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Figure 1. The semi-arid tropics (shown in brown). 
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ICRISAT IN THE EIGHTIES: A 10-Year Plan 

1. Background 
The International Crops Research Institute for the Semi-Arid Tropics (ICRI-
SAT) was created by the Consultative Group on International Agricultural
Research (CGIAR) in 1972 on the recommendation of its Technical Advisory 
Committee. It -..as the first new research center established by this informal 
association of governments and foundations brought together in 1971 by the 
World Bank, FAO, and UNDP tc increase food supplies in developing 
countries. 

1.1 !he Mandate 

The mandate of ICRISAT is to: 

1 Serve as a world center for the improvement of grain yield and quality
of sorghum., millel, chickpea, pigeonpea, and groundnut and to act as a 
world repository foi the genetic resources of these crops. 

2 [Dovelop inpioved farming systems that wI help to increase and 
stabilize agiicujlttjral production throtugh pore effective use of natuial 
arid hUmanll re.sou(rces in tIe seasonally dry senir-arid tropics. 

3 Identify constraints to agricultural development in the semi-arid trop­
ics and evaluate means of alleviating them through lechnological and 
institutional changes. 

4 Assist in the development and transfer of technology to the farmer 
through cooperat..n with national and regional research programs, and 
by sponsoring workshops and conferences, operating training programs, 
and assisting extension activities. 

1.2 The Basis for the Mandate 
The Semi-Arid Tropics (SAT) 
Following Troll's classification, the sermi-arid tropics are areas where monthly
rainfall exceeds potential evapotranspiration for 2 to 7 months and the mean 
monthly terriperature is above 18"C. The areas with 2 to 4/'. wet months are 
called dry semi-arid tropics and those with 4/., to 7 wet months are called 
wet-dry semi-arid tropics.The semi-arid tropics comprise all or part of 49 
countries on. five continents (Fig. 1 ).The total area is around 19.6 million km, 
supporting a population of more than 700 million people. Of the 49 countries, 
all but Australia are classified as less developed.

The Indian subcontinent has tne largest semi-arid tropical area of any of 
these developing countries-about 10% of the total SAT. But on a regional
basis, the largest geographical areas lie in West Africa (24%), East Africa 
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(220%), southern Africa (20c), and Latin America (190). India has by far the 

largest total population in the SAT, more than 400 million people or 55% of the 

total. Next are the countries of West Africa (13o), Latin America (11%), 

southern Africa (5%), other Asian countries (8%), and East Africa (80/%). 

The Mandate Crops 

Sorghum and pearl millet are the fourth and fifth most important cereals of the 

world. Together they rank second to rice in cultivated area in developing 

are the cereals of the poorest countries and thecountries. Generally, they 
poorest people in those countries. In assessing priorities in 1975 the Technical 

Advisory Committeo of the CG!AR (TAC) drew attention o the fact that cereals 

contribute some 70%/ of overall energy supplies in human diets in developing 

countries. Sorghum and millets together rank first, among cereals, in calorie 

intake in Africa and third in Asia. Among the millets, pearl millet is the rmost 

important in the SAT and thus requires major attentioi-. The minor millets such 

as foxtail millet (Se lara italica) and finger millei ,Eieusine coracana) are 
important regionally in some SAT situations. 

The demand for these cereals is also increasing in the developed countries 
used for animal feed. Sorghum, particularly, Jis becoming anwhere they are 

of foreign exchange fcr the developingimportant export item and earner 
countries and a source of cash for producers. 

World sorghum production has been growing at a compound annual rate of 

about 2.8% since the early 1960s, ,vhile production in the semi-arid tropics has 
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grown somewhat faster at 3.8% per year. Over the same period world pearl
millet production has grown at less than 1.3% per year. Production growth of 
pearl millet in the semi-arid tropics has lagged behind that in other regions and 
stapds at just over 1% per year. 

The World Bank and the World Food Council both project that demand for 
coarse grains in developing countries will grow at a rate of around 3.6% per 
year up to the end of the century. This is far in excess of the historical growth 
rates of wcrld sorghum and pearl millet production. 

Although historical sorghom production growth in the semi-arid tropics
exceeds the projected de;nand growth in developing countries, there are 
maior regional imbalances. In West Africa over the last 20 years sorghum
production has been growing at a rate of only 0.7% per year. In southern and 
eastern Africa over the same period sorghum production has been growing at 
less than 2.7% per year, and in India at just over 1.6% per year.

Among the major pearl millet growing regions in the semi-arid tropics, 
southen and West Africa have had the poorest production records. In the 
former, production has been declining at 0.5% per year and in the latter a 
growth rate of around 1.0% per year has been expericnced. India and eastern 
Africa have nad somewhat better records although their growth rates of 1.3 
arid 2.9% per year, respectively, are well below projected demand growth. 

It seems clear that the developing countries within ICRISAT's mandate 
region will experience either increasing shortages of sorghum and pearl millet 
at present prices or, more likely, much higher prices and large numbers of 
low-income people with unmet food needs. One estimate from the USDA is 
that unmet tood rieeds in SUc>-Saharan Africa could be between 9 and 13 
million toines by 1990. 

Chickpea and pigeonpea are the most imoortant pulse crops of the develop­
ing world and of the serni-a'id tropics, maii'y because they are first and 
secc id in importance in the ,ndian subcontinent, which produces 80% of the 
chickpeas nirid 9=b of cornmercial pigeon'eas 

Chickpea is an important crop throughout West Asia, around the Mediterra­
nean Sea, and in parts of East Africa and Latin America. A growing market in 
the United Stfa.ites for chickpea is supplied principally from the semi-arid 
regions of Me>xico. Pigeonpeas are grown throughout the SAT, particularly in 
Fast Africa, in Central America, and wherever people of Indian origin have 
settled around the world. Forty-nine countries currently exchange pigeonipea 
gerr,,asm.v,,ith ICRISAT. 

Demand for pulses in the developing world is projected to grow at a corn-
Pourd annual rate of between 2.3 and 2.7 % to the year 2000. !n India,
production of chickpea has been growing at an annual compound rate of only 
07% from, the early 1960s to 1978. During tme same period world chickpea
produrion has been growinci at abou. the same rate. Production has been 
declining at almost 2.9% per year in the SAT countries of West Asia and by
&07% in eastern Africa. World pigeonpea production has been growing at an 
annual rate of 0.9% over the same period. The growth rate of pigeonpea 
production in India ha- been less than 0.9% per year. 
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The above figures suggest that tuere will be a majoi production shortlall in 

pulses in the semi ari tropics, especially in India, if these trends continue. 
Groundnut is the most impurtant oilseed crop of the semi- arid tropics Areas 

in excess of 100,000 ha ar planted to gronodnuts in 24 countries, 95% of 

which ane less develow.i(I (cmorrires As a combined o:lseed and food crop. 

groLindrnut r? nks seco'd (Aiv1( ;ovbeans, ai d it is the most important oilseed 

in the feveloping wrild in 19 ) 80 India alone spent approximately US $800 

million on Ii' import of vgetable oils 

The projectud deficit between dernland for oil seeds and supply in] developing 

countries ,i200(; is alarming. Demand is expected to grow at a compound rate 

of about 3 9P anually GroJrnrnuts. a iajor source of vegetable oil in the 

semi-ard tropics, has had a Poor production record in the region and has 

growr at less than 0 21o a year. Inserri-arid West Africa, rrILndrut production 

has been declirni at a rale of nore than 4.0% anrially Indias record is not as 

bad but its growth rate of 1 6% is well below projected derr ind growth 

To meet the challenge of these protected deficits of cereals, pulses, and 

oilseeds in ICRISAi's n reglon. wed']n(Jate must identify and develop techno­

logical iprovemnents that will enhance the growth in productivity, 

Technological and Socioeconomic Constraints in 
Rainfed Agriculture 

Traditional aoricultural systems in rainfed SAT areas have evolvLd over a long 

period to provide something to eat in all bult the worst years. The technology is 

based on the use of traditional varielies and tools and human or animal labor, 

whichever is available A high economic return is not the major goal and there 

are many technologica and sacioeconom'c constraints to max~muni food 

prodction 
Because of the largely i-rodependable ,istribiitor of rainfali. divers:,fied 

cropping Is the rule, the ecological balance is precarious, livestock/cropping 

interacti(ns are significant and complex. and what infrastructure is available 

has a consirerab e influence on tihe cropping decisions made by farming 

families The-vast malority of farmers in the SAT are of li'iited means and can ill 

afford the cost of technological mistakes. Technology options that involve 

averane risks must have large econonic reviarns to make themgreateor -han -­
tirmandate requires research on the technological andattractive to farmers () 

SOCic fOOfilcaspncls of lhe farming systems within which farmers musf 

operate., and on!y within which crop prodtCtion can be increased through the 

transfer of technoo (iy 
Agriculural research in the developing couintries of the SAT has generally 

been aimied at iinicreasing prodaclion of commercial crops. Our concern is for 

food croos in rainfed agriculture in less iopendable rainfall areas The gap 

between the income of people in ir igated areas and rainfeJ regions has been 

growing oeove. ov m enrrinets realizingare that the potential of the semi­

arid tr(,pjc'r; to p)ro(ier fe(i fdtr exceerts present prmud tion leveiz The 

Potential for mderen agriculture does exist 
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The Transfer of Technology 
A limiting factor in the process of the communication of research findings to 
client groups is the lack of scientifically trained manpower in many SAT 
national research and development programs. The relatively few scientists 
and skilled agricultural staff already at work are restricted in their access to 
new technology, literature, and germplasm. There is a need to reduce their 
isolation and increase their perspectives and their knowledge of methodolo­
gies, including the selection of cultivars for adoption on-farm. This can be 
done through training and conferences, improved communications and'by 
expanding our outreach programs. 

2. ICRISATs 10-Year Priorities and Goals 
2.1 The Target Groups 

Over the next 10 years ICRISAT's priority target group will continue to be
 
the small farmer of limited means farming his land with few inputs and
 
without the benefit of regular irrigation, but with the help of his family and
 
some landless labor We include all these dependents, plus other v'ilao­
ers who supply the farmer with goods and services and receive ood and
 
payment from him in return, within the pimary target group.
 

In the rainied semi -arid tropics virtually all fariners are small farmers in
 
the sense described above. ICRISAT serves ahe smlltfarmar best by
 
devising means to increase the productivity and stability of his major food
 

I 	 staples and improving the efticiency of his use of water, capital, and other 
scarce resources His staple lood crops roust be of good quality, be 
resistant Ic major diseases and pests, tolerant to the common stresses of 
the SAT, responsive to inputs and go.ri management and capable of
 
giving fair yields under low inputs and poor management.
 

While the small tarmer and his dependents are our primary target, they
 
are not our sole target group. The CGIAR has endorsed the first piioity
 
objective of its Technical Advisory Committee (TAC) of ensuring ada­
quate aoods;upplies in the developing world. ICRISAT, thus, rolust be able
 
to provide breeding materials and suitable cultivars of its mandate crops
 
to all Ni,o endeavor to tulfill this basic objective Similarly. while our crop
 
improvement mandate is focused upon the semi-arid tropics, it is not
 
restricted to the SAT. Producers of our mandate crops may benefit from
 
our research wherever these crops are grown. 

2.2 	 The Client Groups 
National Scientists 

ICRISAT's immediate clients, the direct users of our outputs, are the scientists 
of national institutions in the SAT countries. National scientists are responsible 
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,or producing improved cultivars ind new technologies for the farmers of their 
countries: ICRISAT undertakes ree,(;arch that contributes and compliments 
their efforts. Our regional and cooper ti (! programs are aimed at streng',hen­

ing their resedrch institutiions and pic.rams From workshops and conferen­
ces we obtain their assistance in )lahiiiig otir research. National research 

scientists and their technicians ( , , n ost Of our trainees. 
We empnasiie in our research what national scientists cannot or do not do. 

We introduce genetic diversity by brinlging together at one place a substantial 

germplasm collection, including most of the natural IF.ndraces that are availa­

ble, and incorporating this diversity into tne breeding materials 'at we make 

freely available. We offer then advanced materia;s through our network of 
international trials. 

We develop new methods of plant breeding, or improve olo methods for new 

situations. We emphasize resistance to widespread diseses and the worst 

pests and tolerance to major stress factors such as drought and poor soils. We 

try to pursue difficult problems with great concentration and wito sufficient 
resources. 

We utilize and deo nstrate a multidisciplina y team approach incorporating 
the physical, binological, and social sciences 

National Research Programs and Institutions 

In India, the scient:rts in cur client grup work mainly in the state agricultural 
universities in nationally coordinated programs. We have established cooper­
ative agreements in crnp irrprovement research with universities in Tamil 
Nadu. Karnataka. Madhya Pradesh, and Haryana. We will continue to assist in 

strengthening these institutions. 
In Nigeria ICRISAT cooperates witn the well-equipped Institute of Agricul­

tural Research at Ahmadu Bello University. In other African countries where 
we have cooperative progiarns, the nationai scientists work in government 
research agencies Where these agencies are short of facilities or land suita­

ble for ,eserch. ICRISAT has built facilitics and developed research farms. 
Some ICRISAT scientists have been stationed in those agencies largely to 

serve the national research elforts. These aspects of our work are likely to 
diminish over the next 10 years as others assume the role of institution building 
and national scientists are traine d and auooir.ted 

Extension and Action Agencies 

In African countr:es more than in India, we will produce finished varieties of 

sorghum and millet Most countries south of the Sahara do not yet have 

sufficient numbers of trained personnel to develop exiensive networks of 

research and. for a few more years, ICRISAT scientists employed through 

cooperative programs must tunction partly as national scientists in these 

countries. The varieties and improved practices they require are taken by 

extension agencies and tested on farmers' fields. We assist in establishing and 

evaluating the trials 
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Our farming systems research has substantial demonstration value.
 
Inproved technology for deep Vertisols in the semi-arid tropics of India has
 
reached the stage where 
 it is being tested on-farm and in pilot projects.

ICRISAT will advise extension and action agencies that wish to use this
 
technology. Training is being given to state agricultural officers, bank agricul­
tural advisers and voluntary agencies, so !jat they may the, i i,nplement the
 
technology more widely through the country.
 

The ICRISAT Governing Board has established a Transfer of Technology
Committee to determine which researr'h results can be appropriately trans­
ferred through training program, conferences, workshops, and cooperative
 
programs with national i,stitutions.
 

2.3 Geographic Areas of Concentration 

Of the two major divisions in the SAT-the dry and the wet-dry semi-arid
 
tropics-ICRISAT will concentrate its efforts in the former, that is, in the region

with 2 to 4 ,wet months in the year. However, some work on sorghLm ind the
 
leguminous crops will be done to directly benefit the wet-dry region We hope

also to improve our cooperative relations with other research agencies work­
,ng particularly for this region.
 

Over the next 10 years ICRISAT will develop a larger regional program.

Regional groupings of participant countries have been developed for each
 
crop, and priorities of and for each region have been established by consulta­
tion with national scientists and by statistical and program analyses within
 
ICRISAT. All regional programs will be developed with the guidance and
 
cooperation of relevant national instilutinns and programs. South Asia will be a

first priority region for sorghum, pigeonpea, chickpea, and groundnut. Subre­
gions within this region have also been identified.
 

ICRISAT is concerned about declining food production in West Africa and
 
intends to make 
 a serious attempt to introduce new plant materials and 
technologies that can be used to arrest this trend. West Africa will be the first 
priority region for pearl millet and a high priority region also for sorghum,
groundnuts, and associated farming systems and econonics programs. It will 
be served from ICRISAT's Sahelian Center in Niger and other regional loca­
tions in Upper Voita and Nigeria.

Eastern and southern Africa will have next claim upon our attention. ICRI-
SAT crops are or have been important foord crops in these regions, and there 
is clear recognition that maize production nis been extended beyond the 
crop's agroclimatic limits. Sorghum and rnillt.q can offer safer and culturally
acceptable alternatives if modern input-responsive cultivars can be maoe 
available. The Heads of State of nine southern African countries have asked 
ICRISAT to establish a regional center and we will respond specifically in 
relation to sorghum, pearl millet, groundnut, and dryland farming systems.
Eastern Africa will be a pricrit region also for pigeonpea and to a lesser extent 
chickpea. 
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West Asia and the Mediterranean are important chickpea-producing areas. 

ICRISAT is serving this region directly by st tioning its scientists at ICARDA in 

a cooperative research program. 
ICRISAT crops are important also in Latin America, Sorghum has potential 

as a focd crop for small farmers in Mexice and Central America, where 

pigeonpea is also important Sorghum and millet have considerable potential 

for feedgrains and forages throughout thU regiorli ICRISAT will sr ive this are3 

mainly through cooperative agreements with U S. Universities, but sorme direct 

input from ICRISAT Center will be necessary Pulse yields in particular must be 

substantially improved to reach production technology levels relevant to South 

American economic conditions. 
The region of Southeast Asia and the Pacific is rportant for sorghum, 

groundnut, and pigeonpea. It will be served mair,:y rrom ICRISAT Center and 

through cooperative agr(emonts with such other agencies a. the LSCAP/ 

FAQ Center for Coarse Grains, Pulses, Root Crops, ar, JTubers in Indonesia. 

2.4 Priotitic a ro i Pro.j mms 

After 10 years of q ro'vt 0 the priorities among programs are well established 
lntations.and can be i t roin cu~rrenl core and special pr'oect budget pres 

The global Sorm(1/in iin)rOvwrie ot piro rain is arid will continut to be the 

rr'pal staff Pearl iillet andI groundinut havelargest in lunds and 1r1(1r.)he S f 

prograrns of t,( ta!wnro(ira ris in pigeonpea and chickpa, 

which am coi -J. ' a si'Io F a I rliovf reni Program. arc sorLrwbwhal 

sr'rall'r 
The Farmirg Systernis Re' a nrrh Prograrii ;i larq hrtharn the sorghurir pro­

rtlatin i ay change over th(' n t lM years Th piograi ingraim it thit; 
IIis aEconorics is ni(tI te - rr s /e as lie proc:rar, fIo1eac"h ptil ;e crop 

large program in s ml sciences by IARC strIdard; made i(ces sar/ by the 

imany eOi'orll( anid ;ociail or ant S affecting small furrois in lainfed 

agrcoltLre 
Tranin( at CftS' A , particularly because ofTmprtarceven substantial 

th(-, dearth il traired p n(pie in the Semnl-iarid tropics ou ;ide of India, and 

becaise the taran-,fer aif farming systo; te:in(w(loly. which has higJh site­

factor and cirmniexity corisi, ainls reg(LJr(; intliit( knowlog(e of all aspects 

of all the nrarcices involved. 
Genetic Resources requires substantial In)pJt becaLJS( Of the several crops 

t!,, primary collector and repository.for which ICRtSAT acts as 

The order of priorities are in general agreement with priorties accepted by 

the CGIAR in its review of the TAC Paper on Priorities /190) Forward 

over the next 10 years assume limited growthprojections for all prograrns 
mainly through Increases in core program resources A separate section in 

each program rarrative discusses changes in priorifies under other growth 

assumptions 
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Initi lly a major effort was made to develop resistance to shoot fly. Much has 

been learned about the insect and its ecology; a useful screening procedure 

has been develooed, and several traits contributing to resistance have been 

identified. Varieties are now available in a reasonable agronomic background 

with increased levels of resistance. Stem borer is of major importance: rearing 

and infesting techniques are now available, and sources of resistance are 

being identified. An effort is being made to improve our capability to screen for 

midge and headbugs 
A Useful consistent procedure to screen for grain mold has been developed. 

and virtually all of our breeding pojects have material in this program. Proce­
are beingdures to screen for resistance to downy mnildew and charcoal rot 

developed, and a screening piogram for resistance to anthracnose and other 

leaf diseases has begun 
Progress has been made, both in developing screening procedures and in 

learning more about control-nanagement techniques for the parasitic weed 

Strigra This work is going on both iii West Africa and at ICRISAT Center since 

different species of Stng. exist in Afica and India. 

Progress has been made recently to screen for aspects of drought and heat 

tolerance and stand establishment. Generally breeders nave developed early 

drought- escaping vaieties, we can now evaluate other mechanisms leading 

to resistance 
we used two SourcesIn breednq for high lysine and better food n: ,ality grai, 

of high lysine one. a stnrurnken-seeded type from Ethiopia and another, an 

m u hva'sre 0 1r(i) llT d!,,el(ping high­opaqrue fner lJcvf- s heeri 

lysine varie ies wti acceptable niormat grain. It is now clear, as with opaque-2 

maize, that the ,-(uluti(On to this problem will reqJire a substantial investment in 

research A learm of scientists has been invclved with this arid related prob­

lenrs at Purdiue Universoty for many years. we are liaising closeiy with the 

University To maintain focus on yield ard stability with good quality of grain, 

ICRISAT has shifted (emlphasis to deterine tood quality preferred by consu­

mers inAsia, Africa. and Latin Arerica. We have made considerable progress 

in this direction 

Priority Regions 

With substantial inp,t from sorghum breeders throughout the world, and 

from within the semi-arid tropics, we have identified functionalI)articularly 
geograpl ic regions, zones of adaptation and priority problems for sorghum 

impr overr, ,nt Geographic functional regions are areas of such a size that 

coordiration of research is recormrnended. They are listed in Table 1 . with 

overall iioulance being placed on the Indian subcontinent, western Africa. 

eastern Africa southern Africa, Central America, and Mexico. While the SAT 

zone produces sorghum primarily for human consumption, the non-SAT zone 

(except China) produces It mostly for animal feed. There are noticeable trends 

of increase in lernand from some areas (L.atin America, East Africa) for 

sorghLJm as direct hLirnart food, particularly in areas that are marginal for the 

prodiction of maize 
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Table 	1. Geographical regions 

Functional re(ion 

PRIORITY 1 

Indian 	suhcon tinet 

Vvest Africa, low to 
inteillei iate lainfall areas 
(Nicn(ia, Senegaibia, Sudan, 
Mali, Upper Volta) 

West Africa, high rainifall 
areas 


E,'istrr 	Aff iciI arld Ymrei 
(Ethiopjia, K 'nyti, Tanzania, 
Yemen.11 	 (etc. 

Souttheiln A IiiAfc 
iZ i ihbvw , M17 111IiC(Lie, 
Mali,.Vl, 8ttswiuna, etc. 

Central Amntica arnd Mexico 
Mhexl:c(, Li Salvador, 

U air tirnm ala, II inrdurras, etc.) 

PRICORI rY 2 

ropit 	l Smith Anit einc 

F-ar East 
Southeast Asia 
Ml;ti torlanella - U SSR 

(Oittriliil ti lo; Ril ions 

emoltrti Aiertica 
O:eania (oti1ailx Aiustralia) 

includi)n( 

Area 
(Mi 1ion 

ha) 

16.6 

13.4 

22.9 

6.2 

0.8 

1.9 

0.65 

8.6 
0.5 

7.9 

0.4 

Sou:ce: Adalrpted frno FAO Oroductiori Year 

ae-a 	 nlld(er SO,'(hII l,and yield. 

Ave Iagqe Rel evant
 
yield IIajor
 

(kg/ha) collaborators 

784 	 ICAR and aciriculttal 
111i ver si ties 

654 	 Research agencies in 
region such as USAID, 
IRAT, FAO, IDRC, 
ICIPE, INTSORMIL, and 
many national prograims 

655 	 Developing research 
progItams by SAFGRAD, 

CILSS, institut du Sahel 

956 

758 

1655 	 INTSORMIL and natonal 
programs 

2171 	 INTSORMIL and national 
progiam s 

1043
 
1183 

2508 	 National 

1812 	 progranis 

Book, 	Vol. 32, 1978. 

Zones o! adaptation have been identified within geographic functional 
regions. Ihey are defined roughly by rainfall and length of rainy season (low, 
intermediate, high), latitude (temperate, tropical), and elevation,(low, interme­
diate, high). Movement of sorghum within similar zones of adaptation, within or 
across geographic functional regions is expected to result in similar crop 
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Priority Regions 

The major pearl millet growing areas of the world can be divided into four 
zones, all in less developed areas of the semi-arid tropics. Two zones I and III 
have relatively high priority (Table 3 and Figs 2 and 3). Within zone I there are 
several Sahelian countries that depend on pearl millet as a staple cereal and 
they face the possibility of a chronic food shortage in the next decade. 

Research Priorities, Strategies, and Goals 
The major thrusts in research will continue to be problem-oriented, and 
r. )ducts will be developed through interdisciplinary work. 

1. Environmental stress 

In studies on environmental stress, the first thrust will be in developing screen­
ing and breeding technicues for improving resistance to moisture stress. 
Some progress has been made, and this work should be completed by 1985. 
The techniques will be routinely used in breeding hybrids and varieties to 
withstand moisture stress situations. 

T ihlI, 3. C) I I iII II I I" ,I, t -,/ft In r Iimin iI ol o(n, , ol Ipea i In iIhlet p ro d ii:t ion ( 19:78 

Awa Avtoti(p 

Zititi PI IIrI ty 1h;1) 1, i,,'h I I aho ra to rs 

SaiIt l iitAfica 

Cmiepriooi, ('i1;d, M;al, 1 13.53 520 UNDP, USAID,
 
Milalan ia, Ni ilU, N igolin SAFGHAD, CILSS,
 
Sei.gi a'.u , Sidan, 
 FAT, Inst. du
 
Upip'tt V' Iti 
 Sahel, I DIC and 

national 
II. Snithiii tutd Eztisttin AfrIica tro(plir s 

nH)t.tsx EI,qylit, Ti iz,il i , 3 0.69 500 
Z0t1it la,Z inilh w-

II. N . In1(fi; &' 11;1 .'+till 

(3ttitii , iiiiyrl;itli 2 8.39 430
 
MNldhyai f:r't,h,. Punj b
a , 

Raja'stiai, Uttir Prafesh), 

& Paklstart 

ICAR and 
IV. Cri a l F, Sitiii India universities 

Arihir, Pratf , Kinratala, 4 3.31 420 
N ,th 1t (ti1,limil N atull t 

Souit : FA. Pr(titt mi Y i Bmk, 1978, Infitn A(iricitlurn in Bi i , 17th 
if(., 1'118, Wit id A i iltiiittrai At! an, VoI. IV (Africa), 1976, Bajra 

PItikiLititl , If) 1.9/6, Pakisar A uicui turnes' iFt,rch C tincil. 
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Figure 2. 	 Reported area planted to pearl millet in Africa (1978), 
priority 1 zones in brown. 

One dot equals 20,000 hectares
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Figure 3. Reported area planted to pearl millet in South Asia (1978), 
priority 2 zones in brown. 

One dot equals 20,000 hectares
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ute to instability of productio,-. Major objectives are to incorporate into 
advanced oreeding material sources of resistance to drought and disease, 
efficient use of low levels of soil fertility, and possibly capacity to stimulate 
nitrogen fixation. Utilization of geimplasm is fundamental to most of these 
activities. ICF,ISAT has an extensive and still expanding germplasm collection 
that is a major source of unexploited variability. The systematic mobilization 
and dissemination or germplasrn variability through crossing and progeny 
selection will Le a priority objective in the next 10 year,,. 

The production of new seed parants will also receive continuing emphasis,
this being a support function in terms of providing other breeders with the 
means of discovering new hybrid combinations. The first new seed parent was 
io(:ltas-,X iii 1982. arid others are likely each year.

In India the national coordinated program of research in pearl millet is 
strong, particularly in developinc hybrids. We will complement the work of this 
program by supplying techniques and breeding materials and sharing knowl­
edge We will maintain the population breeding approach so as to develop
high-yielding varieties elevant to the national program in India and abroad.
 

In African millet growing countries increased production will result from a
 
combination of change in farming practice and genetic improvement within 
the context of raintall limitations. Though the existing landraces have good
stability of yield, they are relatively inefficient in converting growth to grain.
New and more efficient plant types are needed inSahe!ian Africa and, since 
expcrience has shown that exotic germplasir, cannot survive the high pest and 
disease pressure there, breeding must be done In situ. This process has 
starte(d in i, countries slminriinq the region 

The exposure of test materials to the high disease pressures and disease 
variability in West Africa, particularly for downy mildew, have been useful in 
identifying resistances that are not location-specific and hence reliable for 
breeding use both in Africa and India. 

The total ICRISAT program is designed to provide the technology necessary 
for national scientists to substantially improve millet grain production. This 
includes socioeconomic information and an understanding of the physical and 
biotic constraints to yield and ways to ameliorate them. The Farming Systems
Research P'ogram will conduct research on the soil-related constraints and 
the exploitation of intercropping, while the Pearl Millet Program will work on 
combining genetic resistance to stress with increased grain yield potential. 

In addition to our listed objectives, which are applicable to all zones, further 
research priorities are needed in Africa to: 

" Determine effective adaptation zones, the type of cultivar suited to each 
zone, and locate the most effective breedig and testing sites. We hope 
this will be done by 1985. 

" Determine the effects of interaction of photoperiod response, planting
time, and life cycle duration on yield potential, moisture stress, effects, 
and avoidance of head pests and diseases. 

* 	Begin a small amount of exploratory work on hybrids; screen for resist­
ance to Striga and incorporate resistance into new genotypes; a d
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identify, in collaboration with the Farming Systems scientists, varieties 

suited to improved intercrcppng patterns. 

Funding Implications 

If funds increase, work would be commenced in Zone IIand intensified in Zone 

I, particularly on adaptation and crop establishment factors and utilization of 

nitrogen fixation. We would also investigate the possibility of acquiring for grain 

production in pearl millet the following exceptional traits available in Napier 

grass (P. porpuieuml): high growth rate, high nitrogen fixation, disease immuni­

ties and resistances. 
In the event of a decline inavailability of funds we would effect economies by 

adjusting the volume of material, labor, and program travel. If funds decline 
further some breeding and microbiology projects would be shelved in Zone Ill. 

In considering possible reduction of effort on physiological and pathological 

problems it should be noted that pearl millet does not benefit from research in 

developed countries to the same extent as other major cereals 

Linkages with Other Institutions 

Excellent cooperation has already been established with national projraris in 

India and the Sahelian countries Links with other institutions will be strength­

oned and increased as appropriate to achieving program objectives. These 

already exist with USDA at Tifton, Georgia, arid Kansas State University in the 

USA and with Reading University, the Plant Breeding Institute at Cambridge, 

and University of Nottingham, UK, on various aspects of plant breeding, 

agronomy, and physiology 
The protoplast regeneration work on pearl millet currently being explored at 

the University of Florida and Colorado State University has possible practical 

applications Collaboration on nitrogen fixation research exists with the Uni­

versity of Marburg, West Germany, Rothamsted. UK, and the University of 

Florida, USA. Several areas of collaboration are expected with US Land Grant 

universities in he Tilie XII INTSORMIL project. 

Pulses 
Chickpea (Cicer ahetinum L.) and pigeonpea (Cajanus ca/an L.Millsp.) are the 

principal pulses of subsistence farming systems of the Indian subcontinent 

and important components of similar systems in other regions of the semi-arid 

tropics. More than 80% of chickpea and 90% of pigeonpea are produced in the 

Indian subcontinent. The yields of both these crops are low, and they conth ue 

to be grown on marginal soils with low or no input. However, in recent years 

interest in their cultivation has increased in nontraditional areas and with 

moderate inputs. 
Research in both these crops started almost from scratch and, except for 

India where a coordinated, well-supported program of research on pulses 

existed, there was little significant research effort. But even in the Indian 

program both these crops were part of an overall research effort on a large 
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number of pulse crops; thus specific attention to chickpea and pigeonpea was 
limited. The ICRISAT program had to give highest priority to collection and 
evaluation of germplasm resources and development of strategy for crop 
improvement. 

Chickpea scientists have developed techniques for screenng against
important diseases such as wilt, Ascocqyta blight, and stunt, identified !ines 
resistant to these diseases, and distributed them to the national breeders for 
use in their breeding programs. Lines tolerant to Heliothis have been selected. 
Sources of disease and pest resistance are being incorporated into elite 
backgrounds The breeders have made crosses between tall and dwarf and 
kabuli and desi chickpeas in the search for highe, yield potential. Efforts are 
beingi made now tu icorporate disease and pest resistance. We continue to 
ernphasize the study of melhodologies for breeding, inentification of chickpea
rhizobial strains, arid developmer_, of suitable agronomic practices for 
increasing production 

In recognifoo of the importance of the kabuli type chickpea for the Mediter­
ranean region, '.ve have started a cooper ative research program with ICARDA 
for k01,li i pir .rnenrit ,)f that type The propAmi is very useful for screening 
,or A.co:v,,, bhlgni resistane It has been established that wintel planting
ircteses prou(rictl(io so rifirc'" ti ov(r the, present syste ins of planting in 
Sprin provio; d A;'.Ur, s! bhlght iesstan!t varlieties are used Techniques of 
scr.enng. for A' r('(" ' I bi.ht res:starre have 7cerr developed r, i!resistant 
Suhuce ii(iitfir(t fi, i;SO 0 the Med.litr uroi. area and tht. Indian 
sUbcoolt ionrt 

In pigoouriea, orir research has resulted in the identifircation of extra-early
naturing lines tlat are tiseftul for many rionconventional areas in northern 

India in rotaton with wheat, ard irr Australia for mechanized cot!ivation under 
airted sitlations
 

Seleclon and development of veg etable pigeonpea 
 which is in demand in 
the Carihbean. Eas;t Africa. and parts of Ir,dia has resulted in the production of 
pronising material for use in tiese areas Identification of male sterile lines 
arid the; possibility of proiLdcing hybrds has opened up new avenleS for 
iiopriover yields Our collaborating sc rentists have determined that the poten­
tial yield of pigeonpea is very high under a rainfed production system with 
adequate inrputs Identification of lines resistant to wilt, sterility mosaic, and
Ph ltoohthotnablight and less susceptible to He/rothis offers poientialities of 
incorporating some of tnese traits in elite material to stabilize yields. Our 
scientists have found that of thO three ICRISAT mandate legumes pigeonpea
is the only one ii which ireide concentration can be used as an index of 
nitrogen fixalton _-sapacity 

Priority Regions 

In both chickpea and pigeonpea, overall objectives are the identification or 
development of genotypes with characteristics which will contribute to higher, 
more stable yields of acceptable grain type when grown under a range of 
cropping situations. 
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Table 5. Geographical functional zones along with area and yield f l)pIgeonpea. 

Avetatio Relovatit c:nnperative 

Are a yield researc'
 
Priolity/Z one (million ha) (kq/ha) pogrim
 

PRIORI TY 1 

Z one I 
a,
A. Northen Indi u 1.1 960 

(U.P., M.P., Bihn ,
 
and 11orth Indi;In
 

states) All India 
Coordinated PlIse 

B. ('ontfal aid 	 1.5 530 Improvement Project 
i a ;,CPe iui si ar I 

(NIiriifaish ta, Karnataka,
 
A.P., (j~iiut, Tamil Nadi,
 
01.'-l' id otthi St~ites)
 

Zoni I1
 

Kenya, UJqondil, 1 rizllil, 0.3 520 IDRC-suppotted le(iLl e
 
011nIiuR ia1w , L, cl'' 0.procyram 	 in Kenya 

Si'altheiia t A .ii,Blurm a, 
Thla nd, P '1 Sitan 

zont-IIIV 7
 

,
De inI 1ai(rlR lIeuhlic 0.4 1150 d Little orrlanizecd
 
111, W'' t ! i.s',amid 
 lse arch oilpi.leonlrea 

tilliti oI' III CLelttal Am r i'a il the le ion 

Zollo IV 

MV-St /\O i ca 	 FiIli;.- rot va ilable, huit alea
 
has qiood potential II ipigco leas,
 

which rew m10ostly rown il 	 a back­
yor clIop it p 'lrtro 

Sotrcin,: a. Direct(ilmtit If L(:ormilic. ;1lin1 Stiititics, CUI, 19178. 
h. FAO, 1 75.
 
c<.StaIlf-, wvith I1'.' tih il,0 (J00hil 1l111dol piq ;olpf'i.

,-" n le  
not
 

ri.St llS IJ rndividtIIlly hllt tl i d tl ii(li i'ithls .P rl id 

d. Fi(ilow illl Itli1d,yills of (tIow l 1001.< il(1d repeated hiravet.ts. 

on India and countries in eastern Africa. We will have to depend on special 
funding for pigeonpea research in East Africa, West Africa, and Centtal Amer­
ica and for chickpea research in South America (Priority 2). 
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The Indian subcontinent is the highest priority region for both pigeonpeas 

and chickpeas. Both crops are dmportant sources of protein in the diet of the 

people in India the present production of all puIses is 12 million tonnes, but the 

reauirement to mrnet dietary needs is 17 million tonnes. Thus there is already a 

deficit of over 30%. IC ,ISA Fwill do everything possible to assist the countries 

in the Indian subcontinent to Increase pulse production in the i 980s. 

Available statistics and 0ui own surveys in eastern and parts of southern 

Africa have revealed the mportance of pigeonpeas in that region Large areas 

of pigeonpea probably do not figure in the statistics because it is grown as a 

backyard crop by a large number of poor people. The yield of pigeonpea per 
Must serve that area on a highhectare is lower than in India, and we feel we 

priority basis 
iI western Africa are very suitable for growing pigeonpeas.Many colurrtr iw; 

If funds b~cnme available we will address ourselves to the needs of that region 

and of Central America 

Research Priorities, Strategies. and Goals 

are.Our high priority rosear ch tarIqets for the next decade 

1. 	Environmental stresses 

" Develor) scre(enocq techniq:Je, for st('ses sucin as moisture, salinity, 

high temperature, a , frost Ifr hic, pea. and moiStUr,( waterlogging. 

and sahrity in plLiw rU W ti :p)Ie ti&: tin the next , to 5 years these 

objectives Wmll i-chit'voedhte 
" Stijciy factors intliir.rcn qjrowth, di-veloprments arnd phenology in 

to ioi~fer et euvirmr( iter- t/nVmirharacterl,'nfl;ts -nd understand 

physiullqical tOass o)f adapt 010n and stability of yiel, Thesc. studies 

will be in cu,.ab ation vIt1 IIstituos-such as the U i'.,irsity oif Read­

inq UK of QuIjeensland. Auistralia YSI3. New Zealand.'ni.rsty and 

" ldentticMn of chickpea and I-iuorpea qerotvpes adapted to nontra­

ditional systemwS and analytsoIi) detenmireothe major factors limiting 

yields orl forms co)Impared wilh research stations lyeild--gap analysis) 

2. 	 Disease stress management 

9 Develop elite disease res istant materials 
e Scmeen germolasin for additional sources of resistancelo wilt, root rots, 

stunt. B on yl5 otey mold. and A scochyta blight in chickpea: to wilt, 

Phytnp/htOota blight, and sterility mosaic in pigeonpea, and distribute 

sources of resistant material through international nursery programs. 

Study the influence of cropping systems on the incidence of soilbor;.* 

diseases
 

as Altemnanao Develop projects on emerging disease problems SLIch 

blight on postrainy season pigleonpeas 
* 	Investigate epidemiology of chickpea and pigeonpea diseases and 

survey potential disease problems 
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3. Pest stress management 

" Screen germplasm and breeding material for resistance to Heliothis.
 
" Intensify research on ecology of important pests, including the study of
 

potential pest problems and pest management practices.

* 
Develop a package of practices for pest management, the target spe­

cies being HelIothis for chickpeas and Heliothis and podfly for
 
pigeonpea.
 

4. Nitrogen fixation 

" Study quantity and quality of Rhizobium strains in farmers' fields arid
 
their relationship to inoculation requirements; develop methods of
 
study of Rhizobium strains and legume hosts for improving nitrogen-fix­
ing ability.
 

* 	Assess the contribution chickpea and pigeonpea make to the nitrogen 
nutrition of associated crops in intercropping and senuential crop
 
rotation.
 

" Develop methods for production and utilization of inoculants. 

5. 	 Breeding for higher yield, stability, and resistances to disease stress 

a. 	 Chickpea 

Improve potential and stability (resistance to diseases, pests, and
 
physiological stresses) of yield of short-duration desi and long-dura­
tion desi and kabuli genotypes suited to peninsuilar and northern India.
 

* 	Improve yield potential and stability of kabuli types for West Asia. 
* 	Develop medium-tall chickpea plants with high yield potential.
* 	Distribute internationally to national programs segregating and pure
 

lines.
 
* 	Assess effectiveness of breeding methods and study male sterility to
 

explore production of hybrids.
 
" Conduct inheritance studies to evolve more effective breeding
 

strategies.
 

b. Pigeonpea 

* 	Improve the pctential and stability of yield for long-, medium-, and
 
short-season pigeonpea suited to intercropping and sole cropping
 
systens in semi-arid tropical areas of the Indian subcontinent, South­
east asiu, and East Africa.
 

* 
Develop hybrids and exploit heterosis for a range of envircnments, 
* 	Develop dwarf pigeonpea with high-yield potential under better man­

agement conditions.
 
* 	 Incorporate resistance to the major diseases and posts, tolerance to
 

salinity and waterlogging, and increased ability to fix nitrogen.
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Funding Implications 

If resources increase we will strengthen cooperative research with ICARDA in 

the North Africa-Mediterranean region and South America while continuing to 

emphasiz.e that presently going on ii India, Pakistan, Bangladesh and Wesl 

Asian countries Tre progran will expand its pigeonpea research to incluc; 

eastern and southern Africa, the Caribbean islands and Central America, and 

other areas where demand for this crop is high. 
If the available funding has to be reduced further, then we will prune our 

activities-probably across all subprograms--wilhout aftecting teamwork­

and redefi - octi pnor ities. 

Linkages with Other Institutions. 

India has a wtl -organi' ed national pulses improvement project, and pigeon­

pea and clhickpea are two of the several crops in the prefect. In order to 

strenqthen the already exigting c(operation between ICRISAT and the Indian 

Council ()fA r cii Iti al Researchn (ICAR), we propose to study the feasibility of 

rpt drr work with that of ICAR This will furtherintecratirmr o(ur ow ) Ocrlte. 
of the host country as well asstrenotren our .a'at rv lhe progtrari 

those of inortradii(e! lrein' s 
We alieady iylve (iff,-cti'e links with ICARIDA, the University of Reading 

(chickpea physmolocy). Rotharnsted (microhiolog!y, Mal('x-Planck Institute 

(eritoroloc;''i. tlnutrstlv of Queensland ipi( eOrillpe (:ytop;eOticsf We will 
the need arises.strenetnen these iks and develop olhers as and when 

Groundnut 
Seventy percent of the world s production of groundnut (Ar tciho, hiypo(yiea L.) 

comes from the developing counitries. many of which lie in the serri--arid 

tropics. The yielis of groundinut in the SAT are low, around 800 kg/ha. and the 

fluctuations in yields are very nigh Yields can be substantially increased by 

management of yield reducers of which the most important are pests, dis­

eases, and the unreliable rainfall patterris of the SAT. 
The Groundout Program at ICRISAT started nid-1976 but significant 

research only cor- nienc d in 1977 with the appointment of staff inson,. eothe 

disciplines Physiological and entomological research will become increas­

ingly important in the next decade as full staffing of these subprogr ares isyet to 

be completed The main achievements of the program in the last few years are­

" Initiation of large-scale hybridization programs and improving the suc­

cess rate in crossing from less than I5% to 60% iqn the field and in 

excess of 70% in the glasshouseiscreenhouse. 
" 	Development of field and laboratory techniques to screen for rust 

resistance, identification of new sources of rust resistance which are 

being used in large-scale hybridization prograrns with a wide range of 

commercially acceptable, but rust-succeptible parents. 
Establishment ot laboratory facilities and techniques for screening 
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groundnuts for seed resistance to Aspergillus flavus and commence­
ment of large-scale screening.
 

* 	Identification and characterization of several groundnut virus diseases.
 
Bud necrosis has been shown to be caused by Tomato Spotted Wilt
 
Virus (TSWV) and transmitted by thrips. Cultural methods of control
 
such as modifying the date of sowing and adjusting plant populations
 
are being developed to control bud necrosis as no sources of resist­
ance have yet been located within groundnut germplasm despite inten­
sive searches. Other important virus diseases identified are Peanut
 
Mottle and 'Clump'.
 

* 	Screening of groundnut germplasm for sources of resistance to Peanut
 
Mottle Virus, Clump Virus and other viruses.
 

* 	Identification of sources of resistance to thrips and jassids. 
* 	Crossing of leafspot-resistant wild diploid Arachis species with the
 

cultivated tetraploid groundnut and restoring fertility to the sterile tri­
ploids by treating them with colchicine.
 

* 	Initiation of research on the use of tissue and embryo culture to over­
come barriers to hybridization which exist between other potentially
 
important species of the genus Aractns and the cultivated groundnut.
 

* 	Development of high-yielding and early-maturing lines and making
 
them available to the national programs in India and abroad.
 

* 	Identification of nonnodulating lines as well as lines with superior
 
nitrogen-fixing ability. The superior lines are being used in breeding
 
programs,
 

Research Strategies in the 1980s 

Priority Regions 

India and AIr ica emerge as the areas of greatest concern when the hectarage, 
production, consumption, and the contribution the crop makes to the available 
fat in the hunan diet are considered (Table 6) In India the compound growth 
rate of groundnut production for 1961 -78 was less than 0.6% inWest Africa it 
was negative. Thus some groundnut exporting countries have become veget­
able oilimporting countries. This causes hardship to underprivileged people 
and a financial strain on national governments. 

Southern Africa and Southeast Asia each have a compound growth rate for 
groundnut production of less than 1%. In eastern Africa the growth rate is3% 
but groundnut oil countributes only 8% of the available fat in the diet. The 
lowest priority area is South America, whose population has a satisfactory fat 
intake although only a low proportion of this comes from groundnut. ICRISAT 
c.usiders it can adequately serve South America through the supply of 
breeding material ind advice 

The ICRISAT core research program will continue to focus attention on 
India and a progran will shortly be initiated in Africa. This will start with an 
l[R(.C-ftiirr prlr wr a breeder and pathologist will form acl in Mal where 
t(?brn1 to 'cVror )(lh Kler and soi)lherrn Africa as part of Iheir regional 
a-;tivi!i(!s- Fh !l lalr he cor;-fuidi(iidy %., 

27 



Table 6. Geo ralphical and priority troltii(Iflut r( jittS, with atea, yi0ld and 

research capabilities. 

Ave a(p! 
Arwn y I(I Relevant cetplorative 

(ha,ha) resealtch proglalmFuntictional Region 00 ha) 

PRIORITY 1: 

7200 861 All India C(n Iiiiiated1. India 
it'
Oil eeds R; sit.at Pi llant 

e]xists; N tittaial Rest ich 

ttle e l ou( l m(1ittt 

lol d).
(heIno dp v o 

3051 880 Sitio Nati ttol PlpIrttlmts2. Western Africa 
ittN ,ie lta, Sotiiltthia, 

othtets tod i otthin. 

SHRU in ft it i ii i 

coiln llt ; ( 7 ImIpi t till In 

Ghmia ( ', 

690 Sti ,llINlilntlitl Pmitt ilts3. Southern Africa 1156 
illMihI v. idt Z1;1hzlhvv ;
 

I (ft( tII lilt i i ll Ott
 

oliIllt,iI. it :1 ill 

klo tl tll tw i irw I 

PRIORITY 2: 

782 Stinl( titil Ptottitit't1. 	Eastett Atrica 2238 
In titn ll ii PlmAht itttol( 

IDRC fll i (tt 1i I thti t i 

Pt ltat t11I
Ni t t t
2. 	 Southea:st 1 1469 1102 S l (hf( 

[li il i i; ,thi If tAs lit ci it tlt t S 
"iiIt flith Ittil;ll t'!!iliitl ti'SOx t liiij ,tI di i 

11/4 NtttiIlt, f'tfitttti24553.Chino 

PRI3ORITY 3: 

1023 Grod Ntt i ial Piopt atli in1. SoLIth Aite ica 768 

At ,tentinm ind t ' il
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increasng their groundnut nroduction. In this area ICRISAT is already cooper­

ating with mast at the countries by supplying breeding material and germ­

plasm With the present limitation of funds we cannot al present consider 

setting up core-funded ICRISAT programs in this region However, UNDP and 

IDRC have an interest in funding oilseeds projects and we will for the present 

cooperate with regional bilateral, or national programs. 

At preser,> Thailand has the strongest research capability in the region 

followed by Pakistan Research capabilities in Burma, Indonesia and the 

Philippines are presently not strong ICRISAT has developed cooperative links 

with China. Germplasm and breeding lines wilth resistance to rust have been 

supplied and training has neen given to Chinese scienlists, particilarly in the 

fields of cvtogentics. fungal pathology, and virology Again, we do not antici­

pate any furthor irnput into Cfhna by ICRISAT except through supply of genetic 

naterials. !ocdnigis, arnd training 
The more homid areas of this region, including southern China and Indone­

sia, have )rothrms not found in the other drier regions of the SAT. These 

problems inclide nacterar wilt and 'witches broom' disease (the latter proba­

bly caus'ed h'/ a ncopllasna and we are planning collaborative studies on 

thesedias 

Research Priorities, Strategies and Goals 

The hicth-prraity research areas for the no-' decade are: 

Environmental stresses 
o Development of methodology withir the next 5 years for screening for 

resistance to ruoistLire stress. temperature stress, nutrient stress, and 

study of their interrelationships 
* 	Examination of basic physiological responses to environmental factors 

can he Lised to improve selectionto deterrnine if laboratory tesls 
procedtr s 

• 	 Development of lar e- scale screnrng programs when the techniques 

are standardir(ed 

Disease and pest constraints 

* 	Ir-mproverrunt of cL rrently i sed Scrng technigus and development 
of si rita He screening lechniques for searching for resistance to dis­

eases,- :,a JseOby LLIf fungal pathogens as Phoma.I.epftosI)herlfhnn, 

and /[s , ,' in Africa 
o Intonsifi(ation of rese;arch on Afureqrl/s !Iavrs and the aflatoxin 

prob!em 
* 	Intensification f research on pod rots and other soil-borne diseases. 

* 	Identification of sourcfs Li resistance to important virus diseases and 

development of control strategies 
" Development of overall disease management strategies combining 

Multiple disease-, resistance, rrinimrnum fungicide use, and cultural con­
trol methods 
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" 	Identification of sources of resistance to insect pests, particularly those
 
that are vectors of virus diseases.
 

* 	Development of integrated pest control management. 
" 	Development of studies in pest dynamics in various cropping systems
 

and estimation of yield losses due to insect pests.
 

Nitogen fixation 

" Development of superior inoculants and determination of conditions
 
necessary for their efficient utilization.
 

" Development of simple Rhizobiurm culture production methods for use
 
by national programs.
 

" Identifi ;ation of cultivars with superior nitrogen--fixing capabilities and
 
use of those in breeding programs.
 

Breeding and cytogenetics 

" Development and release to national and regional programs of high­
yielding rust-resistant lines, with reasonable levels of resistance to
 
leaf spots.
 

" Development and release of early-maturing, disease-resistant, high­
yielding lines for an international testing program in sole crop and for
 
intercropping and relay cropping systems.
 

* Development of pest- and virus-resistant lines.
 
" Development of lines adapted to both high and low input conditions.
 
" Development of tetraploid leafspots-resistant lines from interspecific
 

crosses by 1985 for use by breaders.
 
" 	Determination of the potentia! usefulness of all available wild species
 

for the improvenient of the cultivated groundnut.
 
* 	Overcoming the crossing barriers that exist between some wild species 

and the cultivated groundnUt by tissue culture and cytogenetic
 
manipl)Ulation
 

" 	Investigation of basic cytogenetic problems that may be hindering the
 
progress of breeding programs
 

Funding Implications 

The Groundnut Improvement Program at present has one subprogram,ento­
mology, still in the developmental stage. The other subprograms are compact 
and operational with integrated research projects designed to overcome the 
major constraints that presently limit groundnut production. 

If funding becomes limiting then savings could be made by an overall 
reduction in future research effort and a reduction in the proposed program 
travel and expenditure on consultants. Reductionas in expenditure can also be 
made on the screening ot geriiplasm for new sources of rust resistance 
providing there is no change in the present biology of the pathogen. Resistant 
mate'ial so far identitied appears to he stable over environmerts and can be 
profitFbly used in breeding programs. Similarly, the present volume of work on 
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the routine screening of cultivars for resistance to bud necrosis virus can be 

reduced as it appears that we have no resistance in A. hypogaea. Our work will 

now concentrate on the wild species, which appear to be much more promis­

ing sources of resistance, and this will reduce the amount and cost of the work. 

If, however, funds remain static we foresee no increase in the size of the 

present research effort. In the event of the availability of extra funds, we will 

strengthen groundnut research in Southeast Asia, concentrating on the rice­

based cropping programs and initiate work on bacterial blight and "witches­

broom" disease. Likewise, the strengthening of the African teams by the 

inclusion of physiologists and microbiologists would be justified. 

Linkages 

Presently we have strong links with North Carolina State Uriversity, USDA 

(USA): Reading University (UK), and Imperial College (UK) in breeding, 

cytoge i -s awd disease resistance and nitfogen fixation studies. We are 

cooperating v.itn virus research inslitutes inJapan, UK, USA, West Germany, 

and Afri,,. and hope to,boei:ori involv(d with VirLuS disease surveys inAfrica 

and Ea't As'ia We are taking part In the international Meloidogyne project 
organi;'.td i'y NcrIt Carolina We have been involved with the planning phase 

of the USA J tl Xi P ocIwjt Progrorr anid will be collaborating in several of the 

plOp(It, pee,,iOrlIr jelclS 

Genetic Resources 
11N. L!,L. The key to succ, :.5 in crop improvemert research lies in the variability and 

' . ., potentiality of th: ,vorld s ,.enctic resources. The international centers thus are 

in)a Luniqu Jo:;tIiii, flot Only to enrich their own programs but also to make 

invaluable genetic material available to .cicntists all over the world. To meet 
this objectiye, ICRISAT esto )his rthecGenetic Resources Program in Janu­

ary 1979 We have eonihrkeo on a long range programo of collection, evalua­

tion, mainte:)ance,. conservation, ctocurr]ertion. utilization and exchange of 

germ plasm of the insittfteife five rrar-iate crops and six minor millets' as 

Iequested b' the! ileornationa r3oard Ior Plint Genetic Resources (IBPGR). 

Presently there are over 71 600 accessions of gerroplasm assembled and 

cons(rved mmthe rr ediurn-ierrr gene bank of iCRISAT. The number of acces­
sions by crops is given in Table 7, 

The collection is considered rMial! coMipared to the vorldwice genetic 

diversity that is not yet assembled ond conserved. 
In the next decane. we will intensify ouir global activities in collection, our 

regional activities in rnairn(enanCce, conservatiron documentation, arid evaiua­

tion, and our SAT responsibilires for utilization and distribution The most 

important areas of iLtt.ir- Ccollection are in Africa, Asia. and South and Central 

2ttr11T1l!t t, , ', !io !ld kwjo millet (P'Is;xIlw1? 
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Table 7. Accessions of qeinioll sIl il tO Il dHill- term ,lericbank ;t ICRISAT 
as of Feb 	 1982. 

No. of Ari, s faiiily vell Priority Mreis to he
 
Crop aic esSillS s ted exploll(
rlop) lli 


Solirr 21,264 	 Easterr & South Wes teIII,Northern and
 
Cteirtral Africa, Soith r Afri ica, lia ts of
 
Irdi a Asia dild oea East
 

Pearl 14,340 	 India, Sm ith Wi teii, North Eastei, 
Millet 	 Ceitial Afica, i rts if Eister arid
 

parts, of Esteir Sotethrin Air rca, Asiai
 
Afric
 

r-i9eoflpea 9,697 	 South Certril A.-i2, Eastrin & W&ester 
Phil i ) I)iI es Africa, Carihh mi
 
Trirridad, Putoll Islir'd- arid stiliiiiiocj
 

Rico, At sli li;i cti ill tihe G ill of, titiies 
Keya Nlexri:e zirid Souith Arieri ca 

Chickpen 12,375 	 India, haIrl Last Africa, Eihiopio, 
AfqanisLnir, Tiiikry, Erlypt, North We,t Africa, 
Israel, Sp~ain ii W;IsO ii Asia, Al 9Pii , 
'i'\,Ico 	 Iiri.-, USSR, Por trilal, 

A rit~itiu~ 

(Grotlrditut 9,911 	 Indi n, J.S.A., Bia'il, r ii, Ar tier tmi , 
Sen eq rlihi a li minib OB iIVI acui I thldti , r 

t I [Olrriilt~a- ic , iii(ihiritiiSmithirim Cilstrrr
Alr1
 

Eiilh-m ind Wif to r A fiiiii, 

Mrilir 4,03939.k Inia, Stai,. [ a.-itool, tMIth+rl ;troid SOIltlll
 
nhli'ts4 East &+ :-~rnthr iCrriI Afro-i:, C"hili, UJSSP
 

ritinri ,"fli l irud Sritth (;eiitril AsiaI 

1 itiil /1 ,ii? 

America. A concffrte effort will be made to salvage the important vanishing 
landrices and to cap:,Jre new and desirable genetic trails, including those in 
wild specit s,for Use inprOseol and flIture crop improvement programs. Survey 
of cytogenetic variation, population Studies, inlrogression and conversion, 
morphogeneic and taxonoinic monographs will form part of ongoing activities. 

The specialized collection and evaluation program, as well as the refine­
ment of the applied research aclivities, will continue. The behavior and viability
of seeds tinder medium- and long-term storage conditions will be studied, A 
special attempt will be made to form morphological and geographical gene 
pools which will aid in future gerroplasm conservation and utilization in SAT. 
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well-defined environments in SAT India. Some of the important achievements
 
are:
 

* 	The climatological data of several semi-arid tropical locations in India
 
and West Africa have been analyzed and concepts for utilization of
 
different agroclimatic regions have been developed. Analyses of the
 
probabilities of rainfall coupled with soils information enabled the deli­
neation of the areas for likely success of rainy-season cropping,
 

" It was established that crop production in the semi-arid tropics is not
 
only linited by low and unreliable rainfall but also by poor soii fertility.
 
The application of fertilizer is essential.
 

" Modeling techniques were used to predict the performance of sorghum
 
under different rnoisture envir,_,nments, to estimate the runoff and drain­
age components of the water balance, and to predict the quantity and
 
distribution of water in the soil.
 

" A concept of watc.rshed-based, broadbed-and-furrow technology of
 
land management was developed to conserve soil and water and to
 
facilitate cropping of the deep Vertisols during the rainy season. It
 
facilitates harvesting of excess runoff water for supplemental irrigation.
 
Collaborative research with the All India Coordinated Research Project
 
for Dryland AgricultUrO (AICRPDA) has been undertaken to evaluate this
 
technology under different environments 

* 	Improved cropping systems also have been developea on the deep
 
Vertisols to utilize the rainy season period when they have been tradi­
tionally left fallow In assured rainfall areas, rainy-season cereal crops
 
have b)een grown without reducing the yields of pos'rainy-season
 
crops a cereal intercropped with a long duration pigeon)ea has been
 
particUlarly promising and has given much more stable returns than
 
sole crop systems.
 

" 	Intercroppimg has been shown to be a very efficient way of increasing
 
crop productivity. Cerea!ipigeonpea intercropping has given full yields
 
of cereal and a "bonus' of 50 to 90% pigeonpea yield depending on the
 
residual soil moisture supply. Pearl rnillet/groundnut intercropping has
 
consistently given yield advantages of 25 to 30% on Alfisols, with even
 
greater benefits under conditions of moisture and nutrient stress.
 

" The development of multipurpose animal-drawn wheeled tool carriers
 
was given emphasis in the initial years. The Tropicultor with various
 
attachments has proved to be a promising machine.
 

Research Strategies 

Farming systems research includes four broad areas: base-line studies, com­
ponent research, experiment station research, and on-farm research (TAC 
Stripe Review of Farming Systems, 1978). The factor-based component 
research and the watershed-based integrated research at ICRISAT Center 
received the greatest attention in ihe 1970s from the Farming Systems 
Research Program. Base-line studies were emphasized in the Economics 
Program In the 1980s greater emphasis is being given to on-farm 
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research, although in Africa consideribie center-based research is still 
necessary. The proportionate allocation of time and resources to base data 
analysis, on-center research, and on-farm research will depend on the stage 
of development of such research and the semi -arid tropical region inwhich it 
is being conducted The individual disciplines will devote much effort to 
integrated reseiarch wh nile auprolrate on factor­ir natalfini emphasis 
orienled research 

Development of research methodology will remain an important activity. 
One of the strategies in farming systems research at ICRISAT will be to 
incorporate a problem-oriented appre-.ch involving mUltidsciplinary learns 

drawn from all programs to focus on well-defined subject matter areas ot high 
priority in the attainment of ICRIKSATs objectives Iu ring the 1980s particular 
emphasis will be directed to corlducting farming systems research in collabo­

ration with national and regionll instit uons responsible for both training and 
extension. 

It is recognized that on -farn research plays a key rol,-. n providing informa­

tion to shape priorities ICRISAT will endeavor to have a strorrp program of 

on-farm research in which national programs are involved, partIcularly at the 

stage of on- tarn testing of prospective technologies 
Widely different management systems will be required for the diverse SAT 

soils Four major soil orders--Alfisols, Entisols, Oxisols, arid Vertisols-­
encompass at lprox imnately 3510 of the SAT. Alfisols and Entisols predorminate 
in West Africa adn Alfisols and Vertisols in Asia: thus our research will 

concentrate or those soils The Farming Systems Program will collaborate 
with other agencies and national programs on research in other regions to 
evolve rmnpr. '. or] far ing systems 

Research Priority Areas 

Characterization of resources and identificationof benchmark sites 

CoMpilatlo of information on the agroclimatic and soil resources of the SAT 

will receie(hcigh :)r ority in the selection of representative benchmark sites for 

develol)ing amd evahoatingj new technologies for a wide range of environments 

encompassing tho ma'ijor soil orders of the SAT Agroclmatic surveys will be 

contini ed for the next 4 to 5years to pernit evaluatior of the needs for farming 
systems nesearch. Soil maps of various levels of accuacy exist. but there is a 

need to coordinate arid sunimarrze existno) data with plarinedt agqroclimatic 
work 

Double cropping of Vertisols and refinement of technology for shallow 

and medium Vertisols 

For deep Vertisols, the maior o)bjective will be on -farm sludies to evaluate and 

modify the lechnology that was developed in the 1970s at ICRISAT Center. For 

shallow and medium--deep black soils, the technology will be further refined. 

We hope by 1985 to have appropriate technology for evaluation in on-farm 
studies 
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Development of ternative land and water management techniques for
 
Alfisols and Entisols
 

In research on Alfisols, the airmi is to study alternative land configurations and 
management techniques for increasing infiltration, minimizing erosion, and 
enhancing the potential for life-saving irrigation. A substantial research effort 
will be made for development of land-and-water-management systems for 
the light-textured Entisols and Alfisols of West Africa with particularly low 
water-holding capacity, susceptibility to leaching, and consequently greater 
likelihood of moisture arid nutrient stress. The research areas in eastern and 
southern Africa will be taken up as resources become available. 

Rainwater management 

Rainwater management and use will receive more critical evaluation in 
on-farm as well on-station researches. We will continue to seek better 
methods for runoff water management in typical soils of the SAT. 

In operational-scale experiments yield increases of the order of two to three 
times that of the traditional technology have been demonstrated from systems 
involving use of improved variety, fertilizer, soil and crop management, and 
supplemental life-sav~ng irrigation 

Ori-farm research for evaluation and transfer of technology in three villaoges 
has shown that the new technology increased farmers' production severalfold. 
These involved Alfisols receiving low rainfall, deep Verlisols receiving low 
rainfall, and medium-deep Vertisois receiving medium rainfall. 

Cropping for diverse environments 

Our cropping systems research will emphasize the development of systems 
that make more efficient use of limited resources, especially moisture and 
nutrients The soil physicists, climatologists, and soil and water management 
engineers will concentrate on studies relating crop production to varying 
moislure environment and range of inputs. By 1985 the major research effort 
will be on building up conceptual cropping models for the soil groups other 
than deep Vertisols in the SAT. 

Machinery and tool development 

We will emphasize improving the efficiency of farm inputs and operations as 
effecled by the use of the machinery appropriate to the farmers conditions and 
resources. Development and refinement of simple and reliable equipment to 
accomplish these will be carried out. 

Nutrient management for improved productivity 

Special attention will be given to improving nutrient efficiency in different 
cropping systems involving ICRISAT crops. In the first 5 years, major empha­
sis will be on studies of nitrogen. Improving the efficiency of nitrogenous
fertilizer will be studied by soil scientists, soil physicists, and agronomists. 
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Nitrogen losses and development of techniques for reducing these under a 
range of soil and moisture conditions will receive more attention initially. 
Long-term studies of residue management, biological nitrogen fixation, and 
green manuring willbe conducted. Other nutrients such as phosphorus, zinc, 
sulfur, and potassium will receive greater attention at a later stage. 

Weed, pest, and disease management 

New and improved cropping systems frequently generate new weed, pest, arid 
disease problems. In collaborative studies with scientists in the crop improve­
ment programs, increased attention will be given to the development of sys­
terns that allow satisfactory integrated management. 

Funding Implications 

The plan presented in the preceding pages is based on the assumption that 
the flow of funds shall remain constant in real terms over the next few years. If 
funding improves, we plan to expand our geographical coverage and collabor­
ative work with national prcgrams. If funds decline we will reduce our input on 
deep Vertisols at ICRISAT Center. The designing and development of wheeled 
tool carrieis will receive decreased emphasis. The machines already 
designed and developed will be tested in the on-farm phase. Basic research in 
soil fertility and chemistry will be done in collaboration with centers of excel­
lence in mentor institutes. The mapping work for the delineation of semi-arid 
tropical areas will receive less attention. 

Linkages with Other Institutions 

Farming Systems research must be an integrated effort both within the Insti­
tute and outside it Linkages with other institutes, universities, and develop­
ment organizations in India and elsewhere are essential to provide theoretical 
back-up of the research findings, the testing of technology developed, and its 
transfer. 

Linkages have been established with 16 experimental stations of the Indian 
Council of Agricultural Research (ICAR) for further development and testing o 
research results from ICRISAT. Similarly, in Uppei Volta and Niger, all farming 
systems work is conducted in close collaboration with the national institutions 
so that the research findings can be transferred quickly. 

International linkages are also being developed with Texas A & M Univer­
sity, USA, for sorghum modeling: ORSTOM, France, for study of climatology of 
West Africa; Nottingham University, UK, for modeling of water and crop growth: 
Weed Research Organization, UK, for weed research Tillage Laboratory, 
State Agricultural University, Netherlands, for tillage work in West Africa; 
International Fertilizer Deveiopment Center, USA, for nitrogen studies; 
National Institute of Agricultural Engineering, UK, for development of low-cost 
tool carriers. 
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Research Priorities 

The major rescarch priorities, a;,istming no rmal growth of funds, are depicted 
in Table 8. A brief ottline is v(ivei below: 

Analysis of traditional farming systems 

In addition to the thre(e soithern Indian villang(es tinderinrtensive study since 
1975, there will be ftuur new vil;ages urider siJdy in groundntil, chickpea, and 
pearl miillet itrl (IiGiarat and Madhya Pradesh in central andgowiwr e-ts ()f 
northern India. Similarly inWs;t Af ica, ;iles inUpper Volta and Niger are being 
selected for irifer;ivestiufies All of tlese studies will contine uintli t1985. 

Assessment of prospective technologies 

This will coitinu thtoti(thout the d( cad(eJdiinboth India andu West Africa in 
collaborfatl( ''it1 ltioll I rlt(iS Mr(nfe(;lirng alnd siriLulatri will form an 
increa ,ini(ofrnlip(if(r,;llt ; hj(jIcb
 

Environmental use and social organization 

Studies-of tfieiue0fcolririri froperty resoiinC" will be initialed fror 1981. 
Coilhislmurlw lil ln1 iri ;titfnn's; on social or.jarnizfition, particularly those 
relat(ed to w trdf , f v(i(j l tritf, f further evlal d,vill 

Studies of traiditiontal tanks 

Polircy iitlflif.imrw fii lwti(; unmnnr(itedJIndia will be.brought to thein 
attentior of y ;. a imvsttgn iiins into the possibility of tank irriga­uhin, r mid 

tinn In W ! :t Alfina .will ih iriiflt-ifJf
 

Mechanization studios 

Stu-ie () anilll dratwn ilplements and tractor; iii W(.st Africa will be 

initiated [)fftmr ;rne; il1min /larld ratios llld wageq./Ilice rel;atioll'fliris lmay 

minly diffcrltrfcorlidi(if)thanthose arrivedatf for thelnInrdi;d Solth Asian 

itlaton. It i!;(Yp,:ted that these studios will be;icJr'ri)lotr(f by 1985 roblrr 
of avai!ability of alternalive energy sources for SAl anitir;ult(re will also be 
stUdietd 

Risk studies 

Sturfies on the nature and extent of ri;ki and SAT larr iers I)erceptins of risks 
will be conducted in India and West Africa in the early 1980s 11esuIts fron-i both 
regions will be compared and policy ittplications derived by 1985. 

Market studies 

The past and present wor,( on supply and demand elasticities of sorghum, 
pearl tllet, groundnut, and pulses will be utilized to carry oLt analyses simulat­
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Table 8. 	 Present and future socioecononic research projects in India and West Africa (Upper 
Volta and Niger). 

3 FTJ8 6 18- 1 98111990 

West AfricaE 	 EDIndia
'IPriorit 


Awialysis of traditional RIR >
 
farm irnq system s 1 - >
 

Asstssllell t of f U> 
pro'"i ctive tet:hnrlogiji es" 1I .. 

,ncI0l lo1lillmji ilt l 4 	 ".....- - -

Studwii of traiditional 16 

Mt (Alall I., it t l(1ll 

s'tu_I 	 ...... 

Nliak et stiiditno R 

Cor, sn met i preferenice 

Niitr'i tior 	 stuites 

->-
R-Adoption 	 constraints13 

EII 	 Project conpleted or under way F"._] Project planned 

[ H-J_] 	Project potontially corntinuing after review 
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ing the effects that various technology and policy scenarios could have on 

prices, production, resource use, and human welfare. These studies will be 

updated in 1985 and again in 1990 to derive implications for ICRISAT's 

research strategies 

Consumer preference analysis 

Studies on consuMer prefererice inl sorgh-mi and pear! millet will be extended 

to West Africa and the implications for research strategies brought to the 

attention of breeders. This study should he completedl by 1985. 

Adoption studies and constraint analysis 

Studies of the a(ldophi l of iimproved te(chfiol)gies arnd their effects will com­

niernce in 1981 in Iridia and W(est Africa To ii ierstard the gjaps between the 

performance of new techriologies oil reseurch stations, in on-farm experi­

merits, and in ftanners' fields, studies will be underfakern incollaboration with 

national progiains anld )olicy imllications drawl. 

Collaboration and Training 

Collaborative research has always been a significant part of our strategy. For 

example, we recently completed a study with the Indian AgricIltural Statistics 

Research Inslitufe (il fertilizer use on sorghum :l0(d millets. Research on 

adaptability, stability, and risk in sorghtmi hreeding vwas undertaken with the All 

India Coordinated Soichum Improveinent Prolect (AICSIP) Gujaral Agricultu­

ral University and ,Jawahartlh Nehru Krishi Vishwa Viuyalaya in Madhya Pra­

desh are collaboraling in our village studies in those states. Professor T D. 

Wallace of the Departient of LEconomics at Duke University, USA, is collabo­

rating with is in a shudy of rural labor supply response and technological 

change. We lre! ngol(tiating with the Internatiorial Food Policy Research 

Institute (IFPHI! for cooperalive researrch in India and West Africa on demand, 

supply, arid niarketiic policies for soighirni and rnillels. 

Collaboration with nafional. regional, and interrational organizations in con­

ducting studies of mutual interest and of relevance to the SAT will receive 

greater attention n he 1980s 
Training of eciionomiss trom national programs for collaborative studies will 

be given a high piority. 

Funding Implications 

The above priorities assurie a normal growth rate of prograrn funds. If funds 

rernairi coiistintl priorities 10 arid 9 in Table 8 probably will be droppeo in both 

India arid West Africa. If funds decrease then projects will be deleted in 

descending order of priority, commencing with 8. The precise curtailment 

would depend on the size of the reduction in funds. 

42 



4. Transfer of Inrforim-,ifion and Technology 
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but, correctly, should become involved in identifying constraints and problems 
associated with the transfer ot research results irom the closely supervised 
research station situation to the farmers' fields and the evaluation ot con­
straints at that level. 
d ICRISA fI; a role to play inintorming policy makers arnd ern)ior govern­

rnent ofticials of advances in research methodology and potential payoffs from 
research. The exact mucharisms of ensuring such transfer vary If can be by 
direct contacts at high levels, visits to ICRISAT Center, and sornetimes in more 
formal sessions on specialized topics 

By virtlue of links with developed and developing countries, ICRISAT is 
increasingly ihle to host workshops, symposia and conferences, at which the 

most recent re earch findin(gs can be made known These gatherings range 
from s.rnali specialist consujltant workshops, such as on crop rniodelin or yield 

as.essinnt, to large conferences involving broader repr(esentation frorr 

developed rind (i'vetlopirg( countries which give a broad in1l)ut Into future 
planning qri ato!os f)r a whole airea of research. 
0 Iraillng as-i;rrw sp"Ciril importance. given the expertise and facilities 
av iilabkhbiotm atiCHISAI Conh r ard It)Cooprative Prograris A rarrge of 
dcilhr.- ar, (:()v and ani nrcrefinl bq y( )f esearch iriformuation is 
being,, ac-crrilaIfd;( with spcif, relvcto SAa reas Good progress has 
be(rr rIdl e bLJ crsta t revi,%ews ()fst oql(!y tr necessary to ilaxinlize 

effect v s s Trio capa('ity to train tochrri(:ii ann sciertific personnel is 
limteld Mere cceri will no lia t,J irr the training of trainers andtrit ftrro i 

, -, 	 A lalor constralitl t c :l, ttrr seirinci and development in SAT countries 
will C )ntr) ( the t rtrcf t,, kIlled iaripower to carry forward dynamic 

proqtrns of (:rg ) i i irrttr iirr sy hstrnis. and procuction technology. 
Irllin( th sOur t l)friir(;r r fir" haM a s! niticarnt responsibility to assist in 

providing whtrario,vhn cil effectively in research.nitlits work more 
exerls n,i Im activities ()ne of ICRISATs trialor contributions will bear trairmiril 
thrr(ogih tr ran roma; A SAT ;iiiintries ti develop aid plan rational andn ral.r 
relevanit ret-nf u, n ariis for their cin)ti l',s isvial that strong indign ou(.jnOUSroo I 

resealfc ;)ro 1 n oliipo(t caiallize ol reseCarc
nw .o d ti results arid tinate­
rial (:irninmt traro ICRISA irg(raisrui r 

1 ~utrr itr 5:-, aionpportitlrlie; Id actica expcerln­l,;v1pro(viel(i(,IIhcat l r 


ces fur rIs;rrmlfirnrat~rr;lpricrir-s and Jn( coi trislh(iirework-

Ing or irlteniitoIn .'. in riaiiiorral, o rirterraticnralagnriciilfuralresear:fh 
or developmt proqfrarr'. in)Inc, rairifed SAT I h(os( trining p uoqrarris .vilt 
cotltilio tonutili.'e(!tii Institt et; aiC(:m!;S e(ntM ( :( SATir/l(o to iC. r s. 
envirorrrinlts sciwitific ex li(,(r(,sea;rcl;h extierlrence with sekctlol trirpical 
cro-,. ic ;'i e(inifiC; si iri alnn les forto s iteatire ar(i ri1nrlificlfac 

Prov(fiMI r1LJI(Ji ;,:I)hln;irY training op)ioriln ies T ainees are classified as 
Intorri lmri 'mi Hf trAa r l I hvr iar(,fh Si(u lar'; si vi(im(lor In .
I elliiws. In ' t in l.rSmiar un Aitirenitc ; 



ICRISAT's training program has been designed to encompass training of all 
categories needed to support a durable and expanding research base for its 
mandate crops and SAT farring, systems, Trainee categories of International 
Interns, Research Fellows, Research Scholars and Inservice Fellows are the 
future research scientists who will actively carry ou, research in our mandate 
area. In-service Trainees and Apprentices are junior scientists and research 
technicians who will support these scientists. During the first 10 years of 
training at ICRISAT, the greatest need has been for training junior scientists 
and research technicians During the next phase, more opportunity will be 
given to training of all ICRISAT categories of research scientists--from Inter­
national Interns to In-service Fellows By attenpting to identify and train more
 
scientists, both from developing and developed countries, we will 
 ensure a
 
steady flow of scierific manpower ftor research on otr mandate crops, farming
 
syst-,is anId ec'llrrics to research agencies in the SAT.
 

The lafgest number (f trainees have participated in sorghum arid pearl millet 
improvemenl arid prodtction training. The interest in specialized training in 
pathology. untoiiology, physiology, iniciobiology, soil physics, soil fertility, 
SOCIOecuu;nIo ics, and research mariagerient will significantly increase with 
the increiase III the academic qualifications of applicants Reqciisls foir more 
trainin( in CriLiHiJriit, chickpea, pigeonpea. and farming systems research 
areas are expected to conliinje to increase. 

We fiojp Increasingly 1o assist scientists in the cooperative piograms to
 
cOnmdiict Iraining prograrms ii crop impri nveierlt, crop l)roductioni, arnd farming
 
systenis I hse training activities would be organized ii association with
 
national training facilities in the regliotal areas and would enable training of 
persons ini their iegions of work and the language of their scientific activities.
 
Siich mining WOLld be conducteod in English, French, or Spanish As an
 
ad;jnct to( these prcgranis, the developmrent of atitlh tniial leaching urits in
 
variroUs languages is anticipated Training in locations away from ICRISAT
 
(enter will require more lime tom individual scientists and added expense for
 
facilities ard iTnainttenanmice of each trainee. However, such prograITiS would
 
poteritially increaose the number of trainees who cannot 
be trained in an
I righsh-lariguage program or would be nrravailabl; for training outside their
 
homie corintries
 

As more information becormes avalihle from research programs such as 
useful techi ilogy for managernent of water and soils, short training courses 
will be minted to make national program -,taft i[rboth research and extension 
aware of the range of 1ptions open toi famiers lfir belter management of their 
land Increasigly research worker, frorn national prografmis will be brought in 
for special coirses of the typ( aleady motinted on pulse entomology in 1981 
which seek to cilcentrate on specific I)roblerTm areas 

7rainng Opportnities at the Institule art currently iled by space, staff, 
and facilities and by the level of taining requesled arid accepted It is antici­
pated thatr) ito60 persons can b, accommodated each year in 6-month 
Fiservice training an ti) to 30 sci( .tists and students in I-year or 2--year 
program,s Short, specitic !rai ning programs will be mounrited as and when 
desir able ant will accominodate fr om six to about 30 persons. 

45 



It is estilt(d that 10 to 60' ol Ine in-service trainin will be financed by 

national and development projects, while the student scholarships, reseach 

fellowships, and international interriships will be more dependernt on Institute 

funds A reductin n training fonds would iejilire Us to iedo1e the more costly 

high level tr aining - intenational intrsiiips, research fellowships, and scho­

larships away fr,)ii ICHISA tiltri and i)pporiunity fou mis(rvwc( training 

and possibly ctr fail the nunhiv of all applicants accepted for sponsorship by 

ICRISAT at al 1(v: I, of tr mviilr 

Siii1 1tt l *rr()fj;:-')A1 ii s ;iso(mi aud cospormsorted a wide range of 

zmi k;i,trmlp : irir ire; .; tfricst( h se have been of several types 

,rId oH111;tritii:;iiitly,ha inlil if tfodis(,riiiiatori (f ,irs nq(titi so arch 

tmirm mtmrrll r l f I( I --'A1s ircigruimis;t aof ; r , to iiff;irvi­.imi : u()ri 

cij i;rtc jilfii iI11)()1(0 tiItt simimifi­
(: mtly 1 ( rttlitr ,",, -,tr~itt'ty k( 1[of 11w r .11Wn ard.nij imllc(iIi mu rldfli )lt(f t ) i i(f( 

I(:!, i :m Illpover 1 

ht! f n.vd with iionl 

,r i t im i)il iotj Lh(;A I it d r i evelo w dl 
at the simon trr ,r s 0. ri: r, '11 IiO i',1i1,ii lnk1 hr) 

; 	 , 
v,, )r i )t 1i (, tvtI h l(i in 1915 on rqgot and downy 

1)1r(1rilf ruii s 
countries 	 )httit
rnrldr., (ii p t;,r rulit i ot in. t n it 	 :hickpea.delifiedllf),i .(lter rio dise.aseOs of 

)riortly pro.[hw ii,,,'f !fw ,,, t(tt;) 

One f tm impinarl! ihbotitOS ()f tie ICRiSA] workshop and symposium 

prograi is to enable adequte tat f the art sonfliar ies to he prepared. LJ(:h 
as was dorle in)the ptjhicati e; Socioeconomic Constraints to Development 

of Semi-Arid Tropical AIriciultire" and Development and Transfer of Tech­

' Smaller work suhs. stich as those omagroiriatology, and Itehioths,nology 
miportant lpst of many cops, have erabled strategies and techniques toan 

be evaluated by small (rotups of coir 'red scientists and resulted in con­

certed integrat(J actior on assembling data in tie SAT. 

It is proposee to coritlrte this strategy in the next I () years using a spectrum 
of con'[fereces ant wI rkshoips sfiT4et 0teIrI(-I to snIall specific grouns and 

s0irle to imich large. qroups of research workers, adrirnistratots, and policy 

makers ,mri - prseritatives of donor agencies [riphass always will be 

placed (m erosirin( good representation from ICRISAT's mair client group, ;he 

scientists( of tIfe SAI An impportant large workshol, Sorg]hum in the Fighties. 

was held it) rxarimne the restlts of a stimilar broad spectrim workshop held in 

the early I97W0;. w,ihw a broad stratgy was planned. The successes and 

failures of plans; charted at thi, conternrice will be Jsed to deterrrline stralegies 

for tht 1980 s 
Specialized .srall,orkshops will be held iicreasiriqly within developing 

countries A wonkshiop on rni-,a was hold in Upper Volta in 1981 and a further 

workshop is likely to 1b hr;li on Socioeconomic Constraints to Development in 

West Afric(a. in 11133 
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Figure 4. ICRISAT's Research Organization. 
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Figure 5. Research organization by programs under Director of Research. 
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Figure 6. Staff organization under Director for International Cooperation. 
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Quarantine Programs mainly support the crop imcrovenent programs: the first 
two also conduct some research. 

The Training Program operates under aptincipal training officer who reports 
to the Director for International Cooperation. This Director is also responsible
for a Visitors' Services unit and for the orgarnbalion of workshops and confer­
ences. A major responsibility of the Director for International Cooperation is 
the management of special projects and coope rative programs with other 
institutes arid agencies in countries outside India. 

informatior Services, because of its wider responsibilities throughout the 
Institute, is supervised by the Director General 't provides support to all the 
programs and offices. 

Administrative service divisions--Fiscal, Purchase arid Supplies, Person­
nel, Physical Plant Services, Ilousing and Food Services, Transportation and
 
Sectirity--- report to the Principal Adrlinistrator and provide support to all the
 
prograMs. 

5.2 Research Projects 
The fundamental unit of research in ICRISAI- is the research project. A project 
has objectives, specified mthodology, and a specified duration and resource
 
r ( ;(,guirerri
t (Istaff and malOr al resources) One or more scientists often from
 
different prograrims may be involved in each project, and they cooperate in an
 
inteidisciplinary effort Projec(ts are forrT)ulated at the subprograrn level by the
 
coriccrrie( scientisis, keepingj 
 in view the goals of the program and the 
Institte Proram leaders itegrate Iprojects into the rai themes and philo­
sophy of the? prograrn New pirijecls are criticaly reviewed at the institute level 
at an Iri-Huse Review. After incorporation of the suggestions and iidelines 
given by the scientific faculty of the Institute. the revised projects are subirritted 
to tMe Director of Research for scrutiny and approval The mechanisii of the 
In -I-l0Hou RO-lvI ew nrsires proper assignrnriert of priorities and helps ir defining 
objectives, selecting miethods arid ericoLnuagirig c(:ordinalorl. 

T he overall priority, goals, ari( achievements of (fifferent research programs 
are reviewed ard (tiscibssed ty the Prograrr Commiti f of the Governing 
Board This Conrmritltee is the Inslittle's highest technical committee for 
research The recorioerdatiuis )f the Program Committee along with the 
observations of the Board help ,r ir e priorities, strategies, arid resource 
allocation in the research prograins, 

5.3 Network for Core Program Research in India 
For ICRISAT's core research prograrm, the Government of India provided 1394 
hestares at Palaricherti nei.; Hyderabad, AndhrE. Pradesh, but it was realized 
that a few stations in differe-it environments would be es'-ential to effectively 
select for wider adaptation, to screen for specific diseaise and pests, and to 
Cornduct o,--season iurseries With the support of the Indian Council of 
Agricultural Research (ICAR). agreerrents were made with several universi­
ties for research facilities We are improving physical facilities at these loca­
fions to facilitate our work there. 
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The station at f3havansaqar (ILamil Nado Aqi cultural University) is at I I'N 

latitude and is proviriq extremely tJseful for research on sorghtmi and millets 

because of its difect latitudinal corres)oi idence with some areas in Africa. The 

Groundout Pro(ram Is i-lso isinl its facilitie-s to screen for resistance to pests 

arid diseases 
At lhe College of Agriculttre, I)harwm.t UnJriivers;ity of Agricultural ScieNIcs, 

nd screeiig fo r re.;nstanmc toBangalore) at 16 N latitiu( we ai hredirg 

itfwny mildew anrld ijhlcoal rot nfs-()IhIJ] afl crryin t (Altdisase tre(sr(Ch 

en grnutiriduiot
 

At the Conll(.ee oftAgticiltiiJe, (walior (INKVVJamlp)P r)it26 Nlatiti(be, the 

oc(ntirt:nl tloon hrnoolnuiq Oiflon(g nltrathnmutrtmillr(iwnu+aspro()Uaritn I;rsiiniy 
f litiisi'; hr hti;ttd n( lti ,'afithiolof firtrIIIIII have als-Iot'en ;irnivtit; (untwal­

l sit(! t} murillot 

Ifissar (I laryatna A ocl itaral Ur liverslty) at 2 N I atitide, Isrepi+s+e flt iv. 

nilthe lng ri(s 11 nrothr Iridiai inn is, 

lor is,ihsi provinI h) a tisu,'- [i-rl anI unickte;i rea; icI 

(i[Owing pearl iT1ilotkh-rif ( f;illy ,4 tr/) 

and chi:kplo)iht It lul £in. tiliiiiitiern it allowr mnlktt, ltum iwtr! l r'.-, 

o ih ( t Ifld SOT,,'fl}]hlHT bl]HrlW}b(r( l rl(dsho)rt (JI1,1r o~ p'V~]P; f()r j / 

fly, htit l tnf tmnitli rn co i-i;;iV to lotetill aldv ntal (. ofsht i O;intrl( '; Is 

I-or rmi-;ii iri un(If , [) Ht'afl ; ry ()I CilCk',,w) t t i m iiil i ({,(-t ()I i d( ;-h }~ 

fi
hlnl ha"; liin;liralflqtnli I ;mptrw;mrtiirfvir. Ar,kmrti SIrHii (33 N) withr 
i to S ;mI i i.i\w:rui tttJintl 

lttlt.;fflVtcott ) rtitvi rnwosnu cr(:hsIt ultilw,, 't tu vu I;niI in(.. 
thm; of;stt;hri+o t ,JSttrtrnntI<Ka;hrinif 

Illl(dtitl)on 

facilitl-) ava;Il;lle at lhiw tithe,+r tiivfsitry research filrrti ft)r i;jwial plrl­

poses t h s irjlt Iw;t oor ( i; ,; hot -;[)( I or rot ridit rese"rch, 

we havt i with the, now Natiofnal Hs;earch Center forrnaxInt in lnnuts 
(IdOLUIdoltit­Gr(tndiiti at Jtna!ti(1itilarnatl). wfir:tn rejireutt NlackS()II i 

id ( hi iso ttio nvion fittlto Vallialetrowin!i ;twi fit It, i i-1 (0pf0 w,11w 
lott elis;eageriplarft ilr cllvir h breid for ritc ance 

53.4 I(IF I i-~\ I , 

The rlistirii;tiv ;ard v;ul, agnitlrt)lic arid socioecor-loimic ervironmrents in 
t; ultIral c rth lgies from elsewhere.Africa inak iftiliff!r;ijIt to itrod l(: ic oot 

This :ipphw; tailtiultarly ttthe hioltogneal arol i:hirnic(al trnovatiors required to 
May riot (! hroadlyirecnase.' clop yield; Ilrnovatiom'; (levlti)l(l it oa(, d+ir 

i the rOltarked diff rerices to raiifall, soils, and other ecologi­

cal factor;, not to fuwrlon the etiltural dive,;ltie- and Itical food preterencs 

that have )tunodocld wide v;artatiori i tine dorrrint annl swcordary fo)od crops 

of different arilus 
tt vhqtt~i ii iitiin1wiitve 1innwuink ut Inuterielatei tint 

transferable e(le 

Acinurliiuly lhIfW-;Af 

Sudai) and f,ovi(5 fesearch imatwial aid trutminqi Of staff to other countries 

The inutial )l(,(t(;t IIn our Africarn turn urarn wa; d'velonpe( in West Africa 

under a 3 yar UJNDP irolect that wa; sa1bsg(ue: nilly extended ito a Second 

and third phase I he prinmue ohjective was strenothoning existing research 
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pest-management program in Africa. Discussions have also been held con­

cerning formal cooperative linkages with field projects of FAO, but nothing has 

these lines. We do provide plant materials uponas yet developed along 

request to several FAO field projects.
 

6. ResouricGs 
6.1 Staffing Glidedines at ICRISAT Center 

Staffing at ICRISAT Center recognizes the global relevance of its research and 

training activities. 
by a program leader with aEach program at ICRISAT Center is headed 

principal scientist in charge at each subprogram. The sorghum and millet 

breeding programs with their global reach each have an additional principal 

plant breeder to strengthen the research efforts. 

Every principal scientist works with one to three scientists trained in different 

aspect-, of the scientific discipline covered by the subprogram and recruited 

nationa:!y. These are well-trained scientists who generally have Ph.D. 

a few years at ICRISAT many of them find international leveldegrees After 
positions within the IARCs or other international agencies. Every scientist is 

rovided one to three scientific support staff Members (Research Technician, 
or Laboratory Assistants) mcId eachTechnical Assistants, Field Asistants, 

subprogram has the services of clerical staff. 

The crop improvement programs and the farming systems program each 

have about .10 to 50 regular daily-rated workers to help in the manual opera­

tions in the field or laboratory. Temporary daily-rated workers also are 

employed for a few days to a few weeks as dictated by the needs of the 

program 
Staffing in the training program follows the same general pattern as is found 

in the research progr ams The Principal Training Officer is supported by three 

training of!icers and ten support staff, with a higher proportion of clerical and 

secretarial staff and lower proportion of technical staff than the research 

programs 
Research and administrative support programs and divisions are headed by 

principal staff or senior nationally-recruited professionals. They are provided 

with the requisite supervisory and non-sUpervisory staff. 

6.2 Staffing GUidelines in the Cooperative Program 
necessaryThe staffing patterns for ICRISAT Center are neither possible nor 

In each regional crop improvementfor ICRISAT's Cooperative Programs 
a pathologist a; Iteam there is a principal breeder and, if funds permit, 

A smalier aurn ner of entomologists, generally con­
agronomist/physiologist 

several regional teams
centrating where possible on a single crop, serve 

Other principal scientists are added according to specific needs 

In the farming systems team at the ICRISAT Sahelian Center we will have a 

scientist, agronomist, ecoriomist, and an
soil and water engineer, soil 

agroclimatologist.
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Each principal scientist is supported by one technician plus two or three field
 
helpers arid daily-rated labor. The team also has clerical and secretarial
 
support. In West Africa we have recently been able to post a principal adminis­
trative officer to assist the several teams there in setting up and maintaining 
the necessary administrative services arid we hope to add a farm manager to 
the Sahelian Center. 

The staffing requirenents tor the regional programs proposed by the various 
research programs are substantial Each regional crop or farming systems 
team would contain two to four principal scientists plus a small number of 
principal support staff providing technical, administrative, and field assistance. 

Regional programs in West Africa have been commenced using special 
protect funds. Corc program funding has been requested only after two or 
more preiect phases have adequately revealed the requirements for long­
term commitments. This pattern of funding will be continued over the next 10
 
years.
 

6.)3 NonJ-S;:Iary C:.osts 

Over the last few years the ratio of salary (total emolUments) to non-salary 
costs has increased arid now exceeds 1.0. This has occurred in spite of 
decreased numbers of man-years at ICRISAT Center. The reasons are two­
fold. Total donor contributions have not provided adequate adjustments for 
inflation in salaries and wages, leaving less money for other operational costs. 
Also expanding operations inAfrica has introduced a much larger emolument 
bill for post allowances, housing costs, etc., arid higher costs for technical, 
administrative, and field staff. 

Our ability to conduct the work of ICRISAT well, to take advantage of 
opportunities, to explore new ideas, to respond to our clients' needs ire 
critically dependent upon our retaining adequate non-salary funds. 

We miusf, therefore, maintain a favorable ratio of salary to non-salary costs, 
preferably below 1.5. 

Travel costs as a proportion of operational costs are rising slowly over the 
years. It is expected that this rise will need to continue as we expand the 
regional programs, some of which will be based at ICRISAT Center. Travel is 
not likely to exceed 10% of operational costs at any time. 

Major capital constr uclion at ICRISAT Center will cease with the completion of 
our Phase If building program in 1982. Future capital requirements will be 
concentrated on greenhouses and screunhouses or equipment replacement. 
In accordance with CG requirements equipment replacement will appear in 
Ihe operational oudget A substantial capita, investment will be required to 
develop the ICRISAT Sahelian Center. The land allocated by the Government 
of Niger is 45 km from Niamey, on an unpaved road, without power, tele­
phones, developed water resources, or other utilities. Although the buildings 
planned are modest, conis!ruction costs will be much higher than in India. 
ICRISAT will seek construction funds from donors ofher than the CGIAR. 
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Table 9.Contnltud 

Proposed 
A:tual Cuif. Est. Budget Projections 

1981 1982 1983 1984 1985 1986 

2. INTERNATIONAL COOPERATION 
ACTIVITIES 

Officli of Di. lontl. Coop) 173 186 202 305 313 327
 
Ttaing & Fellowship.s 508 330 414 430 '131 433
 
Cunfolence:e & Symposia 15(0 104 195 195 195 195
 

Total 	 831 620 811 9,0 939 955 

3. A 	 iISriAlIVE S(PPO)RT 

a. (;iieri) AdmioI s.triatio)r 1,169 1, 123 1,190 1,287 1.347 1,.99 

(1). i ( p!nlr ajlitioL,
 

inilodin l : iot~ii lt,0y 2,999 3,217 3,0019 3,222 3,501 3,741
 

lotal11,168 	 4,40 4,509 5,140,199 4,848 

GraiiiltI.,tal - Cot)', O oh,t 1:',(11 :1,( 2 12,873 1.1,795 16,1184 16,884 

,IWe 10. Prinio al w . h tloo s /i,.e rcih ) Ir ill !i:Ir,n ,mo , o coo plative
 
program s in 1981 a rd prol ts for 1984.
 

ICI1SAf C1 t'r. Coope)ratiV Pr(lo ,ainis 
Prrqlrlanm 1981 19841 198 1 1984 

Ii miiniq Sy stoms 7 8 5 8 

01111h1 	 5 5 8 10 

,i I I el 	 5 5 7 10 

PulI ,s(s 	 6 6 2 2 

G ,in i dir t 5 6 	 4 

Eco ioi e:s 	 3 2 3 3 

Cerotirt; Riuiji r' s 2 2 

lfi c:hin try 	 1 1 -

Lotal 	 34 35 25 37 

Nott: 	 Coolerrtive Pr rl iam inc tde som Iositions flindr.d by special 
Projects. 
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I able 11. Requ it en1e11ts fo Cl l tatlIfunds 198 1-86 (In I S $'000) 

Actual Curr. Yr io dtet Projections 

1981 1982 1983 1984 1985 1986 

1. Land & Imprio mmirts 52 15 ? 50 115 125 

2. Bidrjs & vite lirplrovermrents 853 1,145 502 271 326 179 

3. Eqluipir'errt 	 106 325 220 316 681 860 

4. 	 Consul II nql St'r vi ces &
 

O thers 
 1,13 101 5 0 - ­

5. Wi's Afr in Coipital 232 250 580 660 950 720 

6. Co:i tri pmc:fs 	 - 14 39 43 62 57 

Total 	 1,386 1,850 1,420 1,540 2,134 1,941 

Positions and operational budgetary requirements appear to reach some­
thing of a plateau in the last 2 years of the period, but it is likely that regional 
programs commenced with special funds in eastern and southern Africa will 
cause some increase in positions above the projections shown in Table 10. 

Co nc Ius io n 

Ten years after the founding of ICRISAT, we feel that we are well on the 
way toward carrying out the mandate given to us by the Consultative 
Group in 1972 Our research programs are well established-in the 
Indian SLbcontiner, ,where we started and have made substantial pro­
gress; in Africa, wher,. we are developing improved cereals that ,',ill grow 
under the harsh environmental conditions of the drought-prone Sahel 
and where we will increasingly focus attention on problems in eastern 
and southern Africa as well: and in Central America, West Asia, and other 
semi-arid areas where rainfed agriculture produces the food necessary 
for life. We have found in our research some things that will work, and 
some that will not, and we have incorporated the positive traits into new 
crop lines that are n,, beginning to reach farmers fields. The gene bank 
that we have eslabllh.ed at ICRISAT Center serves breeders throughout 
the world 

We realize that this is only the start toward meeting the challenge. We 
know that, no matter how effective and productive the crop lines and 
farming systems we develop, there may not be a Green Revolution" in 
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the conventional sense in the seni-arid tropics-prirnarily because of 
the lack of water and fertilizer. But we are confident that the technology 
we are developing can avert disaster and eliminate food shortages it itis 
implemented and supported by national governments. We can only 
catalyze technological change through the national scientists and 
organizations that must bring about whatever transformation is to take 
place in SAT agriculture. 

We have made good progress toward enabling millions of small 
farmers of the SAT to increase their present production of our five 
mandate crops with high-yielding varieties that will be resistant to pests 
and diseases, and capable of withstanding moisture stress and other 
environmental factors that limit crop yields. And if we can sustain that 
progress through the 1980s and beyond, ICRISAT will achieve its goals 
and justify the faith of its tounders. 
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