriate scqucntial or intercropping 
sVsteniu with correct row arrangements:
 

0 dry sceeding crops belore tile iolnsoon:
 
• using inproed seds alld ;deCltUaC aImIOUnts 01' 

lertili/cr 
0 precision placement of seeds artd fertili/ers; and 
* iruproe\d plarnt protection. 

Optimal combillations of tlese Components Call 
generate i s.'ynergistic e'fect otilprr(luctis ty in Ver
tistol areas %%itl depenlable rainfall. 

Performance of tile Technology at
 
ICRISAT Center
 

I Iris techntlogy for \'ertisols was tested at ICRI-
Al ('enier "r 8 %ears (1976 77 to 1983 84). The
 

econonic perfhrnance of tine new technology, using
 
itproed cropping systernt, is comparedll to tradi
tinnhal plactices arId cropping systems in Table 
I.
 
Ile ilnprolcd clrrppin, s ,'stetls-, inrclude a maie pi
gcorllpe intercrop, a rraiie-chickpea sequential 
crop, aid ,hrnitsorg pigcornpea intercrop. Rainy

tason fallo\ fllosed b\ia postrfitin,-season crop ol 
sorrhrtni or cl'ckpc form tIe tralditiorna.l cropping 
svstcrnr. 

lre hng-termrr (S-ycarI rcstilts arc quite consistent 
rivcr time (Virnarri et Al. 1989): tine last 3 years of 
experimcntatitn conlirrn tie lirnditngs published ear
lier(IRyan et al. 1982) on tilefirst 5 years. The 
improi\ed cropping systems yielked 3800 4400 kg 
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Table 1. Economic performance of Vertisol technology at ICRISAT Center: averages of annuel performances over 8years 

(1976/77 to 1983/84). 

CV of Marginal 
Mean Gross Operational Gross gross rate of 
yield returns' Costs, Profit3 profits retun 

Technology/cropping system (kg ha-1) (Rs ha-1) (Rs ha-1) (Rs ha-i) (%) (%) 

Improved management and
 
improved cropping systems
 
Maize/ pigeonpea intercrop 6765 2060 4705 28 272 
Maize 2712 
Pigeonpea 1121 

Maize-chickpea sequence 7021 2757 4264 43 159 
Maize 3205 
Chickpea 1164 

Sorghum/ pigeonpea intercrop4 8875 2471 6404 26 304 
Sorghum 2887 
Pigeonpea 1088 

Traditional management and 
common cropping systems
 
Rainy-season fallow 1643 682 961 43
 
followed by postrainy
season sorghum or chickpea-


Sorghum 567
 
Chicl.pea 718
 

Source: Ryan et al. (1982) forresults of 1976;77 to 1980181; and Srivastava ctal. (1985) for 1981/82 to 1983/84. 

i.ncludes %aloe of grain, todder, arid other hypr.duction. Indian RY 13 = LISS I.1,. 
2. Costs include all material, human and animal labor, and annual costs of implements, ICRISAr wage rates %,ereused to value human 

labor.
 
3. Gross profit is calculated as gross returns minus operational costs, Oserhead costs such island revenue, depreciation on buildings, etc., 

ha\c riot been d!educted; hence :herise (if the term "gross profits". 
4.Averaged oser 3 .ears, 1981 82 to1983 84 
5.Averaged fronresults for separate crops ofsorghurn or chickpea. 

-tha -i against 500-700 kg ha vith the traditional cient of variation of the same order of magnitude as 
cropping systems. On average, the improved tech- that of the traditional fallow-sorghum or chickpea 
nology gave about 2900 kg ha-i of cereals and 1100 cropping system. These experiments show that the 

-kg ha ' of pulses. The average gross returns of the improved technology promises to decrease risk, at 
improved options were more than4-5 times those of least with the cereal/ pigeonpea intercrops, com
the traditional systems. Although the improved pared to the tracitional cropping system of a single 
technology required additional operating costs, postrainy-season crop. 

-
which ranged between Rs 1400-2100 haIabove the 
operating costs for the traditional system, the addi
tional gross profits generated by the improved tech
nology were Rs 3300-5400 hat- ,offering tnarginal Verification Trials 
rates of return of 160 to 300"1'. 

In these experiments, we found that the cereal! pi- To test the performance of the technology away 
geonpea intcrcrops performed better than the maize- from ICRISAT Center, on-farm trials were carried 
chickpea sequential crop. In addition, the out during 3 years (1981/82 through 1983/84) at 
maize-chickpea sequential system was less stable different locations in dependable-rainfall, Vertisol 
than the cereal! pigeonpea intercrops, with a coeffi- areas in India. These trials wereconducted collabor



atively by !CRISAT and the departments ofagricul- The improved technology performed best in Tadture and other institutions in the states of Andhra danpally and Sultanpur, in Andhra Pradesh. ArPradesh, Karnataka, and MadhVa Pradesh. After additional investment in operating cost ofahout R,initial trials in 1981 '82 at Taddanpallv village in 600 ha - ' generated incremental returns between R:Andhra Pradesh, the state departments of agricul- 1400 and 2200 ha-' during 1981 82 and 1982, 83. Ihture in Andhra Pradesh, Karnataka, and Maharash- Farhatabad, differences between tle operationatra initiated their own tests. In 1982 83 these ccsts of traditional and improved technologies werccovered 116 ha and involved 40 farmers: in 1983 84 ,oosmall to allow computation of neaningful mar.the tests were expanded to cover 2122 ia and gina l rates of return: but results for both year:inolked 1406 farmers. (1982 83 and 1983 84) show that gross profits tirder
An economic evaluation of these on-farm trials the improscd technology %%ereabout I I 2 2 times 

was conducted, based on data collected from sesen the profits under the traditional system.

experiments in which ICRISAlcollahorated: oncin 
 Profitability of the improved Iechnolog
1981 82 at laddanpally, lourin 1982 83 at laddan- lowker in 1982 83 and 

was 
1983 84 in the Begumgunj

pally. Sultanpur, Firhatabad. and lHeguimgUnt i;aiid watersheds in Madhva Pradesh than in the othertwo in 1983 84 at Farhatabad and Hgumgunj. regions. This \kas partlv because ofadver.e climatic
Table 2 shows the performancc of the improsed conditions at BegunIgUinj. In 1982, an earls-season
technology in comparison w'ith existing hirmer tech- drought in late June Mind early .uly was foiI owed by
nology. the marginal rate of return \\as Used a',a Uninterrupted rain in mid-to-late lil%and August;suitable criterion to evaltate profitability and habil- this led to poor stand establishment and ineffective
ity' of the inproxed technology: it shows the addi- wecd control. But oerall profitability was also lowtional returns resulting frot the additional because some fairmers had chosen less profitable
operational costs, cropping systems. Sonme important results emerged 

Table 2. Economic performance of 'erlisol technolog, at I('RISAT collaboratie on-farm lest
sites,
1981/82 to 1983/84.
 

Improscd Iechrology I raditional iechnology Marginal 
Operational (ross Operational Gross rate oflest site costs profits costs profiis returnand year (Ws ha ') (Rs -Im ) (IRs ha 1) (Rs Ia- ((7) 

lVddatnpatll.v.
Andhra lradcsh 
1981 82 
 1181 3055 595 
 1625 234
1982 83 1035 3957 448 
 1722 381 
CV of gross profits t'Vi 42 50
 

Stltanptir. Andhra 'radesh 
1982 83 
 1062 3576 448 
 1722 302
 

CV of gross profits ((') 37 50
 

F-arliah;ad. Karnataka 
1982 813 1194 3323 1142 
 2186 -11983 84 1226 4494 1188 
 2207 -i
 
CV of gross profits (') 
 23 
 31
 

lBcgutngunj, Madhya P~radesh 
1982 83 2348 1172 
 866 786 
 26
1983 84 
 2321 2743 1250 
 1611 106
 
CV of gross profits (('7) 76 
 89
 

Source Wtalker. Rsan et al. (1984) forresults ot 198182 aid 1982 
 83 and (ihrotfake (1984) for results of 1983 84. 
1 Ihe dillerel'e inoperationail cost aretoo smaill to get a milc~llgtull %aluefor marginal rate of return. 
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from the Madhya Pradesh experience in 1982/83. 
For instance, a few selected improved cropping sys-
tems (not shown in Table 2), particularly the soy- 
bean/pigeonpea intercrop, performed well with 
profits over Rs 3300 ha-', while traditional cropping 
systems netted farmer profits of only about Rs 800 
ha-'. On the other hand, farmers trying to grow 
chickpea and/ or wheat as second crops without irri
gation found it difficult to get the crops established. 
Crop est,.lishr itent is a critical factor for success of 
the post y-sL.,on crops. 

Profits irom the use of traditional practices in the 
watersheds in Andhra Pradesh and Karnataka were 
about twice as high or even higher than those in 
Madhya Pradesh in 1982'83. In 1983, 84, however, 
the profits from traditional technology in Begum-
gunj increased considerably over those for 1982, 83 
and so did profits oftihe improved technology. With 
an additional operating cost of about Rs 1070 ha-' 
for the improved technology, farmers in 1983 84 got 
an additional profit of about Rs 1130, ora marginal 
rate of return of' 1061' Thus the improved technol-
ogy appears to arv in its performancet under 
extreme conditions. I Iowecr. there may be ways to 
overcome this problem. For instance, it should be 
possible to reduce tile relatively high operational 
costs of the improved technology in tile wvet, deep 
black soils of Madhya Pradesh and to bring them 
closer to those for similar agroclimaticand soilareas 
in Andhra Pradesh and Karnataka. Also, in Mad-
hya Pradesh, tle higher rainfall makes water harv-
esting in small farm ponds feasible, which would 
enable farmers to irrigate their post rainy-scason 
crop of %%heator chickpea at least otnee before plant- 
ing and, thereby. considerably improve plant estab- 
lishment and stabili/e yields (Kan%%ar 1983). 

All sites consistently showed a loercoefficient of 
variation of gross profits for tie improed technol-
ogy than for the traditional technology. 1his indi-
cares reduced risk with the improved technology. 

Issues in the Transfer of the 

Technology 

Although higher rates of return, better physical 
yields, attractive gross profitability, and lower risk 
are important economic indicators for the potential 
transfer of a technology, other factors also affect 
technology adoption. Important among these are 
input supply, quality 0if inputs, and timeliness of 
input availability. Examination of these factors can 

help highlight their influence in technology transfer. 
Special surveys have been undertaken in the on-farm 
research sites to investigate mean input use for tradi
tional and improved technologies; thesedata present 
a picture of the comparative input requirements of 
these technologies (Table 3). 

Human Labor 

t-mployment of farm laborers was found to increase 
with tile improved technology at all locations; in 
absolute terms, employment went up by 300 400 

ha- I. person hours Thus, improved technology 
employed about twice as many laborers as did tradi
tional practices. The lowest increase in employment 
was 85"i at Taddanpally Sultanpur, and the highest 
was 260;iat hegumguoj, while the Farhatabad site 
registered a 95'i increase. (Ryan and Sarin [1981] 
observed a 250i increase in hunian labor use with 
the improved technology over traditional tcchnol
ogy at ICRISAT Center). Indirect effects through 
backward and forward linkages arising from 
increased demand for inputs and higher levels of 
output are not reflected in these data. 

A higher rate of prodtctivc employment through 
the improved technology would certainly be desira
bie for achieving overall growth of incomes ill eco
nomically disadvantaged regions of dryland areas. 
Poverty and munderemployment are positively 
related (1)antwalIa 1979), and more employment 
would therefore benefit the poor. Moreover, the 
improved technology has the potential to provide 
more stable employment than the traditional tech
nolog., as indicated by the lower coefficients of 
variation in labor use in laddanpally and legurn
gunj. Such increased stability of employment would 
help redunce the seasonalI underemployment preval
ent in dryland areas. Ryan and Ghodake (1984), for 
instance, found unemploymcnit rates to be 39- 50(i 
during the slack season in dryland areas. 

[Een though the higher lhor requirements of at 
new%agricUuril technology must be regarded as a 
positixc attribute in atsurplus labor economy such as 
India, the technology may face temporary labor bot
tleiecks. which may restrict itsadoption. Ouranaly
sis of labor detnand shoCed se\eral periods during 
the cropping seasons when labor availability in dry
land areas as iot sufficient to miteet the demand 
created by this labor-intetisive, improved technol
ogy ((ihodake 1983). In order to better understand 
the effect of labor constraints oi adoption of tile 
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Table 3. Mean levels uf important inputs for improved Vertisol technology and traditional technology at on-farm research 
sites. 

Site and year 
Traditional Improved PercentInput technology technology' change' 

Taddanpally/ Human labor (person h ha-[) 345 638 85Sultanpur CV of empioyment (%) 170 110 -351981/82 and Bullock labor (pair h ha-') 95 72 -251982/83 

(96) (1)
 

Short-term cash (Rs har') 497 1098 121Seed (Rs ha-) 33 130 294Fertilizer/manure (Rs ha-') 117 479 309
Plant protection (Rs ha-) - 53 -2Weed control (Rs ha-') 70 84 20 

Farhatabad Human labor (person h ha-') 427 8321982/83 and CV of employment (%) 
95 

142 217 531983/84 Bullock labor (pair h ha-') 56 36 -36 

(69) (123)
Short-term cash (Rs ha-') 1165 1210 4Seed (Rs ha-') 124 90 -27Fertilizer, manure (Rs ha-') 237 267 13Plant protection (Rs ha-') 206 200 -3Weed control (Rs ha-') 106 109 3 
Begumgunj Human labor (person h ha-') 157 565 2601982/83 and CV of enployrment (%) 187 126 -331983/84 Bullock labor (pair It ha-') 85 31 -64 

(108) (127)
Short-term cash (Rs ha-') 1044 2369 127Seed (Rs ha+') 306 534 74Fertilizer,,manure (Rs ha-1) 24 687 2762
Plant protection (Rs ha-') - 58 .1
Weed control (Rs ha-') 65 -2 

. Values in parenleses are bullock lahor figires for the first year of watershed devclopmnent. Therefore. include bullock labor utilization for 
initial land deselopment.

2. Because the %aluesare negligible tinder the traditional technology, no nreaningful percentage change can he obtained. 

improved technology, whole-farm models were obtained by programming models for scarce resourdeveloped for representative farms at Taddanpally. ces, and they measure the marginal productivity ofUsing the quadratic programming technique, two each resource. The degree to which the marginalfarm types were modeled: one with only rainfed land product of an input exceeds its price is an indicatorand another with an average amount of irrigated of its scarcity. Aggregate shadow wages, as well asland (16% of farmers' land). The model produces number of constraining periods, were considerablyoptimal solutions for resource allocation, taking higher for the improved technology than for theinto consideration the farmer's objective of maxim- traditional technology in both farm types-rainfedizing expected income within limiting constraints and partly irrigated. Marginal productivity of labor,(Ghodake 1985). as reflected by shadow wage, was also higher for theThe results demonstrate the relttive importance improved technology when it had to compete withof labor availability under different technologies irrigation. Interestingly, the model predicted thatthrough shadow wages during different constraining available irrigation water should always be used forperiods (Table 4). Shadow prices or wages are paddy irrigation, but, alternatively, the irrigation of 
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Table 4. Shadow price of labor' under improved and traditional technologies (results from whole-farm modeling, 
Taddanpally, 1981/82). 

With access to average level 
Only rainfed land of irrigation (16%) 

With improved Only traditional With improved Only traditional 
Item technology technology technology technology 

Aggregate shallow wage 38.6 14.9 109.0 23.7 

No. of constraining fortnights 9 4 13 10 

Shadow wage 4.3 3.7 8.4 2.4 

Source: Ghodake and Kshirsagar (1983) 
-I. In Rs (person h)'. Actual Wage rate prevailing in 1981; 82 in Taddanpaly was Rs 0.42 (person h) '. Shadow price (on %,age)is calculated 

for each scarce resource by measuring the marginal prod uctisnity of each. The degree to%%hich tlie marginal product ofan input exceeds its 
price is an indicator of its scarcity. 

dryland crops was never predicted. Under irrigated the improved technology, during this period farmers 
conditions, shadow wages were much higher than have to complete operations such as land prepara
average wages. tion for postrainy-season crops, harvesting and 

The whole-farm analysis at Taddanpally indicates threshing of rainy-season crops (high-yielding varie
that traditional technology required more human ties of sorghum, mung bean,and maize), and sowing 
labor (especially female) during the second week in of postrainy-season crops (sorghum, safflower, and 
July, primarily for preparatory tillage, weeding in chickpea). The labor demand is further aggravated 
mung bean, and transplanting of paddy. Other con- by harvesting and threshing of paddy rice. This peak 
straining periods were the 2nd and 3rd weeks of period extends through the end of December, owing 
September, when land preparation for postrainy to the need for intercultivation operations in 
crops, weeding of chilies, and intercultivation and postrainy-season crops. 
weeding in paddy took place. This period was fol
lowed by another longer period, beginning the 2nd 
week of October until the middle of November, Access to Irrigation 
when farmers needed labor for harvesting and 
threshing of paddy, sowing of postrainy-season The model predicts that the improved technology 
crops, weeding, and intercultivation in already would be adopted on 84% of cropped land of the 
emerged postrainy-season crops. purely rainfed farms but only on 64% of farms with 

The improved technology thus tends to cause access to irrigation (Table 5). The technology in our 
peak labor demand periods to widen; these peak model produces attractive increases in gross 
periods of labor demand exist under the traditional income---- 143%- for the rainfed and 77% for the irri
technology, but with the introduction of the gated farms. Irrigation obviously provides higher 
improved technology they' begin earlier and last labor employment than the rainfed situation
longer. The first constraining period starts in the Ist about 94% higher with the traditional technology 
week of June and continues tip to the end of' July and about 40% higher when the improved technol
when important operations with the improved tech- ogy is introduced. Introduction of the improved 
nology are sowing and gap filling, latd preparation, technology increases labor employment in both 
weeding and fertilizer application, spraying, and situations, but both absolute and relative increases 
thinning. Transplanting of paddy in irrigated land is are much higher under the purely rainfed situation 
another important activity. This period is followed than under the irrigated situation. This indicates a 
by a peak period from the 2nd week of September to higher potential for generation of employment by 
mid-November, during which labor demand is high the improved technology under the purely rainfed 
for both traditional and improved technology. For situation than under irrigation. 
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From those results, we infer that the Vertisol tech
nology exhibits its full economic and social impact

solely rainfed agriculture. To some extent, 
availability of irrigation may impede the adoption of 
this technology because of competition for major

between irrigated agriculture and the 
rainfed technology. On the other hand, in certain 
situations, such isat fiegumgunj in Madhya Pra
desh where rainy-season croppingJ 

may reduce the 
soil moisturc: for postrainy-season crops, water 
availability could enhance adoption of this technol
og if supplementary irrigation could be applied toestablish a postrainv-season crop. Farm models to 
quantify the profitability of this particular type of 
supplementary irrigation in the llegumganj region 
have been developed by'Pandev(1985). Experimenital
research is now under way to verify the potential. 

Bullock Labor 

labor requirements for crop cultivation 
only- i.e., disregarding requirements for initial land 
development -are about 20-6()% less for the 
improved technology than for the traditional tech
nology, or 20 50 pair hours less ha-I (see Table 3).

is partly beca use the wheeled tool carrier is used 
as a component of the improved technology, and 

increases bullock labor efliciencv byva factor of 
about 2.15 oser the traditional implements (lansal 
and Srivastava 1981): in addition, watershed 
farmers at the tiegumgunj site use tractors. Also, tie 
seasonal pattern of bullock power utilization is sub
stantially altered when intercropping and double
cropping systenm are adopted. Seventv toW8( of the 
bullock labor use occurs between Februaryand May
with the ir:;roved technology, whereas 5'i of itoccurs after June with the traditional systems(Ryan 
and Sarin 1981). Itis likely that the availability of' 
draft power, arn-' also of fodder for animals, may 
impose a more serious constraint for the improved
s\'stenls, particularly during the hot season (from 
March to May). A major fodder problem isexpected 
to arise in the initial .ear of adoption when 
watersheds are being developed, using bullock 
powcr, before additional fodder is produced by the 

and Credit Requirements 

Cash on hand to meet variable crop expenses is 



another vcry important factor limiting the extent of improved technology, even a credit of Rs 150 ha is 
transfer of the technology, particularly in a credit- sufficient to keep the farmer viable: tile improved 
starved economy such as the diyland regions in technology increases the feasibility of credit use to 
India. Our surveys at the Taddanpally and Begurn- such an extent that tile farnter is enabled to repay 
gunj sites showed that short-term cash requirements 20(: of his loan. Ilowever, still higher amounts of 
for the improved technology were more than double credit are needed to reap the full potential benefit of 
those for tile traditional technology. The additional this technology. 

-requirement was Rs 600 1300 hai (see Table 3). With the improved technology, credit needed 
Only at Farhatabad were cash requirements of the from institutional sources is Rs 1200 ha-1 on small 
improved technologies similar to traditional sys- farms, Rs 940 hia-' on medium farms, anJ Rs 980 
tems this was because there were no major changes hi-' on large farmis.This poteitial demarind forcredit 
in cropping systems and cropping intensity. Addi- is considerably higher than the present levels of 
tional cash requirements are likely to impose serious credit available, which for India is, on the average, 
constraints to adoption of the !echnology if they are Rs 325 ha I(Bliende 1983). Even tire figure of Us 700 

-not met by ad equIrate credit supply(I('RISAl 1982, Ia1adopted by the Aridhira Pradesh I)epart ment of 
1984a). Agriculture for financing laddanpally watershed 

To cover tile full cash expenses through short- farmers is less than the oplinrum credit rreeded. The 
terri crop loans in the laddanpally Sultarpurarea, variation in credit needs across farm si/es is rational 
the crop loan should he around Rs 1000 ha aa-', in that a parl of tile credit is used for consunption 
with i a range from Rs 400 for postrainy-season purposes oir srna la frris, while si le part is used ill 
sorghtuin to Us 1550 for a maiie-chickpea sequence supporting complerientarv activities, such as live
ill the rainy season. In the [arltatabad area of Kar- stock. 'lie whole-liri models accourtt for such 
nataka, the loIan arifourt of an average should he Rs requirenients. 
1050 ha a wvit h a range from Rs 600 hor 
post ra i ny-seaso n sitrghin to Rs 1450 for a ground
nut pigeonpea inercrop. Ilhese credit req iiiritents Other Inputs 
v, ould be Mtiuch higher ill tie Begurigun) area. I lere 
art average anioitr of Rs 2050 hat I I is required: Other constraints were found to he iniposed by rural 
the lowcst figure would be Rs 1200 for a sorghutrmr- irnfrastructural facilities in dryland areas for supply
pigeornpea intercrop, sshile the highest would be Rs ing iliOrlanlit inputs such as improved cultivars, 

3000 for soyhean-wiear a nd soybean-chickpea fertili/ers, arnd plant protection. The lekels of these 
sequcntial systems. liese figures, hoe'er, are inputs required for the improved tecinoogy, coti
highly sensili'e to changes ill input prices and, thre- pared to traditional technology, indicate the need 
fore, arty scale of finance has to be sufficiently llexi- for additional facilities. For instance, inestment in 
ble sor that it can he adapled to the local conditiots of seeds of iriproed cultisars at rhe laddanpally and 
the flarmer. We estimate that Rs 1000 ha I for a hBegunigunj sites indicates thail thedemand Iorbetter 
cropping year should be rite rrirrirtulr scale of infrastructural facilities in terms of hoth quantity 
finance for this technology, wihile rite raxiniinm aind qua lity Of seed will substantially increase (see 
scale depends on tire cropping systetlt aid tire area [able 3). 
(ICR ISAI 1984b). 'Ihere \\ill be a seseralfold increase (3 and 30 times 

li order toget furtherinsight into the implications al laddaripally and legtriigUrij) in fertilizer con
and role of credit itt transfer of rhe tecinology at the suription sitlh the improsed techrohgv over the 
farm le\el. we again enplo'etd the s, hole-farni traditional techhology; this implies tite need hircon
riodeling approach. [his analysis was performed ont siderahle imprivement Of il rastlructLure to ensure 
experimental results of r]." 1981 82 trial at laddan- supply of the additional fertilier. 
pall' ((ihodake 198.'). Using traditional tectology, farmers spend an 

Results at warious lccls of credit arc presented ill almost negligible aniount otl plant protection, but 
lable 6. Ilie results shto) that \\ ith rite traditional \siti the improved technohgy there will be a sub
tecitilogy credit ill) to Rs 311 hIa on small failns statiatil increase. At Ilegurlgunj. for instance, 
results ill infeasible solltlolls, wirich means credit is larniers do not experience any significant weed 
intsufficienlt tn niert curre expenses of tle farm. problem under tile traditional technology. But with 
Obviously, tire repayrirent capacity is /erio. With tile the impro\ed technology, weeds become increas
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N.J 
Table 6. Potential demand for and repayment of institutional credit with improsed and traditional technologies (Taddanpally 1981/82)1. 

Improved technology Traditional technology 
Max. credit lmpro~ed Marginal Marginal

lesel techno- Shado, rate of net Repay- Shadow rate of net
allosed b, logy Credit price ol resenue ment Credit price of revenue Repaymentthe program adoption utilized- credit increase poti..itial' utilized - credit increase potential3Farm size (Rs ha 1) (() (Rs farm-!) (Rs) ((7) ('1 (Rs ha-1) (Rs) (C) (%) 

Small 0 ,. 
150 39 200 3.42 - 20 
300 59 500 2.53 1.93 100 

0 
0

700 °0 1100 0.97 2.41 100 1100 0.23  20No limit 91 1840 0 0.27 100 1360 0 0.12 33 
(1200) 
 (890)
 

Medium 0 17 0 4.26  - 0 4.69 - 150 33 500 3.82 3.75 100 500 0.87 1.71 100
300 54 1000 2.55 3.54 100 1000 0.26 0.46 100700 75 2300 0.65 1.78 100 1780 0 0.21 100No limit 77 3130 0 0.21 100 1780 0 0.21 100 

(940) 
 (530)
 
Large 0 16 0 4 14 -  0 2.97 _

150 38 (000 3.59 3.70 100 1000 1.17 1.73 100300 55 2100 2.83 3.00 100 2100 0.64 0.93 100
700 81 4800 0.71 2.00 100 3940 0 0.35 (00No limit 80 6760 0 0.34 100 3940 0 0.35 100 

(980) 
 (570)
 

Source: Ghodake 19831 

I. Asterisks indicate infeasible programming solution and hence infeasible farm business. Figures in parentheses are credi: e'els (Rs ha- 1) as actually available from formal sources.2. Institutional credit to be taken by the farm as indicated by optimal programming solution. 
3. Computed by subtracting sariable expenses and minimum consumption expenses from total income. 



ingly more difficult to control because of the buildup 
in the rainy-season crop. Weed management may 
not only be impeded by shortage of labor but may 
also require significantly more time and higher skills 
on the part of the farmer. 

Other Considerations 

The purchase of a wheeled tool carrier costing Rs 
8000 10000 is beyond the reach of individual small 
farmers, whose average income per family may be 
around Rs 3400 5000 a -' (Kshirsagar et al. 1984). 
An alternatise may be implements owned by acon-
tractor or cooperative, hired out to farmers on a 
daily basis, bit this option poses other problems of 
timely access. Noreover, farmers do not seem to 
believe that a wheeled tool carrier isindispensable to 
the package. hIis thinking is also reflected in the 
formers" offer of not more than Rs 13 per day for 
custom hiring of the machine and their willingness to 
invcst no more than Rs 3300. on ascrage, for pur-
chase of the tool carrier. MNloeover, there are some 
technical problems lftr farmers to manage this 
machine in rural areas sshere sufficient support hacil-
ities for selding. repairol tires, and maintenanceare 
not always assured ((ihodakc and Mavande 1984). 

[he ex, erience of managing this technology has 
underscored the impo..tance of manitgenent and 
skills to uhich the technology is highly responsise 
and has, therefore, empha.iied the niccessity of 
extension and other leselopnient agencies in 
impro\ing larmers' entrepreneurial and managerial 
capabilities. I his points to the need for practical 
training for larmers, surevors, blacksmiths, extcn-
sion workers, and hankers (Ryan aind Vo( Oppen 
1983). 

In \iew%of the munch higher Output of coarse 
cereals and pilses that can be rcalied through use of 
this technology, a better output marketing system is 
needed to ensure stable prices. Most of the addi-
tional output may tind its way into the market as 
soon as it is harscsted; therefore, the marketing and 
trading sector should be well-equipped with storage, 
transport, and other marketing facilities, 

Watershed development requires grid surveying, 
land lexehing shaping, and main and field drain con-
struction. Ilhese developments hase different benl-
its to farmers as individuals and to watershed 
participants as a group. As it isdifficult toapportion 
costs to the individual beneficiaries, either a full 
subsidy or group financing through a new line of 

medium- to long-term credit would be required. 
The watershed approach also implies some com

plications that arise for individuals out of loans 
overdue and lack of land titles for individual farms 
or plots of land. Technically, it is desirable -and in 
many cases it is essential that all farmers partici
pa!e in the development of the watershed in the Ist 
year, when the main and field drains are constructed. 
State Departments of Agriculture may have to con
sider providing credit to watershed fariners who are 
defaultes, or to those who do not have clear titles to 
land and are, therefore, not serviced by banks. Lend
ing procedures may have to be designed to improve 
loan recovery among farmers who are high credit 
risks (ICRISAT 1984a). 

Implications for Research 

On-farn trials with the improved Vertisol technol
ogy have helped identify a number of technical and 
other constraints. Some of these can possibly be 
icmoscd with the help of technical improvements 
and thlough alternative components to overcome a 
particular (itassback: otherconstraints require inter
vention from outside through a public authority. 
1hc ,e cases will be discussed below, including the 
question of lurthicr research required on alternative 
components, as %keilas the type and level of interven
tion required. ICRISAI can contribute only partly 
to this research, and national research organi/ltions 
will have to be involved to a large extent. 

I [be implications of the experience with the Ver
tisol technology need to be considered in planning 
and coordinating research activities, integrating 
work on station and in farmers' fields. These are 
discussed hereunder, after consideration of research 
on alternatise components. 

Research on Alternative Components 

I. An important area of research is the develop
ment of less costly versions of the wheeled tool 
carrier. This may bst be done within the 
national system, by testing alternative versions 
for attributes such as low cost, technical sim
plicity, and work efficiency. 

2. Weed control imposes seeral problems, requir
ing research on alternative rnethodt (including 
hand weeding, mechanical methods, and chemi
cal control) in different cropping systems. 
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Research on mechanical methods might best be 
conducted where tilework on alternative wheeled 
tool carriers is also being carried out. ICR ISAT's 
comparative advantage as an interdisciplinary 
research institute would probably imply work on 
cropping systems and herbicides, 

3. 	 In areas of 1000-am rainfall and above, water 
for supplementary irrigation to establish the 
second season crop can come from runoffwater 
harvested in small ponds. Preliminary research, 
based on model calculations, has shown high 
payoffs from water harvesting in Vertisol 
regions with high rainfall. Experiments in 
farrmcrs' fields will be required to v'erify these 
Model results and to gain experience in organi-
7'ation and planning of water harvesting iii 
farmers' fields. Such experimentation W'ould 
have to be done in collaboration with tile 
respective state departments oflagriculture and 
regional universities, 

4. 	 The costs tl land devehopient ii tile 1cgun-

guIj %satcrshedsof over Rs 1000 ia1 are high 

when compared to less than Rs 200 elsew licre 

(Virnmani et itl. 1989): this is partly explained by 

the more difficuLt topography aild higher raiin-

fall in leguigarij. Ifowe\er, there is need for a 

better understanding of how to execute lind 

deyeloptient at minimun cost: research work 

iltnational institutions can probbahly establish 

saittble principles and guidelines for optinuiii 

land de\clopiniit pratctices. Related it)this is 

tileneed to train personnel to assist illland 

development, 


5. 	 )ry seeding is iot a constraint iii econmiiic 

ternis, but falriiiers resent dry s eding. Ihev are 

averse to the risk of lnsing their sed. atnd they
 
obviously assess this risk higher tian agrocli
nilatologists woud expect. based oilprobability 
al.iNsis (Virnani ctil. 1981). Furthier research 
is needed oindry seeding and itsalteriiati\es 
(Walker. Singh et al. 1983).

6. 	 Credit is a se\crc constraint to adoptioii. and 
wore information is required thoili Inil-tile 

inllll arid Illxiilitlill of :reditallnoturllis 
required ltregional levels. Naltional Iinisersi-
ties could cairt\' Ltsitch iruodeliugi rCsearcll: 
atpproaichies its developed by ICR IS"AT can be 
of help in stic lesca ich. 

7. 	 Supply systems are totoriousl' w\eak ii iracts ol 
dryland agriculture. Rescarch is required oi the 
costs atnd returns frout making inputs nmore 
readily a\aila nle to dryland fIaiiers. Experi-

ments could be conducted on effects of timely 
availability of fertilizirs, pesticides, and seeds; 
the costs of such a supply system should be 
measured, as should the social and economic 
returns of higher input use (through farmers' 
responses). Such research could be carried out 
initially by ICRI SAT in our study villages, but 
it might require collaboration of other institu
tions and possibly of the respective input 
industries. 

8. The impact of improsed technology oiltileout
put marketing system and consumer prices 
should be studied, to anticipate anv adverse 
price effcts and to improve marketing 
facilities. 

9. In any watershed, not all flarmers are willing or 
able to collaborate: reasons may range fronn 
lack of confidence to credit constraints or land 
title complications. Goscrrinent policies 
should be designed to cope with such problems, 
and research ill policy and publicthe field of 

administration is called for.
 

10. 	Apart from financial benlits of tileiiipr'inL 

Vertisol technology, which accrue directly to 
the Iarmers, the technology does have social 
benefits, through rcdlcing the loss of topsoil, 
for instance, and through deep irfiltration of 
water a nd recharge of grotdwater.Mer. sure
mnrt a id quaiitification of the social benefits 
froni soil and \eater corsemrvtion \\tnuld be 
important, as this could help justify ainnount 
of subsidy forenliinciigtheiintroductionol'tle 
new technologv. Agatin. research by national 
institutions, iii collaboration wsith ICRISAT, is 
called for. 

Integration between On-Station and On-farm 
Research 

IURISAl's imnproved Vertisol technology was 
developed fron corinponent research stage to 
package-aind-systei design stitge within tie research 
stitio'l itICRIZ -A ICenter, Patancheru, and then 
introduced into fallners fields. Consetjuently t 
number ol constraints \%cre understood only at the 
stage \hesll niers wcre confronted \witi tiletech
nolog , i.e.. alter about 13 years. With hindsight one 
could ask if other approaches might hae given the 
saute (or better) results faster. 

An it tertuati c research plan would integrate sta
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tion research with experiments in farmers' fields at 
the component stage itself. The advantage of this 
plan would be the recognition of farmers' coil-
straints before the design of packages and systems: 
morevoer, the time required to produce packages 
and systems is likely to be about 3years shorter than 
the first approach. On the other hand, tile effort: 
required to conduct on-flarm trials with effective 
retrieval of data for scientific analysisarcconsidera-
bly greater, and even if these efforts were spent, tile 
data might still be inferior in precision to those ofthc 
first approach, but possibly more relevant. 

Another alternative (followed by IRRI) involves 
researcher-managed trials in farmers' fields of small 
technology packages. Such packages if found 
acceptable can later be fitted into a system and 
tried directly in tarmer-nmanaged trials.-his alterna-
tise alio would be faster, and it would generate 
field-Iesel feedback into the tcchnlology design pro-
cess, without undue cost for experimentation and 

data retrieval. 
An, of these approachcs, involving irri-larirn 

experimentatioi alt al crl stage rather than 
transferring entire svstcris tin farrers' fields, 
requires that res!,Car.lieIs a(lhere rigorously to princi-
pies tl scientific testing and data rllalysis. I-or 
instance, it set~of,ell-describcd representati loca-
tinsance a se lor oc tsr~if ldsribed presearci
tioris woumld he required for onl-ftrinl research, as 

\%ould a sufficient nuriber of tests for making statis-

ticallv LIualificd incrences. If the priiciples are 
spelled out clearly and the guidelines are follo %ed. 
stuchi strategies shiuruld result in a speedy pro~cess o~f 

techoloy dsignandprbabl. sbstt-ntal cS~tStechnolgy design :lrdl probably. substalntial results 

in the long run. 
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Discussion 

Stewart: I do t1(11 clear picture of the supplyhave a 

demand relationships. Is there a chance of the new 
technology being adopted so fast as to drive down 
tire price and make the farmer not capable of paying 
for the equipment? 
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von Oppen: We do not think so because it will take 
20 years to extend the technology to 5 million ha at a 
growth rate of 42% per year, or doubling the area 
every 2 years. There is a danger, of course, of local 
fluctuations, and the government must be able to 
offer sonic protection against this happening. This 
has been done, for example. forsoybeans in Madhya 
Pradesh where they are being adopted rapidly. 
There, soybeans are an important component of the 
deep Vertisol technology, 

Rasheed: Actually the point raised by Dr.Stewart is 
correct concerning Egypt. In upper Egypt, we are 
recommending UC 87 tomato to be grown by 
farmers, which did increase the production tremend-
ously, and prices went down. Therefore, farmers 
now are refusing to grow this tomato recommended 
to them. 

von Oppen: I agree that a perishable crop such as 
tomatoes may flace a linited market and rapidly 
falling prices, if production exceds demand only by 
a small amount. Marketing facilities, such a can-
ning and preserving, would help to stabilize the 
price. 

Cooper: Six new components are a large number to 
introduce into itsimple farming system, as you have 
indicated that tile 'complete package' has identified 
various costs and labor constraints. Have you tested 
the impact of individual components of this package 
in farmers' fields to identify acceptability, rates of 
return, or constraints? Some individual components 
may be much more ieadily accepted than the coni-
plete package. 

von Oppen: We have not tested the impact of indi-
vidual components of the package in farmers' fields, 
lad we done so early on, we might have beena little 

more knowledgeable to do what you suggest, i.e., to 
be able to put more weight on the more acceptable of 
these components as definite parts of tle package 
and have the remaining ones, which are more diffi-
cult to accept, as optional additions to the package. 

Sagua: (I) The time taken (10 years) before transfer 
of tileimproved technology to the farmer's field is 
too long. Al intermediate stage i.e., state-owned 
farms can be used to demonstrate and prove new 
technology and to go from there to farmers' fields. 
This takes away the risk of failure for the farmer. (2) 

ICRISAT must expect higher yields and, therefore, 
a need for improved processing, storage, and mar
keting to take up the increased harvests arising from 
application of the new technologies. What is ICRI-
SAT doing about these? Are you also organizing the 
farmers into cooperatives to improve their credit
worthiness and purchasing power, which are con
straints to obtaining inputs? 

von Oppen: (I) Perhaps tiletrials on state farms are 
an alternative, but also farmers can be guaranteed 
freedom from risks if the researcher pays all costs. 
(2) ICRISAT envisages that increased yields will 
arise from application of its improved technology, 
but does not consider processing, storage, etc., as 
their priority at the moment. Maybe the national or 
state research programs can do these better. 

Jutzi: What are the reasons for the relative failure of 
water harvesting and reuse of water at IC'ISAT? 

von Oppen: Unreliability for tank-filling in black 
soils with rainfall below about 1000 nim a- I. The 
cost:output ratio is positive only in high-rainfall 
areas, such as central Madhiya Pradesh. 

Valverde: Your presentation clearly pointed out the 
socioeconomic constraints encountered within India 
to adoption of the ICRISAT technology. I believe 
that an, kind of technoiogical innovation within any 
country will require a complex process before it is 
adopted. The socioeconomic conditions will vary 
from country to country. What is important is that a 
firm commitment by and the political will of' the 
country have to exist, as well as the minimum insti
tutional and capital mass, to implement such tech
nological innovation. You have mentioned a large 
list of needed research before the technology could 
be adopted -some to be done by ICRISAT and 
sonic by the national institutes according to their 
comparative advantage. In this respect I agree with 
you completely, but perhaps what is important for 
this workshop is to examine how and what role 
11SRANI should play within the countries that want 
to introduce the technology innovation. 
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Research Networks: Some IDRC Experiences 

A.D.R. Ker' 

Abstract 

This paper describes the involvement of the International Development Research Centre (IJRC) 
with research networks itdeveloping countries-. IDRC policy has emphasized assistance to 
developing-comtrvscientists and institutions to conduct research on their own problems. Over 100 
research networks have been supported ispart of this assistance. 

Altholgh nettlorks take many forns in response to, the needs of participating scientists, key 
orgtntlationalComponent.s lor an'vone net worA include: 
I. 	 Cotmton objectites., agreed to by allnetwork participants. 
2. 	 Willingnes.s of/all participants to adjust research programs and to invest resources in network 

actiitiles. 
3. ..
An appropriate level ol'oordinationb a co utdinator possessing unusual qualities. 
4.c.4 lel,/ ofinteraction aniong participants appropriate to the complexity of the research being 

undertakenand the needs ,fthe participants. 
5. Linkage nechanisms, ihich ma vinclude workshops, advisory connittees,consultatts, training 

prograns, and publications. 

Rcsumn6 

RWeaux de rechercI'e-quehlues experiences du CRDI : Cet article dcrit l'engagcnent du Centre 
de rcchcrche.sde livloppenentinternati,,tl((RI)l)dans les rcseau.x de recherche despays en voie 
de ,tveloppcment.I.e (Lc 1)l a mis I'tccent sur Idiide aux scientiliqlues et institutions de pays en 
dci eloppi."tent alit,d'ntreprcndre des recherche.sisur leurs propres prohbimes. I'lus de 100 rbseaux 
de rclcherche ont eteapplvi.% c0inhne partie intc(grante (iecete aide. 

()uoique Ics ri.Ksauxv prenn)ent plusicurs lOrtncs en rt;ponse au.\ besoins des scien'ifiques qui y 
participent.It'.s cct'.dc chaque1 r'st'aticntnporteit :I.tnents" 
1. l)cs oh!ctif% couunn. accepteUs par tousles participants au rt.seau. 
2. 	 'olontede tous les participantsd'oricnter les pro-Ira nnies de recherche et d'intvestirles ressources 

dan.s ICs actil itt~sdu rescau. 
3. n nit eai appropri de co rdinatin parun cordinatettrquipossede des qtjalites Cxceptionnelles. 
4. 	 in Itiveati d"interactionparnti Ics participants,adapt ,i la conplexite de hi recherche entreprisc 

et aiux besoins des participants.
 
.5. )es [n
mcartismles ds.liens qtipetientinclure des colluqtes, des cotnit5s de conseil, des experts, 

des progranniesde lorniationet des publications. 

1, S tecn%, IDI). '(,. hox ,,5ifl. Ott mi KI(i3119),(anada 
2 I lie'A e\piscced oit tinphed thin tlk papci irCthoset 1the autlhorilldnot necessarily those held by the International Developmentr 

Resealh Centre 

l (tiop, 
production. proceedings ol an IIISlR.%M Inaugural Workshop, [8-22 February 1985, ICRISAT Center, India. Patanclieru, A.P.502 324, 
Indial ISA [. 

ICRISA I ( Internatii cC~atch ist itute for the Semi-Atid 1ropics). 1989. M1anageorent of Vertisols for iniprosed agricultural 

( 

.	 251 



Introduction 

Substantial advances have been made in recent years 
in agricultural production in many countries. For 
example, during the 20 years from 1950 to 1970, the 
world output of grain neariy doubled. In the devel-
oping countries, this increase was due almost equally 
to an increase in the area planted and to yield 
improvement (Wortman and Cummings 1978). 
Although it is difficult to quantify the relat;ve contri-
butions of different factors to these increases, it is 
generally accepted that scientific research has made 
substantial contributions to yield improvement in 
many crops. For example, the large increases in 
wheat and rice yields in the developing countries in 
the 1960s were largely due to the high-yielding varic-
ties bred at the International Maize and Wheat 
Improvement Center (CI MM YT) in Mexico and the 
International Rice Research Institute (IRRI) in the 
Philippines, combined with improved management 
practices, including irrigation, fertilizer application, 
and others, 

Although these high-yielding varieties were bred 
by scientists in tie International Agricultural 
Research Centers (IARCs), the essential adaptation
and selection for local conditions was performed by 
scientists working in national agricultural research 
centers. It is these national agricultural research s.s-
terns that appear to hold the key to a major part of 
the further improvement of agriculture in the devel-
oping countries. They and only they, together with 
tile national extension services, are in the position to 
maintain sutf'icientlv close contact with the enor-
mous numbers of sniall firiiers and livestock pro-
duceis who ire tie only people who can increase 
agricultural production in those countries. 
Although international organizations, such as the 
IARCs, can provide valuable support and backup 
for these national research systems, there is no way 

in which tile%' calr be a substitute for their activities, 

except perhaps on a v'ery limited scale. 


Scientists in national agricultural research orgaiii-
zations have mianv difficulties to contend with: these 
commonly include limited resources in terms of 
Cquiprient, staffing levels, operating funds, and 
information availability. There is also the problem 
of relative isolation being located far froni other 
scientists working on similair problems. 

Scientists worldwide have generally found it 
essential to discuss their problems and compare 
notes with other scientists working on similar prob-
henis. This is often done ot in informal basis at 

scientific meetings, or by informal contacts, but one 
of the reasons for the enormous acceleration in the 
rate of scientific progress in recent years appears to 
have been the formation of more formal types of 
networks of cooperating scientists. 

In the developing countries, these formal net
works appear to be even more important than in the 
developed countries, because of the limited oppor
tunities for many developing-country scientists to 
interact with their collei,'ues, to obtain access to the 
latest scientific information, and to update their own 
skills. Also, although in the larger countries internal 
networks may supply most of the scientists' needs, in 
the smaller countries only one or two scientists may
be working on a particular problem or in a certain 
discipline, so that interaction with other scientists 
working on similar problems has to be international. 
These appear to be sonic of the reasons for the 
considerable growth in international agricultural 
research networks among developing-country 
scientists in recent years. Following are some exam
pies of such networks and their impact. 

International Nurseries 

IDRC prefers the definition of G. Banta (unpub
lished paper, IDRC 1982) that a network is "A 
voluntary association of research organizations with 
sufficient common objectives to be willing to adjust 
current research programs and invest resources in 
network activities in the belief that they will meet 
their objectives more efficiently than conducting all 
research alon'." 

Although networks can take many forms, depend
ing on tile needs of the scientists involved, a number
 
of the larger international nurseries in tile develop
ing world have been organized by the IARCs. For 
example, both Cl MM YT and IRRI organized test
ing of their iriproved wheat and rice varieties in over 
75 countries. Such international nursery programs 
allow scientists in these countries to compare 
improved varieties from tile IARCs and from other 
countries with their ow n varieties, and to contribute 
their own best varieties to tie testing programs. 
Thev forri ail importa nt part of' the exchange of 
gcrniplasi aind information, which is an essential 
component of modern crop-breeding programs.
Many similar networks have been established by the 
other IARCs, and sometimes by national scientists 
themselves. 
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Plucknett and Smith (1984) have indicated the 
problems that can arise with networks of this type. 
For instance, national programs sometimes find 
theyareexpected to test enormous numbersof'varie-
ties, many of which do not contribute much to their 
own programs, so thi.t tl:ey end up primarily serving 
tileinterests of the international centers. They point 
out that these kinds of networks can be counterpro-
ductive, and national scientists may complain about 
and even withdraw from them. 

Although these germplasn testing programs are 
obviously important and should be organized so 
that all participants benefit mutually, the better 
types of networks appear to be those in which scient-
ists from national programs fulfill important roles in 
establishing, organizing, and guiding tilenetwork, 
For example, seven countries in Latin Arnerica col-
laborated in the PRACIPA (Regional Cooperative 
Program for Potato) network to undertake research 
on potatoes, led by the International Potato Center 
(CIP) in Peru. Nine majtor potato-growing problems 
in tile were identified, and each country tookregion 
responsibility for research oti a different set of prob-
tuens. This type of collaborative approach allows a 

more efficient use of resources than if cach national 
program tries to undertake research on all the prob-
lems. The friendly collaboration of all scientists 
involved at regular workshops allows interchange of 
ideas, research results, and plans for the future, 
which has the effect of improving all the research 
programs. 

IDRC-Supported Networks 

A few words of explanation on IDRC may be 
appropriate here. The International Devcloptient 
Research Centre (IIDRC) was created by an Act of 
tile
Parliament of Canada in 1970, largely as a result 
of Lester Pearson's leadership of the Commission on 
International Development, which was tie prede-
cessor to the Brandt Commission. [ie Act estab-
lished the Centre under tile control of a Hoa mdof 
Governors, six of' whonil conie fron developing 
countries, and 1Lester Pearson was the first Chair-
tian of the Board. 

The purposes of the Centre were set nut in the Act, 
as "To initiate, encourage, suppoit, and conduct 
research into tine problems of the developing regions 
of the world and into the means of applying and 
adapting scientific, technical, and other knowledge 

to the economic and social advancement of those 
regions." (Revised Statutes of Canada 1970). 

Since II)RC is a comparatively small funding 
agency, it is not able to support large, comprehen
sive research programs such as those funded by the 
larger donors, including the World Bank and several 
others. Therefore, the Board's policy has been to 
concentrate its support for research in certain broad 
subject areas, which have been identified as high 
priority for tiledeveloping countries, and where the 
Centre haS sufficient expertise in its four program 
divisions of Agriculture, Food and Nutrition Scien
ces; Social Sciences; Health Sciences; and Informa
tion Sciences. Within its limited resources, it 
attempts to respond to requests from developing
country institutions for support of research in these 
areas. 

A particular feature of Il)RC support --which 
was unusual among government-supported funding 
agencies in its early days, but which has since 
become more widely accepted - is that the great 
majority of its grants have been provided for 
developing-country scientists to carry out their own 
researclh programs, without large teams of expat
riatc,, to manage and perform the research for them. 
This approach appears to have given encouraging 
results and has certainly been greatly appreciated by 
the developing-country scientists involved in the 
projects. Almost invariably, these projects have 
strongly emphasized building the capability of 
national research institutions to conduct their own 
applied research, focused particularly on solving the 
pressing problems of the great mass of small farmers 
and other poor people. This emphasis on institution
building has not been in the sense ofproviding bricks 
and mortar, but of supporting applied rese1 irch and 
training for scientists and technicians, at all levels, 
and, where appropriate, training for research 
administrators. 

Mainly at the request of the developing-country 
scientists themselves, an increasing emphasis has 
been placed on scientific linkages and information 
exchanges aniong scientists in several countries 
working on similar problems, and illthis way 
research networks have grown. These networks take 
a great variety of forns, as they basically respond to 
the needs of the pa rticipating scient;sts themselves; 
they vary from large ietworks, with many projects 
and scientists itt a number of countries, to small 
networks, with only three or four cooperating scient
ists (IDRC 1980). Some of these networks have 
proved effective for locating and channelling infor
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mation and technical support to the participating 
institutions. 

IDRC's Information Sciences Division has 
assisted in strengthening some of these networks, 
particularly in the Agriculture, Food and Nutrition 
Sciences Division, by establishing specialized infor-
mation centers, which provide bibliographic servi-
ces, reprints, and, in some cases, specialized 
monographs and reviews of the scientific literature 
in the subject areas covered, to all members of the 
network and other interested scientists. 

Up to 1980, IDRC was involved in some 72 net-
works, which included 288 different projects (IDRC 
1980). Since 1980, support has been provided forat 
least 30 additional networks, making over I0 in all. 
Although the IDRC mandate,as outlined in the Act, 
encourages the development of cooperation among 
scientists involved in networks, IDRC itself did not 
always deliberately create tie networks. In sone 
cases, the networks already existed, and II)RC pro-
vided funds to strengthen them. In others, when 
more than one project was developed in a particular 
area of research. the network developed naturally, 
In all cases, IDIRC attempted to provide flexible and 
appropriate support to meet the needs of network 
participants, 

In the early 19 70s. IDRC supported it number of 
neworks that provided collaboration between 
developed- arid developing-country scientists. 
Although some of these networks gave ftuitful 
results, a number of problems emerged. It Was found 
that at workshops and other network activities, tie 
developed-co titry participarits, with their greater 
experience of these types of networks and backed by 
vastly greater resources, tended to dominate tihe dis-
cussions. Also some of them failed to understand the 
context within which developing-country scientists 
were working. so they seemed to be talking over the 
heads of their developing-country colleagues. 

Therefore, for several years, IDRC concentrated 
on supporting networks of deeloping-country 
scientists only, with input from scientists working in 
developed countries limited to a f6%exceptional 
individuals. A requirement for developed-country 
participation was long experience in developing-
country situations and the ability to relate closely 
with developinig-countlyv colleagues. Recently. 
IDRC started 1.I Cooperati\c Program. which 
encourages cooperation between Canadian inistitu-
tions and developing-couritry institutions, arid a 
number of networks are developing. These are dis-
cussed below. 

The Cassava Network 

One of the largest networks supported by the Agri
culture Division is that developed in close collabora
tion with CIAT (International Center for Tropical 
Agriculture), which has world responsibility among 
the IARCs for cassava research, and later with IITA 
(International Institute for Tropical Agriculture). 
This network at one time contained over 50 projects 
worldwide (Nestel and Cock 1976). 

Most of the projects in this network were deve
loped by the responsible IDRC program officer, but 
technical coordination and support were provided 
by CIAT and. in the case ofthe projects in Africa, by 
HI'A. An advisory committee, which met regularly, 
assisted in planning. In the early days, the IDRC 
program officer coordinated the network, but later 
CIA] employed two coordinators with IDIRC fund
ing, one for L.a tin America and one for Asia. Consul
tants from both developed and developing countries 
also assisted in coordination. 

A series of wvorkshops on specific cassava research 
topics have been held, with proceedings published 
by I I)RC or CIAl. CIAT also developed a compre
hensive cassavsa information service, with support 
from Il)RC's Information Sciences l)ivision. 

A global tietwork such as this logically divides 
itself into a number of subnetworks, usually cover
ing more limited geographical areas, such its Latin 
America. West and Fast Africa. or Asia. This saves 
travel costs and enables projects at similar levels of 
devclopment to be linked more easily. However, 
most of the regional \orkshops have had one or two 
participants from the otiler regions in order to share 
experience and information. Also, more specialized 
\ orkshops on particular technical problems, such as 
germplastn exchange, are held with selected partici
panits froni around the world, in order to get a wide 
spread of experience arid feedback. 

The Oilseeds Network 

At present, the oilseeds network includes some eight 
different oilseeds in about I I projects in eastern and 
soutliern Africa arid South Asia. We can use it as an 
example of a network in which only one crop is the 
responsibility of an IARC; groundnut is the respon
sibility of ICR ISAT. hut the otherseven oilseeds are 
riot within an IARC mandate. IDRC has found it 
more difficult to plan and assist this network, due to 
the absence of an IARC with responsibilities for 
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most of the crops involved. 
The oilseeds network has the following features: 

I. 	 The network coordinator is particularly impor-
tant. He is based with the national research pro-
grant in Ethiopia, where iecan interact with the 
national program scientists, help theem when pos-
sible, and draw their support for other projects in 
the network. 

2. 	Tile coordinator provides photocopies of rele-
vant information and computer printouts of ref-
erences and abstracts of the various oilseeds to 
any network scientist who requests then. The 
coordinator also produces an annual oilseeds 
newsletter for all participating scientists. 

3. 	The network holds an annual or biennial work-
shop, with the site rotating anong the various 
national research programs. 

4. 	Now that individual national programs have 
begun to concentrate their research specificron 

oilseeds, sse expect the network to he able to plan 
its activities so that particular national programs 
can confront particular problems as tihey ari.e. 
This will enable them to complement each other 
and implement i,comprehensise research 
program, 

Although it is expected that sarious problens will 
arise in the coordination of actisities, it appears 
probable that the national programs may develop
more rapidly this "ivay they were compelled to than if 


depend on an IARC. 
If the national programs request a consultant with

i special krMedge of a,particular crop, eryeffort 

is made to arran ge iasisit. I raining progranms of 
varying lengths at appropriate institutions are also 
built into each of the projects. 

The Asian Rice Farming Systems Network 

The Asian Rice Farming Systems Network, pre-
viously called the Asian Cropping Systems Network 
(ACSN), is one of the most highly developed net-
works with which IllRC has been invol\ed. This 
network was based on research done at JR RI illthe 
early 1970s, when it became apparent that the 
further spread of the high-yielding rice sa rieties 
developed there would depend on a more detailed 
understanding of the constraints and requirements 
of farmers working in the various rice-based farminig 
systems in Asia (Banta 1982). 

Although farning-systems research was not new 
when tie ACSN began in 1975, tie major achieve-

inent of the network was to develop and test a 
research methodology adapted to the needs of the 
national research prograis and the small falrmers of 
Asia (Zandstra et il.1981 ). The ACSN is now recog
nied as one oftihe deseloping world's most success
ful agricultural research networks (CGIAR 1978). 
Banta (1982) suggests the fIllowing reasons for its 
success: 
I.All the scientists involved htad worked in sand

ard agricultural research programs, mainly based 
on research stations, and all were dissatisfied 
with the effecti%eness of their research results in 
improving the %%ell-bcingof firmers. 

2. 	IR RI madea (lefinite conmitment to support the 
national research prograns wherever possible. 
IR RI's staff chose to be partners with scientists in 
the national progrants rathcr than adopt a 
patron-client relationship. 

3. 	Only those directly involsed in the field research 
in the national programs and at IIRRI were 
in ited to take part in the various neetings and 
workshops. Ihus there was i,definite reward for 
those who worked, regardless of their position, 
and tihe discussions dfealt with real problems and 
research results. 

4. 	II)R(" made a special effort to organi/e support 
for the national research progranms and for the 
scientists and technicians doing the cropping sys

as support for aterns research intlie field, as s,ell 

high level of interaction among the scientists in 
the network. Ihis funding model has been fol
loved by oiler agencies who have contributed to 

cropping systems research in Asia. 
5. 	lhe real responsibility for organi/ing and man

aging the netssork lies with the Asian Cropping 
Systems Working (iroup. This isa small group of 
scientists froneach national research program
 
wlo are directly involved in cropping systems 
research and who nornially meet twice a year. 

6. 	The reports from the Working Group meetings 
and other relevant written information, whether 
it is of pu, ilhahle quality o! rnot, israpidly pho
tocopied and circulated to all research sites in the 
network. 'Ihis ensures a rapid interchange of 
information aind that all researchers, however 
isolated, are kept up-to-date. 

7. 	J-ach year a monitoring tour to two countries is 
held, to allosv young scientists who are actually 
working on research sites in the national pro
granms to visit itler countries and discuss 
research methods and results with scientists at 
their own levels. 
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8. The network coordinator, who isan IRRI scient-
ist with an excellent rapport with the young
scientists working in tilenational programs, visits 
the national research sites with tilenational lead-
ers of cropping systems research, reviewing the 
ongoing work and discussing technical, metho-
dological, and operational problems. This is per-
haps one of the most important and valuable 
features of tilenetwork, 

9. 	The Working Group and IR RI have made a par-
ticular effort to provide appropriate training for 
all who become involved in this type of research, 
including policymakers, administrators, coordi-
nators, and all levels of researchers. All training 
was done locally in Asia, and there was no train
ing in, and no visits to. developed countries. 

Perhaps one should add that although this net-
work has been outstandingly successful it) develop-
ing an agreed arid workable met i(dology for 
farming systems research, it has been a relatively 
expensive undertaking hecause it insolves so much 
traveling for interpersonal interaction. 

Also, although the national research programs 
have considered it sufficiently valuable to have
adopted it invirtually all the Asian countries, the 
location-specific nature of fariiiing systems research 
nakes it relatively expensive, and a balance needs to 
be found hetseen replicating research teams inevery
possible farming system and limiting activities to 
one or two of the more inmportanr svsterls. 

Conclusions 

To sun up, networks, like farniing systenis, must be 
adapted to the needs of the participants and, there-
fore, they take many forms. Some networks may be 
planned to last only for a limited period of time, and 
may then dissolve once their objectives are accomp-
lished. However, nmost agricultural research net
works can be expected to last for a substantial, ifvarying, period, and these are the ones discussed 


here. here.~ 

For networks to be successful, certain principles
 

appear to he important. 


I. Objectives. All participants in the network need 

to discuss thoroughly and agree full
v (l commion 

objectives and set priorities lor tile
network, 

2. Resource allocations. Researchable problems 
should be divided among participants inthe network 

according to their research resources and interest 

3. 	 Coordination. Although some form of par 
time coordination may be successful in some vet 
small networks, IDRC's experience is that in ne 
works of any size, coordination will require acoord 
nator working somewhere near full-time. (It may E 
beneficial to hin to maintain a small research pr(
grani, so he does not lose touch with research.) 

Good coordinators have unusual combinations c 
gifts, including excellent scientific capability and th 
ability to form close and friendly relations with col 
leagues of all ages and levels. They also need gooi 
organizing ability and communication skills. 

4. Level of interaction. It appears that a networl 
dealing with a new and complicated methodology 
such as farming systems research, needs mon 
intense interaction among its rmembers than a net 
work dealing, for example, with a commodity tha 
already has a well-defined research methodology 
This is the reason for tilehigh level of interactior 
built into the Asian Rice Farniing Systems Network 

5. linkage mechanism. In addition to the coordi
nator, other linkage mechanisnis used extensivel) 
are workshops, advisory committees, consultants, 
training programs, and publications. -ach of these 
has a role in supporting linkages inthe network, aind 
all were found in the successful networks that I DRC 
has sponsored (I DRC 1980). 
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Discussion 

Bentley: Where do the funds to enable network 
activities such as publications, monitoring tours, 
coordinator, and so forth come from, and how much 
do they amount to in total'? 

Ker: Funds to a network come from many donors, 
and perhaps some even come from network units. 
For one network, the initial start-up fund from one 
donor was $700 000 for the first 3 years. 
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Group Discussions and Conclusions
 

After the formal presentations of papers, and a midweek field trip to the ICRISAT 
Center's Vertisol soil profile and a viiiage using ICRISAT-improved technology for 
Vertisols, four Working Groups were formed, with the following topics for discussion: 

1.Evaluation of the properties, survey, and classification of Vertisols, 
2. Management of Vertisols under rainfed conditions, 
3. Management of Vertisols under irrigated conditions, and 
4. Validation of technologies. 

Group discussions were lively. evincing much interest in the formation of networks 

and priorities for research to improve Vertisol management and increase agricultural 

production. Each working group presented a verbal and a written report to the entire 

body, and this was followed by a discussion period, which included reactions to group 

reports and suggestions for the kind of arrangements and the procedures to be 

followed in establishing a network. Network formation was clearly the desire of the 

participants. 
Among the items considered in these sessions were: 

1.Possibility of a limited number of Network Cooperators; 
2. Possibility of four or five mini-networks, based upon climatic groupings, 
3. Problems of developing proposals that would be realistic and attractive to donors. 

It was agreed that the mini-networks on a climatic basis might be the most approp
riate. A tentative proposal for a Mediterranean Region Vertisol Network was submit

ted. It was recommended that IBSRAM use the "Network Cooperator" for members. 
A brief consensus statement was read. 

After the concluding session of the workshop, many participants remained on-site. 
They then developed these concepts into an outline for preparation of an IBSRAM
sponsored project proposal by a Network Cooperator. 
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Working Group No. 1 

Research Priorities for Evaluation of the Properties, Survey, and 
Classification of Vertisols 

Chairman: J.A. Comerma (Venezuela) 
Rapporteurs: J.C. Bhattacharjee (India) 

A.Y. Taimeh (Jordan) 

Members: H.H. Abdulla Mohamed (Sudan) D. McGarry (Australia)
W.A. Blokhuis (Netherlands) Mami Abderrahmane (Tunisia)
K.J. Coughlan (Australia) Mhiri Ali (Tunisia)
R. Dudal (Belgium) J.D. Nichols (USA)
H.Eswaran (USA) A. Remmelzwaal (IBotswana)
Tamirie Hawando (Ethiopia) Kamron Saifuk (Thailand)
M. liaiwi (Syria) D. Tessier (France) 
C. Mathieu (Burundi) 

General Purpose: Provide guidelines and recommend lines of research that will 
produce better and more transferable results in Vertisols. 

Objectives: 

I. To recommend some guidelines for the selection of representative soils and the
characterization of sites for experimental purposes within Vertisols.2. To recommend research priorities in the area of properties of Vertisols considered 
important for determining various management systems and/ or variations in their 
components for thcir extrapolation. 

Statement: 

Vertisols are among the soils that present a large spatial variability. This is, inprinciple, a consequence of their genesis, which produces a mixing of their horizons,
and sometimes, as in the case of gilgai, marked differences within short distances. Ifthe variability of physical soil properties over time is added, Vertisols are seen to bequite variable. Changes engendered by variations in moisture content clearly affect theproperties of structure, consistence, voids, water and oxygen availability, and so on.To date, approaches and methods of characterization of' Vertisols have not paid
enough attention to these variabilities, and, consequently, Vertisol classification is 
deficient. 
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In accordance with these points, besides the conventional characteristics and quali
ties described in land surveys, there is a need to: 
1. Emphasize a more detailed description of such features as structure; 
2. 	 Add and/ or develop new parameters for field and laboratory analyses. 

In all cases, it is considered that the dynamic study of certain physical properties in 
Vertisols, through periodic measurements, is es.cntial for a better understanding and 
successful management of all kinds of Vertisols. 

Research Needs: 

1. Guidelines for the selection of representative soils and of convenient sites for 
experimental purposes. 
As a first step, it will be necessary to have information on soils, climate, topography, 

cropping systems, and previous research results of the area tinder question. In case 
there is no previous adequate information on the area, at least a reconnaissance soil 
map at 1:250 000 should be made.I landsat imagery is suggested for assisting in the 
preparation of a base map. A description of natural vegetation and its distribution in 
the area can help to indicate climatic and moisture regimes. 

With this information and after its analysis, we should aim to: 
a. 	 Know the extent of the primary soils: 
b. 	 Select tile ones with higher Productivity potentials and or with special problems; 
c. 	Together with other researchers, select the site(s) most adequate for the specific 

objectives of the research ln dci question: 
d. 	 In case of diverse intensities of land use in the area, select the sites within the more 

intensively used region: 
e. 	Assure the legal status of investigation and the political consent of tie local 

officials. 
In relation to site selection, there are two alternatives. One is to establish experi

ments in farmers' fields: the other is to select a site for an experimental project. In the 
first case, some of the basic items to consider are closeness to a n agrometeorological 
station, accessibility to the site and availability of fIarm machinery and equipment, a 
highi. motivated and collaborative farmer, and naturally an arca with the reprcsenta
tive soil previously chosen. In the second case, we should consider accessibility of the 
area, closeness to a source of labor, availabilitv of water for the station and for 
potential irrigation, and tile existence of large areas of tie representative soil plus 
other representative soils considered on a regional basis. 

In the selected site. a more detailed study of tile soil(s) Under qluestion should be 
miide, probably at the scale of 1:500 or 1:1000 for convenience. The aim is to 
understand the local variability for a better site selection of research plots. 

A representative point in the landscape should be selected to dig a large pit for soil 
sampling and description. A Clnick check with a lie I kit can be made of such 
properties as pIl, salts, and ('0 

[he morphological description should follow standard procedures, with slight 
variations according to the classification system under use. In the case of Vertisols, 
special attention should be given to describe structure at various levels of organization 
(primary, secondary, etc), roots, and pores. In the presence of gilgai and/or wavy 



horizons, more than one profile is convenient. 
Samples by horizons should be analyzed in the laboratory for the standard proper

ties, including:
 
Particle size, including additionally fine clay
 
Clay-sized CaCO()
 
Available water on undisturbed samples
 
Moisture content at the time of sampling
 
COILE, bulk density of large units 
Liquid limit and plastic index
 
Dispersion index
 
ptt, (IC, exchangeable bases, total N, extractable P
 
Organic carbon, electrical conductivity, SAR
 
Al in case of p1i less than 5.5
 

2. Research priorities for the measurement and evaluation of properties relevant for 
different kinds of available management systems.
In order to analvze and evaluate deficiencies in characterization of those properties

important for management of crtisols, we ha\e listed a group of and q ualities 
considered relevant for these soils: 

Land qualities Main deficiencies in their evaluation 
Tilth Evolution of structure over time 
Fertility P availability, pli-Al relationship in 

acid Vertisols 
Water availability Water limits in relation to roots 
Oxygen availability Air-filled porosity and critical levels 
Root penetrability Pore size and conitinuity measurements 
potential erosion Structure and crack descriptions
 
L.ength of growing season \Vater-balance model
 
lrrigabilitv
 
l)rainability
 
Trafficability Effect of machinery on rheological properties 
Salinity and sodicity Critical levels of Na and salts 

Research Priorities Suggested 

General cases 

I. 	Achieve a better understanding of the evolutionary changes of soil structure and 
associated voids when moisture charges occur. 

2. Be able to predict the evolution of cracks under iatural conditions, as well as under 
different management systeris.

3. 	Develop and or complete specific water-balance models for Vertisols to predict
tillage timing, length of growing season, cropping patterns, irrigation schedules, 
etc. 

4. Calibration c,"P-extraction methods under rainfed and irrigated systems. 
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Poorly Drained Vertisols 

5. 	 Studies of air-filled porosity levels and changes critical for key crops. 
6. 	 Precise field methods of detecting reduced conditions (dyes: dipindyl, benzidem, 

etc). 

Acid Vertisols 

7. 	 Establishment of the relation between pH, Al saturation, base saturation, and salts 
at critical levels for plant stresses. 

Sodic Vertisols 

8. 	 Establishment of critical levels of Na with and without salts in the water regime. 

Recommendations 

1. To hold a workshop or training sessions on the generally agreed methodology to 
physically characterize Vertisols in the field and in the laboratory. 

1. To produce a document indicating in detail the minimum and desirable informa
tion (including methodologies) that are conside,'ed necessary for experiments of 
validation and transfer of technologies, as well as for research development. 
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Working Group No. 2 

Research Priorities for Vertisols under Rainfed Conditions 

Chairman: B.A. Stewart (USA)
 
Rapporteurs: .I.S. Lenvain (Zambia)
 

Sardar Singh (India)
 

Members: Nazeer Ahmed (Trinidad) L.M. Mukurumbira (Zimbabwe)
I.A. Babiker (Sudan) M.F. Purnell (Italy)
.I.R. lBurford (India) K.L. Sahiawat (India)
P).Cooper (Syria) Piara Singh (India)
I. Haque (Ethiopia) K.L. Srivastava (India)
C.W. Iong (I ndaa) P.W. Unger (USA)
S. Jutzi (Ethiopia) Asnakew Woldeab (Ethiopia) 
M. Mphathi (Botswana) 

Food prod uction isgenerally low in the major Vertisol areas under rainfed conditions. 
This is true for both high-and low-ra infall areas. Rainfall ranges from as low as 250 
mm annuallY on some cropland in the winter-rainfall areas in the Mediterranean toas
much as 3000 mm annually in Caribbean regions. In tie very iarge Vertisol areas of the
Sudan. India, and lthiopia, rainfaill is mostly between 500 and 1500 rnm. The reasons 
lor low production are many.but the nost obvious are surface drainage problems.
lack of water in low-rainfall areas, and inadequate plant nit rients. 

Goal: Increase food production on Vertisols cropped under rainfed conditions. 
While the group does not think it is appropriate to set specific goals, it does

reconmed that, as p rojects are developed, scientists and policyniakers in individual 
countries think in terms of specific target goals. This is necessary to realistically plan
meaningful experiments. For example, the group fcels that in some regions food
production can e increased 50 to 100"j, with relatively simple and low-cost changes in
tile traditional systems. To triple or quadruple yields, however, might reqtire major
changes in the system, as well as large capital expenditures. Initial efforts should be
placed on putting into place the low-input changes that can increase yields and that
will also serve as a loundation for additional technological steps. At the same time, 
some studies should be carried out to determine the maximum production potential by
integrating all components of production. 
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Priorities for Research: 

1. Tillage and Land Configuration 
a. Surface drainage 
b. Seed b.d 
c. Stand establishment, emphasis on early plant establishment, row spacing, 

population 
d. Erosion control 

2. 	 Water Conservation and Use 
a. Rainfall patterns and probabilities 
b. Water harvesting 

i. Impounding runoff 
ii. 	Preventing runoff (in low-rainfall areas) 

c. Reducing soil evaporation 

3. Nutrient Manag, mnent 
a. Nitrogen 

i. Legumes for supplying N 
ii. Optimization of N fertilizer by characterizing rainfall probabilities and soil 

water storage 
iii. 	Combination use of N fertilizer and legumes 

b. Phosphorus fertilization and placement 
c. Long-term effects 'n nutrient management 
d. Rotation effects of nutrient management 

4. 	 Cropping systems 
Very important, but site-specific and highly dependent on socioeconomic 
conditions. 

5. 	Combine components into a socially and economically viable technology for 
specific countries. 

Recommendation: 

IBSRAM and the international centers should identify specific research locations and 
document existing data bases, which would serve as a basis for the formation of the 
Network. 

Countries indicating a desire to participate include: the Caribbean countries, Ethio
pia, India, and the Sudan. Botswana, Zambia, and Zimbabwe expressed various level! 
of interest, but perhaps cannot be immediately included. 



Additional Comments: 

Attached is a list, not meant to be complete, of experiment stations located on
Vertisols in possible network countries. The approximate annual rainfall is also listed 
for the experimental sites. 

No consensus was reached, but there was some discussion in support of three 
mini-networks: (1) semi-arid summer rainfall area; (2) humid area; and (3) Mediterra
nean winter rainfall area. 

Research Stations on Vertisols and Associated Soils 

Location Station Rainfall (mm) 
1. Sudan i) Gezira 400
 

ii) Gendarif 
 600 

2. Ethiopia i) Holetta, ILCA H.Q.
 
Debre Zeit, Debre Berhan
 

3. Caribbean
 
(English-speaking) 
 Univ. of West Indies, Trinidad 2000-3000 

4. Venezuela Maraca), 

5. Zimbabwe i) Harare
 
ii) Marondera
 

6. Botswana (May have station)
 
Soil Survey Agric. Res. Dept.
 

7. India Bellary 550 
Sholapur 700 
I)harwad 750 
ICRISAT Center 780 
Indore 900 
Nagpur 
 1000
 
Jabalpur 1400 

8. Syria i) Ministry of Agric. 250-450
 
ii) South of Damascus 457
 

9. Tunisia INRAT Beja 600 

10. Morocco i) Settat 420 
ii) Jemmashian 440 

11. Argentina i) Concepcion del Uruguay 800 
12. Zanbia i) Kafue Flats 400 

13. Jordan 

14. Algeria 
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Working Group No. 3 

Research 	Priorities for Irrigated Use of Vertisols 

Chairman: M.A. Rasheed (Egypt) 
Rapporteur: Earl Burnett (USA) 

Members: 	 A. Khan (Pakistan) V.0. Sagua (Nigeria)
 
Mami Abderrehmane (Tunisia) D. Saunders (Thailand)
 
M.F. Purnell (Italy) 	 Chirtchart Smitobol (Thailand) 

Introduction: 

In the arid and humid regions of the world, where surface and/or subsurface waters 
are available, Vertisols are irrigated to produce a wide variety of crops suitable to the 
given climatic and socioeconomic conditions. 

In most of the developing countries, the irrigated crops on Vertisols are generally 
produced with traditional technology. The level of inputs is low. Tillage operations are 
done with animals and ordinary tractor-driven plows. Furrow and field flooding are 
the common methods of irrigation. 

Soil- and water-management requirements of irrigated Vertisols are different in 
many respects from the dryland Vertisols and other irrigated soils. 

To date, in many parts of the world, irrigated Vertisols have not received the special 
attention warranted by the problems peculiar to them. Therefore, there is an urgent 
need to identify and evaluate the problems of irrigated Vertisols. 

In this context, Working Group No. 3, through a deliberate discussion, has tried to 
identify the problems of irrigated Vertisols and research priorities for their solutions. 

The group agreed to list activity areas, and each individual country submitted its 
priority for research. Egypt, Nigeria, Pakistan, Sudan, and Tunisia expressed great 
interest in participating in an Irrigated Vertisols Network. 

Research Priorities: 

Activity areas considered by the group were: 

i. Drainage 
a. Surface 
a. Internal-waterlogging 

2. Salinization and/or sodicity, including alkalinity 
a. Soil salinity problems 
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b.Saline irrigation water 
c. Salinization from groundwater
 
d.Salinization from using return flows
 

3. Irrigation scheduling 
a. Water requirements of irrigated crops
 
b.Frequency of irrigation for each crop
 
c. Limited supplies of water
 
d.Water of poor quality
 
e. Improved methodology, including delaying irrigation until cracks form to 

improve water entry 

4. Crops and cropping systems 
a. Extend range of crops suitable for irrigation-maturity types, etc. 
b. Multiple crops for irrigation 
c. Relay cropping 

5. Soil and land management 
a. Improved methods for water conservation in semi-arid areas with limited irriga

tion water. 
b. Use of limited crop residues for water conservation. 
c. Improved irrigation water management-forage, etc.
 
d.Techniques to improve crop establishment due to crust formation, etc.
 
e. Improved machinery to modify land microrelief to improve surface drainage
f. Improved soil workability or tilth to improve water intake rates, crop establish

ment, etc. 
g. lmproved fertilizer use efficiency, including placement, rates, timing, 

micronutrients. 

6. Soil characterization 
a. Characterize Vertisols in network countries for improved technological 

recommendations--extent and kinds of Vertisols. 
b. Explain variability in productivity of adjacent Vertisol fields. 

7. Other 
a. Weed control
 
b.Soil testing and crop-yield responses under irrigation
 
c. Standardized methods for evaluating nutrient deficiencies, as by soil testing, 

foliar analysis, and field trials. 
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Possible Experiment Stations for Irrigated Vertisols Network 

Country Organization/ Location Crop 

Argentina Concepcion del Uruguay Rice only 
Res. Stat. 

Egypt National Research Centre, Cairo 

Nigeria Lake Chad Res. Inst., Maiduguri Wheat 
Barley
Vegetables 
(e.g., onions, 
tomato) 
Rice (supp!.) 

Pakistan Pakistan Ag-ric. Res. 
Council, Lahore (humid), 
Jacobabad (arid) 

Sudan A.R.C., Gezira Research Station 

Tunisia Centre de Recherches du Genie 
Rural, Tunis 

Direction des Soils, Tunis 

Venezuela Estacion Calabozo, FONAIAP Rice-pasture 
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Working Group No. 4 

Priorities for Validation of Technologies 

Chairman: R.P. Singh (India) 
Rapporteurs: C. Valverde (Netherlands) 

M.S. Reddy (India) 

Members: H. Eswaran (USA) D. 	Sharma (India)
A.D.R. Ker (Canada) S.M. Virmani (India)
A.R. Maglinao (Philippines) M. 	 von Oppen (India) 

Introduction: 

The group concentrated on establishing priorities for validation of technologies. It 
was agreed that rather than concentrating on a given technology, components should 
be identified from the different improved technologies available elsewhere. First, the 
network should verify, test, and validate the improved technologies developed by
various institutions such as ICRISAT, ICAR (AICRPDA), ACIAR, and the USDA
Soil Conservation Service in Texas. It is essential that the proposed national cells 
consider these available improved Vertisol management technologies before selecting
the components suitable to local needs. 

It was suggested that the Vertisol management network should evaluate the follow
ing prerequisites for the establishment of national cells. 
I. 	Establish a common objective and then set priorities. 
2. 	 Allocate resources by the national research programs for the network. 
3. 	Identify tile comparative advantages of various organizations having improved 

technologies to determine leadership.
4. 	 Supply coordination and logistics, such as identification of a coordinator and the 

necessary infrastructure. 
5. 	Look at the levels of interaction desired. 
6. 	 Link national cells with international, regional, and other related institutions. 
7. 	 Establish principles for selection of areas of activity.

The following approaches to transfer of improved technologies were suggested by 
the group:
 
" Simulation models available for crops such as wheat, corn, sorghum, and rice in
 

developed countries and in various international organizations could be a useful 
means for transfer. 

" Established statistical relationships are very well-known tools for technology 
transfer. 

" Benchmark studies, which have been in existence for the last two decades, are very 
useful for analogue transfer. 

* 	 Although whole-farm models are least known, they are good for assessment of 
technologies. 
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Priorities for Research: 

National cells having primary focus on the following research aspects were suggested 
for priority consideration: 
* 	 Resource-poor farmers 
* 	 Systems emphasizing food crops 
* 	 Systems using low monetary inputs 
* 	 Technologies concerned with ecological balance 

In addition to these research aspects, the groups felt that the following three compo
nents should be emphasized for research on improved management of Vertisols: 
* 	 Soil and water management 
* 	 Crops and cropping systems 
* 	 Machinery and farm implements 

Recommendations and Conclusions: 

After considering specific objectives, mechanisms for transfer of technologies, and the 
priorities for research, the group suggested the following. 
* 	The need for backstopping national cells (e.g., support by able institutions in basic 

research) should be considered. 
,The validation could be for a package or a component. 

* 	 All the organizations national, regional, or international--should be treated as 
equal partners in the network. 

Tentative Proposal for
 
Mediterranean Region Vertisol Network
 

This (Iraft was presented as an example o/'a mini-network bi' climatic region. 

Delegates from the Mediterranean Region felt that, due to the commonality of climate 
management problems and predominant crops on their Vertisols, there was a strong 
case for forming a Vertisol network for the Mediterranean region. 

However, since only three countries (Jordan, Tunisia, Syria) were represented at the 
conference and since time was limited, the delegates proposed that a small and short 
workshop (under the auspices of IIBSRAM) should be called in the future, which 
would bring together a greater representation of interested scientists. 

It 	was thought that such a workshop could: 
a. 	 be held within 12 months 
b. 	 be funded independently from IBSRAM 
c. 	 be organized by scientists from the region. 

It was suggested that this workshop could produce a tightly framed proposal, which 
would initially concentrate its efforts on wheat (the predominant crop grown on 
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Vertisols) and would involve the promoters in regional research, testing, and demon
stration of simple improvements in management on farmers' fields. It was hoped that 
the proposal would include site characterizations through soil analyses and climatic 
data collection (principally rainfall), which would enable analyses of data across the
region. Indeed, with a uniform trial design, a uniform set of treatments, a single crop, 
and a single soil type, this would be possible. 

-Statement prepared by P. Cooper of ICARDA, 
22 	Feb 1985. 

Outline for Preparation of an IBSRAM-spensored 
Project Proposal by a Network Cooperator 

This outfine waspreparedbiparticipantas ain .ample of 'hat shouldbe contained 
in a project prol)osal to he suhniitted/ to IBSRA M. 
I. 	Brief statement of sociological setting, extant agriculture, etc. 
2. 	 Statement of the problems (emphasize) 
3. Objectives of the project (enplhasize) 
4. 	 Program of work 

a. Applied research and or on-fairm testing---Phase I, 3 to 5 years 
b.Validation, if necessary Phase 2, up to 10 %ears 

5. 	 National component 
a. Location and personnel 

i. 	 Institutions and agencies---executing agency; director of project; responsible 
officer, etc. 

ii. 	Personnel resources - number of scientists, type and level of expertise; percen
tage of time to be spent on project.
 

iii.Technicians number and roles
 
iv. Administrative and office support 

b. Physical resources 
i. 	 Laboratory facilities and equipment 
ii. Field facilities, such as experimental sites and equipment 
iii.lransport 
iv. Other facilities, including housing; other infrastructural facilities, such as 

possible collaborating institutions, etc. 
6. 	 International component 

a. Personnel 
i. 	 Visiting scientists--number, expertise, duration needed, and at which stage of 

project needed. 
ii. Technologies (if any)--number and specific needs 

b. Field work support 
i. 	 Equipment, machinery, and supplies 
ii. 	Field operations 

c. Consultancies 
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7. Budgets 
a. National component 
b.Donor component
 

Administrative costs-IBSRAM
 
8. Names, titles, addresses (including telex or cable), official channels of 

communication. 

Project proposals should be sent to: 

Mr. G.B. Gresford 
IBSRAM Interim Administrator 
ACIAR 
G.P.O. 1571 
Canberra 2601, Australia 
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