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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 »vas 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 The Mandate

The mandate of ICRISAT is to:

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

2 Duvelop improved farming systems that will help to increase and
vostabilize agrncultural producton through more effective use of natural
and human resources in the scasonally dry semi-arid tropics.

3. ldentify constraints to agricultural development in the semi-arid trop-
Ics and evaluate means of alleviating them through technological and
nstitutional changes.

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

e e e e e e e e s s e e e e = e e e 2anaa born

1.2 The Basis for the Mandate
The Semi-Arid Tropics (SAT)

Following Troll's classification, the sami-arid tropics are areas where monthly
rainfall exceeds potential evapotranspiration for 2 to 7 months and the mean
monthly temperature 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 or: 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 (0% of the total SAT. But on a regional
basis, the largest geographical areas lie in West Africa (24%), East Africa
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(22%), southern Africa (20%), anc Latin America (19%). India has by far the
largest total population in the SAT, more than 400 miilion people or 55% of the
total. Next are the countries of West Africa (13%), Latin America (11%),
southern Africa (5%), other Asian countries (8%), and East Africa (8%).

The Mandate Crops

Scrghum 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
countries. Generally, they are the cereals of the pooresi countries and the
poorest people in those countries. In assessing priorities in 1975 the Technical
Advisory Committec of the CG!AR (TAC) drew attention (o thefactthat cereals
contribute some 70% of overall energy supplies in human diets in developing
countries. Sorghum and millets together rarik first, among cereals, in calorie
intake in Africa and third in Asia. Among the millets, pearl millet is the miost
important in the SAT and thus requires major attentioi". The mirior millets suich
as foxtail millet (Setaria italica) and finger millet (Eleusine coracana) are
important regionally in some SAT situations.

The demand for these cereals is also increasing in the developec countries
where they are used for animal feed. Sorghum, particularly, is becoming an
important export item and earner of foreign exchange for the developing
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, while productioninthe semi-aridtropics has



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
peart millet in the semi-arid tropics has lagged behind that in other regions and
stands at jusi over 1% per year.

The World Bank and the World Food Council both project that demand for
coarse grains in developing cuuntries 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 werld sorghum and pearl millet preduction.

Although historical sorghum production growth in the semi-arid tropics
exceeds the projected deinand 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
easlern 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,
southern and West Atrica have had the poorest productior records. In lhe
former, production has been declining at 0.5% per year and in the latler &
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
and 2.9% per year, respeclively, 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 food needs in suh-Saharan Africa could be between 9 and 13
rnillion torines by 1990.

Chickpea and pigeonpea are the most imoortant pulse crops of the develop-
ing world and of the semi-arid tropics, mair:y because they are first and
seccad inimportance in the indian subcontinent, which produces 80% of the
chickpeas and 9% of commercial pigesnpeas.

Chickpea is an important crop throughout West Asia, around the Mediterra-
nean Sea. and in parts of East Africa and Latin America, A grawing market in
the United States for chickpea is supplied principally from the semi-arid
regions of Merico. Pigeonpeas are grown throughout the SAT, particularly in
Fast Africa. in Central America, and wherever people of Indien origin have
seftled around the world. Forty-nine countries currently exchiange pigeornpea
gernmp.asm with ICRISAT.

Demand for pulses in the developing world is projected to grow a* a com-
nound 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
0.7% from the early 1960s to 1978. During 11e same period world chickpea
producion has been growing at abou’ the same rate. Production has been
dechning at almost 2.9% per year in the SAT countries of West Asia and by
0.7% i eastern Africa. World pigeonpea production has been growing at an
annual rate of 09% over lhe same period. The growth rate of pigeonpea
production in India hac been less than 0.9% per year.



The above figures suggest that there will be a major production shortiall in
pulses in the semi-and tropics. especially in India, if these trends continue.

Groundnut is the mostimportant oilsecd crop of the semi-arid tropics. Areas
in excess of 100,000 ba are planted to groundnuts in 24 countries, 95% of
vhich are less developed countnes As a combined oilseed and food crop.
groundnut re ks second Gnly to sovbeans. and itis the most important oilseed
in the developing world In 1979, 80 India alone spent approximately US $800
million on the import of vegetable oils

The projected deficit between demand for oilseeds and supply indeveloping
countries n 2000 is alarming. Demand is expected to grow ala compoundrate
of about 3 9% annually Groundnuts. a major source of vegetaole oib in the
semi-and tronics, has had a poor production record in the region and has
grown at less than 0.2% ayear. In semi-andWest Afrnica groundnut production
has been dechning at a rate of more than 4.0% annually India's recordisnot as
bad but its growth rate of 1.6% 1s well below projected demand growth

To meet the challenge of these projected detficits of cercals, pulses, and
oilseeds in ICRISAT's mandate region. we musi identity and develop techno-
logical improvements that will enhance the growth in productivity.

Technological and Socioeconomic Constraints in
Rainfed Agriculture

Traditional agricultural systems in rainfed SAT areas have evolved cver along
period to provide something to eat in all but the worst years. The technology is
based on the use of traditional varieties 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 sociocconomic constraints lo max'mum food
produection

Becausc of the largely r'ndependable distribution of rainfal. diversified
cropping 1s the rule, the ecological balance is precarnous. livestock/ crupping
interactions are significant and complex. and what infrastructure is available
has a considerable iniluence on the cropping decisions made by farming
families The vast majorty of farmers inthe SAT are of mited means andcanill
afford the cost of technological mistakes. Technology options that involve
greater-than-average nisks must have large cconomic rewaras to make them
atractive to farmers Our mandate requires research on the technological and
socioeconomic aspects of the farming systems within which farmers must
cperate. and on'y within which crop production can he increased through the
transfer of technowoay

Agricuttural research in the developing countres of the SAT has generally
becn aimad atincreasing production of commercial crops. Our concern is for
food crops n ranfed agriculture in less Adependable rainfall arcas The gap
between the income of people inirigated areas and rainfed regions has been
growing Moreover, governments are realizing that the potential of the semi-
and tropies 1o produce food far exceeds present production leveiz The
potential for modern agneulture does exist



The Transfer of Technology

A limiting factor in the process of the cormmunication of research findings to
client groups is the lack of scientifically trained anpower in many SAT
national research and development programs. The relatively few scientists
ana skilled agricultural staff already at work are restricted in their access to
new technology, literature, and germplasm. There is a need to recuce 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 oulreach programs.

2. ICRISAT s 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 imited means farming his land with few inputs and
without the benefit of regular irrigation, but with the help of his family and
some landiess labor We include alf these dependents, plus other viilag-
ers who supply the farmer with goods and services and receive iood and
payment from him in return, within the primary target group.

(n the rainied semi-arid tropics virtually all farmers are small farmers in
the scnse described above. ICRISAT serves the small farmar best by
devising means to increase the preductivity and stability of his major food
staples and impioving the cfficiency of his use of water, canital, and other
scarce resouwrces. His staple iood crops must be of good quality, be
resistant tc major diseases and pests, tolerant to the common stresses of
the SAT. responsive to inputs and goad management and capable of
giving fair yields under low inputs and poor managerment.

While the small tarmer and his dependents are our primary target, they
are not our sole target group. The CGIAR has endorsed the first piiority
objective of its Technical Advisory Committee (TAC) of ensuring ade-
quate food supplies in the developing world. ICRISAT, thus, iust be able
to provide breeding malerials and suitable cultivars of ils mandate crops
to all wiio endeavor to 1ulfill this basic okjective Similarly, while our crop
improvement mandate is focused upon the semi-arid lropics. it 15 not
restncted lo the 5AT. 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 countrias. National scientists are responsible



‘or producing irnproved cultivars and new technologies for the farmers oftheir
countries: ICRISAT undertakes research that contributes and compliments
their efforts. Our regional and cooperative programs are aimed at strengihen-
ing their research institutions and procrams From worksheps and conferen-
ces we obtain thewr assistance n planaing our research. National research
scienlists and their techmicians compnse most of our trainecs.

We empnhasize in our research what national scientists cannot or do not do.
We introduce genetic diversity by bringing together at one place a substantial
germplasm collection, including most of the natural landraces that are availa-
bie, and incorporating this diversity into tne breeding materials ‘hat we make
freely available. We offer them advanced materiais through our network of
international trials.

We develop new methods of plant breeding, or improve olg methods for new
situations. We emphasize resistance to widesprea‘i diseases and the worst
pasts and tolerance to major stress factors such as drought and poor seiis. We
try to pursue difficult problems with great concentration and with sufficient
resources.

We utitize and demonstrate a multidisciplinary team approach incorporating
the physical brological. and social sciences

Nationa! Research Programs and Institutions

In India, the scicntists in cur client group work mainly in the state agricultural
universities in naticnally cocrdinated programs. We have established cooper-
ative agreements in crop improvement research with universities in Tamil
Nadu, Karnataka. Madhya Pradesh. and Haryana. We will continue to assistin
strengthening these wmstitutions.

In Nigeria ICRISAT cooperates with the well-equipped Institute of Agricul-
tural Research at Ahmadu Bello Univer sity. In other African countries where
we have cooperative programs, the nationai scientists work in government
research agencies. Where these agencies are short of facilities or land suita-
ble for resedrch, ICRISAT has built facilitics and developed research farms.
Some ICRISAT scientists have been stationed in those agencies largely to
serve the national rescarch eiiorts. 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 arc trained and aopoirted.

Extension and Action Agencies

In African countries 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 extensive networks of
rescarch 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 andtested on farmers' tields. We assistin establishingand
evaluating the tnals.



Our farming systems research has substantial demonstration value.
Irnproved 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 that they may the. implement thie
technology more widely through the country.

The ICRISAT Governing Board has established a Transfer of Technology
Committee to determine which research results can be appropriately trans-
ferred through training program, conferences, workshops, and cooperative
orograms with national institutions.

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 sorghum ind the
legumirous crops will be done to directly benefit the wet-dry region. We hope
also to improve our cooperalive relations with other research agencies work-
ing particularly for this region.

Over the next 10 years ICRISAT will develop a iarger regional program.
Regional groupings of participant countries have been developed for each
crop, and priorities of and for each region have been established by consulla-
tion with national scientists and by statistical and program analyses within
ICRISAT. All regional programs will be developed with the guidance and
cooperalion of relevant national instituticns and programs. South Asiawillbe 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 attemp! 1o introduce new plant materials and
tecnnologies that can te used to arrest this trend. West Africa will be the first
priority region for pear! millet and a high priority region also for sorghum,
groundnuts, and associated farming systems and economics programs. It will
be served from ICRISAT's Sahelian Center in Niger and other regional foca-
tions in Upper Voita and Nigeria.

Eastern and southern Africa will have next claim upon our attention. ICRI-
SAT crops are or have bean important foor crops in these regions, and there
is clear recognition that maize production nas been extended beyond the
crop's agroclimatic limits. Sorghum and miliets can offer safer and culturally
acceptable alternatives if modern input-responsive cultivars can be made
available. The Heads of State of nine southern African countries have asked
ICRISAT 1o 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 pricrity region also for pigeonpea andto a lesser extent
chickpea.



West Asia and the Mediterranean are important chickpea-producing areas.
ICRISAT is serving this region directly by st tioning its scientists atlCARDA in
a cooperalive research program.

ICRISAT crops are important also in Latin Amenica. Sorghum has potential
as a focd crop for small tarmers in Mexice and Central America, where
pigeonpea is also important. Sorghum and milict have considerable potential
for feedgrains and forages throughout the region. ICRISAT will sexrve this area
mainly through cooperative agreements with U S_ universities, but some direct
input from ICRISAT Center will be necessary. Pulse yields in particular mustbe
substantially improvedto reach production technology levels relevant 1o South
American economic conditions.

The region of Southeast Asia and the Pacific 1s wr.portant for sorghurn,
groundnut, and pigeonpea. It will be served maitny mom ICRISAT Center and
through cooperative agreements with such other agencics a., the ESCAP/
FAQ Center for Coarse Grains, Pulses. Root Crops, and Tubers mindonesia.

2.4 Prioritics amondg Programs

After 10 years of growth the priorities arnong programs are well established
and canbe judged from current core and special preject budget presentations.
The global sorghum anprovement program 1s and will continite to be the
largestin funds and numbers of princpal staff Pearlindlet and groundnut have
programs of abaut cqual suesand the programs in pigeonpea and chickpea,
which are cor - sdinte a sinale Pulse limprovement Program, are semewhal
smallet

The Farmung Systems Research Program s largen than ther sorghum pro-
gram. but this refation may change over the next 10 years The program in
Econonics is about the same size as the prograim for cach pulse crop s a
large program in social sciences by IARC standards made necessaty by the
many econonic and social constramnts affecting small farmers i rainfed
agriculture

Traming at {CIUSAT is qiven substantialimportance. particularly because of
the dearth i trained peopic in the semi-and ropies outsige of Indi, and
becatse the bansfer of farming systems technology. which has high site-
factor and comuiexily constiaints reguires intimate knowleage of all aspects
of all the practices nvolved.

Genetic Resources requires substantial mput because of the several crops
for which ICRISAT acts as t'.» primary collector and repository.

The orcer of prionties are in general agreement with priorties accepted by
the CGIAR in its review of the TAC Paper on Prionties {19R0) Forward
projections for all programs over the next 10 years assume fimited growth
mainly through increases in core program resources. A separate section in
each program parrative discusscs changes in prionties under other growth
assumptions
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Initizlly 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 developed, 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 majorimportance: rearing
and infesting techniques are now available, and sources of resistance are
being identified. An cffort is being made to iinprove our capabilily to screen fur
midge and headbugs

A useful consistent procedure to screen for grain mold has been developed.
and virtually all of our breeding projects have material in this program. Proce-
dures to screen for resistance to downv rnildew and charcoal rot are being
developed. and a screening program for resistance to anthracnose and other
leaf disecases has begun

Progress has been made, both in developing screening procedures andin
learning more about controi-management techniques for the parasitic weed
Striga This work is going on both in West Africa and at ICRISAT Center since
different species of Stiga exist in Africa and India,

Progress has been made recently to screen for aspects ot droughtand heat
tolerance and stand establishment. Generally breeders nave developed early
drought-escaping varieties. we can now evaluate other mechanisms leading
to resistance

In breeding for igh lysine and better food o:ality grain, we used two Sources
of high lysme one. a shrunken-seeded type from Ethioma and another, an
opaque from Purduc Unversity There has been a problem developing high-
lysine vaniehes with acceptable normal grain. Itis now clear, as with opaque-2
maize. thal the solution Lo this problem will require a substantialinvestment in
research A team of scienusts has been invelved with this and related prob-
lems at Purdue University for many yedrs, we are liaising closeiy with the
University To maintain focus on yield and stability with good quality ot grain,
ICRISAT has shifted emiphasis to determine food quality preferred by consu-
rors in Asia. Africa. and Latin America. We have made considerable progress
in this dirccton

Priority Regions

Witk substantial input from sorghum breeders throughout the world, and
particularly from within the semi-arid tropics, we have identified functional
geograpl ic regions, zones of adaptation ard priority problems for sorghum
mproverment Geodaraphic functional regions are areas of such a size that
coordination of research is recommended. They are listed in Table 1. with
overall impertance being placed on the indian stibcontinent, weslern Africa,
castern Africa. southem Africa. Central America, and Mexico. While the SAT
zone produces sorghum primarly for human consumplion, the non-SAT zone
(except China) produces it mostly for animal feed. There are noliceable lrends
of increase in demand from some areas (Latin America, East Africa) for
sorghum as direct hurnan foed, particularly in areas that are marginal for the
production of maize.



Table 1. Geographical regions including area under sovghum,and yield.

Area Average Relevant
(Mitlion yield méajor
Functional region ha) {(kg/ha) collaborators
PRIORITY 1
Indian subcontinent 16.6 784 ICAR and agricul tural
universities
West Africa, low to 13.4 654  Research agencies in
intermediate rainfall areas region such as USAID,
(Nigeria, Senegambia, Sudan, IRAT, FAO, IDRC,
Mali, Upper Volta) ICIPE, INTSORMIL, and
many national programs
West Africa, high rainfall 22.9 655 Developing research
areas programs by SAFGRAD,
CILSS, institut du Sahel
Fastern Africa and Yemen 6.2 956
(Ethiopii, Kenya, Tanzania,
Yemen, ete,)
Southerm Africa 0.8 758
(Zimbabwe, Mozambique,
Maliaw, Botswana, ete,)
Central America and Mexico 1.9 1665 INTSORMIL and nat anal
Mexrco, B Satvador, programs
Gautemala, Honduras, etc.)
PRIORITY 2.
Troprcal South America 0.65 2171  INTSORMIL and national
programs
Far East 8.6 1043
Southeast Asia 0.5 1183
Mediterranean - USSR
Contributing Regions
Temperate America 7.9 2508 National
Oceama (primarily Australia) 0.4 1812  programs

Source: Adapted from FAQ Production Year Book, Vol, 32, 1978,

Zones of adaptation have been identified within geographic functional
regions. They are defined roughly by rainfall and length of rainy season (low,
intermediate, high), latitude (temperate, tropical), and efevation {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 feur
zones, alt in less developed areas of the semi-arid tropics. Two zones | and il
have relatively high priority (Table 3 and Figs 2 and 3). Within zone | 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 thruslts 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 technigues will be routinely used in breeding hybrids and varieties to
withstand moisture stress situations.

Table 3. Geographie e s/Zfunctional zones of peart millet production (1978
dati baser,

Arva Average
{mtltion yield Major
Zone Priority i) tkashal collaborators

b, Sahelvan Africa

Cametoon, Chad, Mali, 1 13.63 520 UNDP, USAID,

Mauritania, Nigern, Nigeria
Senegambra, Sudan,
Upper volta

1. Southermn and Eastern Africa
Botswana, Laypt, Tanzama,
Zambia, Z imbabwa

i NL India & Pakistan

Gujarat, Haryana,

Madhya Pradesh, Punjab,
Rajasthan, Uttar Pradesh,
& Pakistan

IV, Central & Sonth India

Andhra Pradesh, Karmmataka,
Maharashtua, Tamil Nadg

o]

0.69 500

8.39 430

3.31 420

SAFGRAD, CILSS,
TRAT, Inst, du
Sabeel, 1DRC and
natronal
programs

ICAR and
universities

Sourcer FAQ Production Year Book, 1978, Indian Agriculture in Brief, 17th
ed,, 1978, Wodd Agnicaltaral Attas, Vol, IV (Africa), 1976, Bajra

Produttion .

n 1976, Pakistan Agricultura” Research Council,




Figure 2. Reported area planted to pearl millet in Africa (1978),
priority 1 zones in brown.

One dot equals 20,000 hectares

Count rivs with mere than 100,000 ha

country millron b
Liarme Yo nodd
Charl 1.14
byt 0,17
Chana 0,21
Hala .25
auritanta .11
Higer 2.70
Nideria 5,00
Serreoagal 0,95
sudan L.20
Tansania 0.13
Toao (., .20
Upper Volta 074
sinbabwe 0.39
Others 0.8
Total africa 14.91




Figure 3. Reported area planted to pearl millet in South Asia (1978),
priority 2 zones in brown,

One dot equals 20,000 hectares

PAFISTAN

Millroen hin Million ha
pakistan [N India 11,03
Baluchiscan VLl Andhra Pradesh 0.57
RITIS 1,04 Bihar 0,02
Punjan [ERE Gujarat 1.61
Sind (A X Laryana 0,95
Jeammur n Kashmir 0,0l
Total South Asia 11.7 million ha Karnataka 0,49
Madhya Pradesh u.19
Haharashtra 1.82
funjab .15
Kajasthan 3.80
Tamil Hadu 0,41
tnion Territory 0,02
tttar pradesh 0,99







ute to instability of production. Major objectives are to incorporate into
advanced vreading 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 geirmplasm is fundamental to most of these
activities. ICRISAT has an extensive and still expanding germplasm collection
that is a majer source of unexploited variability. The systematic mobilization
and dissemination ot germplasm variability through crossing and progeny
seleclion will Le a priority objective in the next 10 yeara.

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
released in 1982, and olhers are likely each year.

In India the national coordinated program of research in pearl millet is
strong, particularly in developing 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 relevant 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 genelic improvement within
the context of rainfall 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 in Sahelian Africa and. since
experience has shown that exotic germplasir, cannot survive the high pest and
disease pressure there, breeding must be done in situ. This process has
started in s countrnies spanning 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
ifentifying 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 soctoeconomic information and an understanding of the physical and
bictic constraints to yield and ways to ameliorate them The Farming Systems
Research Program 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 yreld 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 locale the most effective breeding 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 4
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identify, in collaboration with the Farming Systems scientists, varieties
suited to improved intercrepping patterns.

Funding Implications

If funds increase. work would be commencedin Zone |l and intensified in Zone
|, particularly on adaptation and crop establishment factors and utilization of
nitrogen fixation. We would aiso investigate the possibility otacquiring for grain
production in pearl millet the following exceptional traits available in Napier
grass (P. purpureum) high growth rate, high nitrogen fixation, disease immuni-
ties and resistances.

In the event of a decline in availability of funds we would effect economies by
adjusting the volume of material, labor, and program travel. If funds decline
further some hreeding and microbiology projects would be shelvedin Zone .
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 programs in
India and the Sahelian countries. Links with oth2r institutions will be strength-
ened and increased as appropriate to achieving program objectives. These
already exist with USDA at Tifton, Georgia, and Kansas State University in the
1JSA and with Reading University. the Plant Broeding 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 Universily 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 arcas of collaboration are expected with US Land Grant
universities 10 the Title XHINTSORMIL project.

Pulses

Chickpea (Cicer arietinurri L) and pigeonpea (Cajanus cajan L. Millsp.) arethe
principal pulses of subsistence farming systems of the {ndian 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 inthe
Indian subcontinent. The yields of both these crops are low, and they contiiue
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



number of pulse crops; thus specific attention to chickpea and pigeonpeawas
limited. The ICRISAT program had to give highest nriority to collection and
evaluation of germplasm resources and development of strategy for crop
improvement.

Chickpea scientists have developed techniques for screening against
important diseases such as wilt. Ascochyta blight, and stunt, identified liries
resistant to these discases, 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 higher yield potential. Effortls are
being made now lo incorporate disease and pest resistance. We continue to
emphasize the study of methodologies for breeding. igentification of chickpea
rhizobial strains, and developmer. ot suitable agronomic practices for
Increasing production

Inrecogniion of the importance of the kabuli type chickpea tor the Mediter-
ranean region, we have started a cooperative research program with ICARDA
for kaulnimprovement of that type The program is very usefulfor screening
0 Ascochyta bight resistance It has been established that winter planting
increases proauction significantly over the present systoms of planting in
spring provided Ascoctn (e blight resistant varietes are used Tershmiques of
scraening for Ascocavea bhght resistance have been developed andresistant
sources adentified for use in the Meditonancan area and the Indian
subcontinent

In pigeonpea. our research has resulted n the identification of extra-early
maturing lines that are useful for many nonconventional areas in northern
India in rotation with wheat, and in Australia for mechanized cu'tivation under
ramted situations

Selection and development of veaetablo pigeonpea. which is in demand in
the Caribbean. East Africa. and parts of In.dia has resulted in the production of
promising matenal for use n these areas ldentification of male sterle ines
and e possibilty of producing hybrids has opened up new avenues for
improved yields Our collaborating sciontists have determined that the poten-
thal yield of pigeonpea 1s very high under a rainfed production system with
adequate inputs. Identification of lines resistant to wilt, stenlity mosaic, and
Phytophthora bhght and less susceptible to Heliotius offers poientialities of
mcorporating some of these traits in clite material to stabiiize yields. Our
scientists have found that of the three ICRISAT mandate legumes pigeonpea
Is the only one i which ureide concentration can be used as an index of
nitrogen fixation zapacity

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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Tahle 5, Geographical functional zones along with arca and yvield of yigeonpea.
¢ Y prg I

Average Relevant cooperative

Area yield research
Priority/Z one (million ha) (kg/ha) program
PRIORITY 1
Zone |l
A. Northern Indiad ¢ 1.1 960

(U.P., M.P,, Bihar,

and north Indian

states) All India
Coordinated Puise

B. Central and 1.6 530 Improvement Project
Peninsular India® €
(Maharashtra, Karnataka,
AP, Guparat, Tamil Nadu,
Qrissa, and other states)
Zone 1
h . .
Kenya, Uganda,” Tanzania, 0.3 520 IDRC-supported legume
Malawi, Mosambique, program in Kenya
Scutheast Asia, Burma,
Thailand, Pakistan
PRIORITY 2
Jone Hi
Mminican anuhli(:h, 0.4 1150(1 Little orqanized
The West Indies, and research on pigeonpea
countrres i Central America in the region
Zone 1V
West afirica Figures not available, but area

has good potential for pigeonpeas,
which are mostly grown as a back-
yard crop at presont,

Sources: a. Directorate of Economics and Statistics, GO, 1978,
h. FAQ, 1975,
c. States with Iess than 60,000 ha under pigeonpeas are not
mentioned rndividually but are included under others.
d. Figuwe mcludes yields of groen pods and repeated harvests,

on India and countries in eastern Africa. We will have 1o depend on special
funding for pigeonpea research in East Africa, West Africa, and Central Amer-
ica and for chickpea research in South America (Priority 2).


http:hiravet.ts
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The Indian subcontinent is the highest pricrity region for both pigeonpeas
and chickpeas. Both crops are .mportant sources of protein in the diet of the
people. in india the present production of all pulsesis 12 milliontonnes, butthe
requirement to mnet dietary needs is 17 million tonnes. Thus there is already a
deficit of over 30% ICRISAT will do everything possible to assist the countries
in the Indian subcantinent to increase pulse production in the 198Us.

Available statistics and ow own surveys in castern and parts of southern
Africa have revealed the importance of pigeonpeas inthat region Large areas
of pigeonpea probably do not figure in the statistics brcause itis grown as a
backyard crop by a large number of poor people. The yield of pigeonpea per
hectare is lower than in india. and we feel we must serve thatarea on a high
pricrity basis '

Many countries inwestern Africa are very sultable for growing nigeonpeas.
If funds become available we will address ourselves to the needs ofthatregion
and of Central Amernica

Research Priorities, Strategies, and Goals
Our high priority rzsearch targets for the next decade are:
1. Environmental stresses

e Develop screening techiiques for stresses such as mosture, salinity,
high temperature, and frostn chickpea, and moisture, waterlogging.
and salmty n peonpea We hope thatin the next 5 to 5 years these
objectives will be achieved

e Study factors ntliencing growth, developments. and phenology 1n
arferent environmaents to characterize environments and understand
physiulogical hases of adaptation and stability of yield These studies
will be i coliaboration with mstitutions such as the University of Read-
ina, UK Uniersity of Queensland. Austrahia, and DSIR New Zealand.

e Identibcation of chickpoea and pgennpea Genotvpes adaptedtonontra-
ditional systems and analysis 1o determine the major factors limiting
vields on farms compared with research stations (vield-gap analysis)

2. Diseaso stress management

e Develop elite discase -resistant materials

e Screen germplasin for additional sources of resistance to witt, rootrots,
stunt, Bonyts arey mold. and Ascochyta blignt in chickpea; 1o wilt,
Phytophthora bhght, and stenility mosaic in pigeonpea. and distribute
sources of resistant material through international nursery programs.

e Study the influence of cropping systems on the incidence of soilbori
diseases

e Develop projects on emerging discase problems such as Alternaria
blight on postrainy -season pigeonpeas

e Investigate epidermiology of chickpea and pigeonpea diseases and
survey potential discase problems



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 padfly for
pigecnpea.

4. Nitrogen fixation

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

Asssess the contribution chickpea and pigeonpea make to the nitrogen
putrition of associated crops in intercropping and seauential 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

physiotogical stresses) of yield of short-duration desi and long-dura-
tion desi and kabuli genotypes suited to peninsular and northern India.

e Improve yield potential and stability of kabuli types for West Asia.
@ Develop mecium-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
systems in semi-arid tropical areas of the Indian subcontinent, South-
east acia, 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 pests, 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
emphasize that presently going on in India, Pakistan. Bangladesh and West
Asian countries The program will expand its pigeonpea research to includa
eastern and southern Africa, the Carnbbean 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--without affecting teamwork—
and redefine owr prionties.

Linkages with Other Institutions.

India has a weil-organized national pulses improvement project, and pigeon-
pea and chickpea are two of the several crops in the project. In order to
strengthen the already existing cooperation between ICRISAT and the Indian
Council of Agricultiral Rescarcn (1ICAR), we propose to study the teasibility of
integrating our pigeonpea breeding work with that ot ICAR This will further
strengthen our capability 1 serve the program of the host country as well as
those of nontradiionat areas

We alieady have effective tinks with TCARDAL the University of Reading
(chickpea physioloay). Rothamsted  rcrobiology). Max-Planck Institute
(entomologyi. University of Queensland (pigeonpea cytogencics) We will
strengthen these links and develop others as and when the need anses.

Groundnut

Seventy percent of the world's production of groundnut (Arachis hypogaeal.)
comes from the developing countries. many of which lie in the semi-arid
tropics. The yields of groundnut in the SAT are low, around 800 kg/ha. andthe
fluctuations in yields are very high Yields can be substantially increased by
management of yield reducers of which the most important are pests, dis-
cases. and the unreliable rainfall patterns of the SAT.

The Groundnut Program at ICRISAT started mid-1976 but significant
research only commencedin 1977 with the appontment of staffinsom.cofthe
disciplines. Physiological and entomological research will become increas-
ingly important in the next decade as full staffing ofthese subprograms is yetto
be completed. The main achievements of the programinthe jastfew years are:

e Initiation of large-scale hybridization programs and improving the suc-
cess rate In crossing from less than 15% to 60% mn the field and in
excess of 70% m the glasshouse/screenhouse.

e Development of field and laboratory techniques 10 screen for rust
resistance. identification of new sources of rust resistance which are
being used in large-scale hybridization programs with a wide range of
commercially acceptable, but rust-succeptible parents.

¢ Establishment of laboratory facilities and techniques for screening



groundnuts for seed resistance to Aspergilius flavus and commence-
ment of large-scale screening.

e Identification and characterization of several groundnut virus diseases.
Bud necrosis has been shown to be caused by Tomato Spotted Will
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’.

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

e |dentification 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.

e Initiation of research on the use of lissue ana embryo culture to over-
come barriers 1o hybridization which exisl belween other potentially
important species of the genus Arachis and the cultivated groundnut.

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

* Identification of nonnoduiating 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

tndia and Africa emerge as the areas of greatest concern when the hectarage,
production, consumption. and the contribution the crop makes to the available
fatin the human diet are considered (Table 6). In India the compound growth
rate of groundnut production for 1961-78 was less than 0.6% in West Africa it
was negative. Thus some groundnut exporting countries have become veget-
able ol importing 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 is 3%
but groundnut oil countributes only 8% of the available fat in the diet. The
lowest priority area is South America, whose population has a salisfactory fat
irtake although only a low proportion of this comes from groundnut. ICRISAT
considers it can adequately scrve South America through the supply of
breeding materiat and advice.

The ICRISAT core research programy will continue to focus attention on
India and a program will shortly be initiated in Africa. This will start with an
IDRC-tunded project in Malaw, where a breeder and patholoaist will form a
team to cover both castern and southern Africa as part of ther regional
activiies. They wil 1ater he core-funded
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Table 6. Geographical and priority groundnut regicns, with area, yield and
research capabilities,

Functional Region

Area
(000 ha)

Average

yvield
{tha/ha)

Relevant cooperative
research program

PRIORITY 1:

1. India

2. Western Africa

3. Southern Africa

PRIORITY 2:

1. Eastemn Africa

2. Southeast
Asian counties
texcluding India
and (hina

3, Chana

PRIORITY 3:

1. South America

7200

3061

1469

24556

768

861

880

782

1102

1174

1023

All India Coordiated
Oilseceds Research Program
exists: National Research
Contre for Groundnut
(bemg developed).

Strong National Programs
in Nigeria, Senegambia,
others need strengthening,
IHRO m francophone
countnies; GIZ program an
Ghana (new),

Strong Natonal Programs
in Malava and Zimbabwe;
other national programs
need stengthenimg: TDRC
oillseeds projectan

Moz ambirque (new),

Strtong National Program

in Sudan: others need
strengthening: ODAoiseeds
project in Tansanial new
IDRC projects o Ethiopa
and Tansania,

Strong Mationat Program o
Thailand: others need
strengthenma: possibilities
of DR O projecys,

National Program (being
developed, potentially
sttong)

Good National Programs in
Argentina and Brazil
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increasing their groundnut production. In this area ICRISAT is already cooper-
ating with most of the countries by supplying breeding material and germ-
plasm With the present hmitation of funds we cannot at present consider
selting up core-funded ICRISAT programs in this region However, UNDP and
IDRC have an interest in funding oilsceds projects and we will for the present
cooperate with regional bilateral, or national programs.

At preseri. Thailand has the strongest rescarch capability in the region
followed by Pakistan Research capabilities in Burma, Indonesia and the
Philippines are presently notstrong ICRISAT has developed cooperative links
with China. Germplasm and brecding ines with resistance to rust have been
supplied and traning has been given to Ghinese scientists, particularly in the
fields of cytogenetics. fungal pathology. and virology. Again, we do nol anlici-
pate any further mput into China by ICRISAT except through supply of genetic
malenals. teeanmgues, and training

The more humid areas of this region, including southern China and Indone-
sia. have probiems not feund in the other drier regions of the SAT. These
probiems include bacterial wilt and witches broom’ disease (the latter proba-
bly caused by a mycoplasma). and we are planning collaborative studies on
these diseases

Research Priorities, Strategies and Goals
The high-prionty research areas for the ne decade are:

Environmental stresses

o Development of methodology within the next 5 years for screening for
resistance to moisture stross. temperature stress, nutrient stress, and
study of their interrelationships

e Examimation of basic physiological responses to environmental factors
to determine if laboratory tests can be used to improve selection
procedures

e Devclopment of larae- scale screening programs when the techniques
are standardized

Disease and pes! constraints

o Improvement of currently used s;&;rc:cmng techniques and development
of suitable screening techniques for scarching for resistance 1o dis-
eases causod by such fungal pathogens as Phoma. Leptosphaeruhing,
and Fusarm n Afnica

o Intensification of 1escarch on Aspergdius flavus and the aflatoxin
probtem

e intensification of research on pod rots and other soil-borne diseases.

e Identification of sources of resistance to important virus diseases and
development of control strategies

e Development of overall disease management strategics combining
multiple diseasc resistance, minimum fungicide use, and cultural con-
trol methods



e |dentification of sources of resistance to insect pests, particularly those
that are vectors of virys diseases.

e Development of integrated pest control management.

¢ Development of studies in pest dynamics in various cropping systems
and estimation of yield losses due o insect pests.

Nitrogen fixation

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

e Development of simple Rhizobium culture production methods for use
by national programs.

e [dentifi ;ation of cultivars with superior nitrogen-fixing capabilities and
use of those in breeding programs.

Breeding and cytogensetics

* Development and release to national and regional programs of high-
yielding rust-resistant lines, with reasonable levels of resistance 1o
leafspols.

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

* Development of pest- and virus-resistant lines.

e Development of Iines adapted 1o both high and low input conditions.

* Development of tetraploid leafspots-resistant lines from inlerspecific
crosses by 1985 for use by breaders.

* Determination of the potentia! usefulness of all available wild species
for the improvement of the cultivated groundnut.

* Overcoming the crossing barriers that exist between some wild species
and the cultivated groundnut by tissue culture and cytogenetic
mantputation.

* 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 arc compact
and operational with integrated research projects desigried to overcome the
major constraints that presently limit groundnut production.

It funding becomes limiting then savings could be made by an overall
reduction in future research etfort and a reduction in the proposed program
travel and expenditure on consultants. Reductions in expenditure can also be
made on the screening ot germplasm for new sources of rust resistance
providing there 1s no change in the present biology of the pathogen. Resistant
material so far identified appears to be stable over environmerts and can be
profitaoly 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 noresistance 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. howevar, 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 rescarch in Southeast Asia, concentrating on the rice-
based cropping programs and initiate work on bacterial blight and "wilches-
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 Urivarsity, USDA
(USA): Reading University (UK). and Impenal College (UK) in breeding,
cylogenetics and disease resistance and mittogen fixation studies. We are
cooperating with virus research institutes in Japan, UK, USA, West Germany,
and Afriza. and hope to become involved with virus disease surveys in Africa
and Eas! Asia We are taking part i the intemational Meloidogyne project
organized by North Carolina We have been involved with the planning phase
of the USA Title X1t Peanut Program and will be collaborating in several of the
proposed research projects

Genetic Resources

The key to success in crop improvement research lies in the variability and
potentiality of theworld's genetic resources. The internationaf centers thus are
in a unigque position. not only to earich their own prograrms but aiso to make
invaluable genetc matenal avadable to scientists all over the world. To mmeet
this objective, ICRISAT established the Genetic Resources Program in Janu-
ary 1979 We have embarked on along-range program of collection. evalua-
tion. mantenrance. conservation, documentation, utiization and exchange of
germplasm of the institute’s five mandate crops and six minor millets’ as
requested by the Internationa! Board for Plnt Genetic Resources (IBPGR).

Presently there are over 71,600 accessions of germplasm assembled and
conserved m the medium-ierm gena bank of iCRISAT. The number of acces-
sions by crops is givenn Table 7.

The collection s considered small compared to the woridwiae genetic
diversity that 1s not yet assembled and conserved.

In the next decaoe. we will intensify our global activities in collection, our
regional actvities N maintenance, conservation. documentation, and evalua-
tion, and our SAT responsibitties for utihzation and distribution. The most
important arcas of future collection are in Africa, Asia. and South and Central

Proso et (e o e e fnger il 5 oo cnrgc g tostailnnlietiSetana iahea).,
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Table 7. Accessions of germplasm in the medium-term gene bank at [CRISAT
as of Febh 1982,

No. of Arcas fairly well Priority areas to be

Crop ac essions represented explored

Sorghum 21,264 Eascern & South Western, Northern and
Central Africa, Southern Africa, parts of
India Asia and near East

Pearl 14,340 India, South Westemn, North Eastemn,

Millet Central Africa, parts of Eastem and
parts of Eastemn Southern Africa, Asia
Africa

Figeonpea 9,697 South Central Ascia,  Easternn & Western
Philippines Africa, Caribbean
Trinidad, Puerto Istards and sutrounding
Rico, Ausitralia, countrres i the Guli of
Kenya Mexico and South America

Chickpea 12,375 India, lran East Africa, Ethiopia,
Afganistan, Turtkey,  Egypt, North West Africa,
Israel, Spain and Western Asca, Algena,
NMexico Tunisea, USSR, Portugal,

Argentina

Groundnut 9,911 India, U.S AL, Bracil, Pera, Argentinag,
Senegambia Ecaador, Bolivia and other
South Amerrcan & Caribbean
countries, Burma, Indonesia,
Lastern and Western Afnica,

China
Ainon 4,039 India, Pakistan, Eastemn, Northermn and South
mitlets Fast & South Central Aforca, China, USSP
Central Africa and South Central Asia

Total 71,625

America. A concertea effort will be made to salvage the important vanishing
landraces and to cap ure new and desirable genetic traits, including those in
wild specics.for use in present and future crop improvement programs. Survey
of cytogenetic variation, population studies, inirogression and conversion,
morphogenetic andtaxonomic monographs will farm part of ongoing activities.

The specialized collection and evaluation program, as well as the refine-
ment of the applied research activities, will continue. The behavior and viability
of seeds under 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 germplasm conservation and utilization in SAT.






well-defined environments in SAT India. Some of the important achievements
are;

¢ The climatological data of severa! semi-arid tropical locations in India
and West Alrica have been analyzed and concepls for utilization ot
different agroctimatic 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.

¢ |t was established that crop production in the semi-arid tropics is not
only limited by low and urreliable rainfall but also by poor soil fertility.
The application of fertilizer is essential.

® Modeling techniques were used to predict the performance of sorghum
under different moisture envirunments, 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 watershed-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. Il
facilitates harvesling of excess runoff water for supplemental irrigation.
Collaborative research with the All India Coordinated Research Project
for Dryland Agriculture (AICRPDA) has been undertaken 1o evaluate this
technology under different environments

e Improved crepping systemms also have been developea on the deep
Vertisols to utilize the rainy scason period when they have been tradi-
tionally left fallow. In assured rainfall areas, rainy-scason cereal crops
have been grown without reducing the yields of pos‘rainy-season
crops; a cereal intercropped with a long duration pigeonea has been
particularly promising and has given much more stable returns than
sole crop systems.

* Intercropping has been shown to be a very efficient way of increasing
croo productivity. Cereal/ pigeonpea intercropping has given fullyields
of cercal and a “bonus” of 50 to 90% pigeonpea yield depencing on the
residual soilmoisture supply. Pearl mitlet/groundnut intercropping has
consistentiy given yield advantages of 25 to 30% on Alfisols, with even
greater benefits under conditions of moisture and nutrient stress.

e 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 rasearch 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 the 1970s from the Farming Systems
Research Program. Base-line studies were emphasized in the Economics
Program. in the 1980s greatcr emphasis is being given to on-farm
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research, although in Africa consideravie center-based research is still
necessary. The proportionate allocation of lime and resources to base data
analysis, on-center reseairch, and on-farm research will depend on the stage
of development of such research and the semi-arid tropical region in which it
is being conducted The individual disciplines will devote much effort to
integrated research while mantaming approprate emphasis on factor-
oriented research

Development of research methodology will remain an important activity.
One of the strategies in farming systeins research at ICRISAT will be to
incorporate a problem-oriented appreach involving multidisciplinary teams
drawn from all programs to focus on well-defined subject iatter areas othigh
priority in the attainment of ICRISAT s objectives During the 1980s particular
emphasis will be directed to conducting farming systerms research in collabo-
ration with national and regional institutions responsible for both traning and
extension.

Itis recognized that on - farin research plays a key rol. .n providing informa-
tion to shape priorities ICRISAT will endeavor to have a strong program of
on-fanm research in which national programs are involved, particularly atthe
stage of on-tarm testing of prospective technologies

Widely ditferent management systems will be required for the diverse SAT
soils. Four major soil orders—Alfisols, Entisols, Oxisols, and Vertisols—
encompass approximately 35% of the SAT. Alfisols and Entisols predominate
in West Afnica, and Alfisols and Vertisols in Asia; thus our research will
concentrale on these sails. The Farming Systems Program wiil collaborate
with other agencies and national programs on research in other regions to
evolve improved fanming systems

Research Priority Areas
Characterization of resources and identification of benchmark siles

Comptlation of nfcrmation on the agrochmatic and soil resources of the SAT
will receve high pronty inthe selection of representative benchmark sites for
developing and evaluating new technologies for awide range of environments
encompassing the major soit orders of the SAT. Agroclimatic surveys will be
continued for the next 4 to 5years to permit evaluation of the needs for farming
systems research. Soil maps of vanous levels of accuracy exist. but thereis a
need 1o coordinate and summarnze existing data with planned agroclimatic
work

Double cropping of Vertisols and refinement of technology for shallow
and medium Vertisols

For deep Vertisols, the maor objective will be on-farm studies to evaluate and
modify the technology thatwas developed inthe 1970s at ICRISAT Center. For
shallow and medium-deep black soils, the lechnology will be further refined.
We hope by 1985 to have appropria.e technology for evaluation in on-farm
studies


http:appre-.ch

Development of iIternative land and water management techniques for
Alfisols and Entisols

In research on Alfisols, the aim is to study alternative land configurations and
management techniques for increasing infiltration, minimizing erosion, and
enhancing the potentiat tor 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 capacily. susceptibility to leaching, and consequently greater
likelihood of moisture and 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-slation 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-saving irrigation.

On-farm research for evaluation and transfer of technology inthree villeges
has shown thatthe new technology increased farmers’ production severalfold.
These involved Alfisols receiving low rainfall, deep Vertisols receiving low
rainfall, and medium-deep Vertisols receiving medium rainfall.

Cropping for diverse environments

Our cropping systems rescarch 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
moisture 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 improvad 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
fertitizer will be studied by soil scientists, soil physicists, and agronomists.
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Nitrogen losses and development of technigues 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 wil' be conducted. Other nutrients such as phosphorus, zinc,
sulfur, and potassium will receive greater attention at a laler stage.

Weed, pest, and disease management

New and improved cropping systems frequently generate new weed, pest, and
disease problems. In collaborative studias 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 nex! few years. If
funding improves, we plan to expand our geographical coverage and collabor-
ative work with national pregrams. If funds decline we will reduce our input on
deep Vertisols al ICRISAT Cenler. The designing and development of wheeled
tool camriers will receive decreased emphasis. The machines already
designed and developed will be tested in the on-farm phase. Basicresearchin
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 olher 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 iis
transfer.

Linkages have been established with 16 expeririental stations of the Indian
Councif of Agricultural Research (ICAR) for further development andtesting o:
research results from ICRISAT. Similarly, in Uppei Volta and Niger, all farming
systems work is conducted in close collaboration with the nationatinstitutions
so thal the research findings can be transterred 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, assuming normal growth of funds, are depicted
in Table 8. A brief outline is given below:

Analysis of traditional farming systoms

in addilion to the three southern Indian villages under intensive study since
1975, there will be four new viliages under study in groundnut, chickpea, and
pearl millet growing areas of Gujarat and Madhya Pradesh in central and
northern India. Similarly mWest Africa, sites in Upper Volta and Niger are being
selected for intensive studies. All of these studies will continue until 1985,

Assessment of prospactive technologies

This will continue throughout the decade in both India and West Africa in
collaboration with natonal programs Modeling and simulation will form an
increasmg component of such studies

Environmental use and social organization

Studics of the use of common property resonrces will be inibated from 1981,
Conclusions from indian studies on social organization, particularly those
related to watershed development will be further evaluated

Studies of traditional tanks

Policy implications from studies conducted in India will be brought to the
attention of pohicy misieers, and investigations into the possihility of tank irnga-
tion i West Adnca wall be mtiated

Meochanization studias

Studies on anmal drawn implements and tractors in West Afnca will be
inttiated. Differences inoman/land ratios and wage/pnice relationships may
imply different conclusions than those arrived atfor the Indian and South Asian
siluation. 1t is expected that these studics will be completed by 1985 Problems
of availability of alternative €nergy sources for SAT agriculture will also be
studied

Risk studies

Studies on the nature and extent of risks and SAT farraers’ perceptions of risks
will be conducted inIndia and West Alncain the carly 19805 Results fromboth
regions will be compared and policy implications derived by 1985,

Market studies

The past and present work on supply and demand elasticiies of sorghum,
pearl indlet, aroundnut, and pulses will be utilized to carry out analyses simulat-



Table 8., Present and future socioeconomic research projects in India and West Africa (Upper

Volta and Niger).

[1980l 81 ] 82 183 liM l85 IBG ls‘/ ] 88 ] 89 [1990J

v Priority D India D West Africa
Analysis of traditional 1 WU T >
farming systems 1 —R— ________________________ >
Assessment of LQ! R o

prospective technologies

Envitonmental use and |1I
social organization lll ﬁ~—_—_—~~——___l—-::b
Studies of traditional {Gl I
tink s ......__.._]
Mechanization IBI
studies 3[ JR ]
] ]
Risk stadies - I_8_l -""]
!il l
Matket studies T S T T T T T T T e e s e
[b l ]R _ g
Consumet preference - e
analysis :l
Nutnition studies
Adoption constraints Sl I L 1
e D

l::] Project complated or under way

[:[R :' Project potontially continuing after review

[ ] Project planned
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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 preferance analysis

Studies on consumer preference insorghum and pear! millet will be extended
to West Africa and the implications for rasearch strategies brought to the
attention of breeders. This study should be completed by 1985.

Adoption studies and constraint analysis

Studies of the adoption of improved technologies and their effects will com-
mence in 1981 in India and West Africa To understand the gaps between the
performance of new technologies on research stations, in on-farm experi-
ments. and in farmers ficlds, studies will be undertaken in collaboration with
national programs and policy implications drawn.

Collaboration and Training

Collaborative research has always been a significant part of our strategy. For
example, we recently completed a study with the Indian Agricultural Statistics
Research Institute on fertilizer use on sorghum and millets. Rescarch on
acaptability, stability, and riskin sorghum breeding was undaertaken with the All
India Coordinated Sorghum Improvement Project (AICSIP) Gujarat Agricultu-
ral University and Jawaharlal Nehru Krishi Vishwa Vidyalaya in Madhya Pra-
desh are collaborating in our village studies in those states. Professor T D.
Wallace of the Department of Economics at Duke University, USA. is collabo-
rating with us in a study of rural 1abor supply response and technological
change. We are negotiating with the International Food Policy Rescarch
Institute (IFPR for cooperative researchin India and West Africa on demand,
supply. and marketing policies for sorghum and millets.

Collaboration with national. regional, and international organizations in con-
ducting studies of mutual interest and of relevance to the SAT will receive
greater attention in the 1980s.

Training of economists trom national programs for collaborative studies will
be given a high priority.

Funding Implications

The above priontics assume a normal growth rate of program funds. If tunds
rermnain constant, priorties 10 and 9 in Table 8 probably willbe droppea in both
India and West Afnca. It 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.



4. Transfer of Information and Technology

The fourth objective of TCRISAT 15 1o assst i the development and
transter of technoloay through cooperaton with national and regional
reseatch programs by sponsonng conforences, operaling international
framina proarams . and asssting extension activities: Cleatly thns implies
d commiment tooapplying the product ob TCRISAT's research
progrimes both knowledae and technoloay that s fully proven o
redions of the SA T whereatisrelevant The Governma Board of ICRISAT
Accepted i chudlenae by sottmg upa Technology Transtor Committee
whose specihe auns are to laailitate and asast tus etfort The comanttee

15 empowered to

FoDeckie vhat produets of ICRISAT research programes are teady for
tanster o nationalaaneultnral ac non programes These products range
omnew methodoloay g crop brecdieg hnes and cultivars 1o more
comples technoloay fron Earming Systeme Progemes ipackages of
technolongy s and toilow apa on o studies i villagos

S Plan e e onachon proarame to tanster technology. ensurnng
feedback rom e h progrms o research workers tondicate the neod
for rther roneaen

Although TCRISAT 1 relatively young, tanster of technology has already
beqgun and cortin channets have been established both in india and in Aftican
counties They can be broadly catqgonzed as folows
A Saenhst o scentshinteracton Very real contnbutions are bemg macde to
natonal and reqonal procrames by exchanges of ideas. early-gencration plant
beveding ines and technoloay, particularly mthe area of screening for stress.
Pheswallarow i the nest 10 vears The process s facilitated in Adrica by the
fact that TCRISAT scientists work ot national rescarch stations and attend
natenab rescarch meetings on crops in ICRISAT S mandate
b Sead matenale from acrmpliasm collections and from ICRISAT breeding
programs.andn some mstances tested matenals rom other national breed-
g procgrams i Asi and Afncaare made readily avanlable through ICRISAT's
network Astar as possible, this s done through national testing programs and
seed multiphcaton ar vanety elease scnemes TCRISAT 1s able to readily
mobilize and distibute matenals i mandate crops
coApphcation of tnproved technology or technological practices in consulla-
ian wath national agencies and universties inpre-extension projects. This
techmauie wsall be mereasinaly used in the future, bilding on e data base
aceumulated from our village tovel stadies moIndia and now begmning in
Upper Volta and Niger and o our expenence gamed from introduction of the
nnproved technology for utilization of double croppng systems on the deep
Vertisols i india ICRISAT will not become involved in direci extension work
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but, correctly, should become involved in identifying constraints and problems

ssociated with the transfer of research results from the closely supervised
research station situation to the farmers' fields and the evaluation of con-
straints at that level.
d ICRISAT has arole to play in informing policy makers and semor govemn-
ment officials of advances inresearch methodology and potential payolls from
rescarch. The exact mechanisms of ensuring such transfer vary It can be by
direct contacts at high levels, visits to ICRISAT Center, and sometimes in more
formal sessions on specialized topies

By wirtue of links with developed and developing countries, ICRISAT s
increasingly able to host workshops. symposia and conferences, at which the
most recent research findings can be made known. These gathenings range
from smalt specialist consultant workshops, such as on crop modeling or yield
ascossment, to large conferences involving broader representation from
developed and developing countries which give a broad mput into future
planning strateqgies for a whole area of research,
e Tranmg assumes special importance, given the expertise and facilites
availlable both atICIRISAT Center and in Cooperative Programs. A range of
disciplines are covered and an ncreasing body of rescarch information 1s
being accumulated with specific relevance o SAT areas. Good progress has
been made bul constant reviews o striategy are necessary 10 maximize
effectiveness Tne capacity to tam techmeal and scientfic personnel is
mited More accent sl be placed o the future on the training of trainers and
an expansion of baning @ cooperating countries

A major constramt to agnculturai research and development in SAT countries
will continue to be the shortaae of skilled manpower to canry forward dynamic
programs of crop mprovement farming systems, and production technology.
Gur training program therelore has g significant responsibility to assist in
providing tramed agoculturahsts who can work more effectively in research,
extension, and tramng activities One of ICRISAT s major contributions will be
through tranming nationals of SAT countrnies to develop and plan rational and
retevant researon prageams for their countries [tis vitalthat strong mdigenous
research programs be developed o capdalize enresearch results and mate-
nal comma forwarg from ICRISAT programs

The strategy s to provide educational opportuniies and practical expernen-
ces for perscnnel rom national programs and donor counties who are work-
mng orintend towork in naional. regional, oninternationat agricuturalresearch
or development programs in the rainfed SAT These traiming programs will
continue to utilize the Institute’s unique access 1o genetc rescrces, SAT
environments. scientific expertise, research expenence with selected opical
crops. access lo scientfic iterature. and scientific equipment and faciities for
providing multichsophnary traming opportunities Trainees are classified as
International intermes, Rosearch fellows, Research Scholars, inssenvice
Fellows. In service Tramees, and Approntices



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 farming systems. Trainee categories of International
Interns, Research Fellows, Research Scholars and Inservice Fellows are the
future research scientists who will actively carry out research in our mandate
area. In-service Tramees and Apprentices are junior scientists and research
technicians who will support these scientists. During the first 10 years of
lraining ul ICRISAT, the greatest need has been for training junior scientists
and research technicians During the next phasc, more opportunity will be
given to training of all ICRISAT categories of research scientists—-from Inter-
national Interns to In-service Fellows. By attempting to identify and train more
scientists, both from developing and developed countries, we will ensure a
steady flow of scientific manpower tor rescarch on our mandate crops, farming
systems and cconomics to research agencies in the SAT

The largestnumber of trainees have participated in sorghum and pearl millet
improvement and production training. The interest in specialized training in
pathology. entomology, physiology, microbiology, soil physics, soit fertility,
socroeconomics, and research management will significantly increase with
the increase in the academic qualifications of applicants Requests for more
traming i groundnut, chickpea. pigeonpea, and farming systems research
areas are expected to continue to increase,

We hope increasimgly to assist scientists in the cooperative programs to
conducttraining programs in crop improvement, crop production, and farming
systems. These training activities would be organized in association with
national biarning faciities in the reqgional areas and would enable training of
persons in their regions of work and the language of therr scientific activitios.
Such training would be conducted in English, French, or Spanish. As an
adjunct to these pregrams, the development of autotutonial tecaching units in
varnious languages 1s anticipated. Training in locations away from ICRISAT
Center will require more time from individual scientists and added expense for
facihibies and maintenance of cach trainee. However, such programs would
potentially mcrease the number of trainees who cannot be trained in an
Enghsh-language program or would be unavailable for training outside their

home countries
As more information becomes avadahle from research programs such as

useful technology for management of water and soils, short training courses
will be mountedto make national program staff in both research and extension
aware of the range of options open ta farmers for belter management of their
land. Increasingly rescarch workers from national programs will be brought in
for special courses of the type already mounted on pulse entomology in 1981
which seek 1o concentrate on specific problem arcas

Traming opportumties at the Institute are carrently limited by space, staff,
and faciiies and by the level of training requested and accepted ILis antici-
pated that up to 60 persons can be accommodated each year in 6-month
nservice training and up to 30 scicatists and students in l-year or 2-year
programs. Short, specific training programs will be mounted as and when
desirable and will accommaodate from six to about 30 persons.
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Itis estimated that 40 1o 80 of the in-service training will be financed by
national and development projects, while the student scholarships. reseaich
fellowships. and international intermships will be more depenaent on Institute
funds A reduction intraining funds would requite us toreduzethe more costly
high-level traming - interational interships, rescarch fellowships, and scho-
larships away from ICRISAT Center and opportunity for in-service tramning
and possibly curtail the number of alt applicants accepled for sponsorship by
ICRISAT at altleveds of trainmg

A W narkahons Sannars,
et conidaranoes

Since s ncepton ORSAT has sponsored and cosponsored a wide range of
workshops cotanars and conferences These have heen of several types
and all have contubated signihcantly to dissermmation of existing research
ormation and o planmng o IGRISAT'S programes of assistance toanteina-
fonal reqonal o palonal progrianis of research Conferences on sorghutn
and mullet o 1907 and aroundnat and pigeonpea 1 1980 contnibuted signifi-
cantly to formulatimg ICRISAT S strategy for crop mprovement programs and,
At the same tme enabbed atid cross program bnks *o be torged with national
DIOYEAITS and Teseato s Hoentigs treaughout the SAT and in developed
countries Detated workshops of the type held in 1975 on ergot and downy
mildew of peard et and in 1979 onsoilborne diseases of chickpea.identificd
prionty problems wilh these diseases

One of e mportant objectves of the ICRISAT workshop and symposium
program s to enable adequate state ofthe ant summaries 10 be prepared, such
as was done in the publications “Socioeconomic Constraints 10 Development
of Semi-And Tropical Agnculture™ and “Developmaent and Transfer of Tech-
nology ~ Smaller workshops, such as those on agrochmatology. and Heliothis,
an important pest of many crops. have onabled strategies and techniques (0
be cvaluated by small groups of concerned scientists and resulted in con-
certed integrated action on assembling data i the SAT.

It1s proposed to continue this strateay inthe next 10years usingaspectrum
of conferences and workshops - some catenng to small specific groups and
some to much large: groups of research workers, administrators, and polcy
makets and topresentatives of donot agencies Emphasis always will be
placed on ensunng good representation fromICRISAT s maimn client group: *he
scientists of the SAT Animportant large workshop, Sorghum in the Eighties.
was held 1o cxanne the results of a simidar broad spectrum workshop held n
the early 10705 when a broad strategy was planned. The successes and
fallures of plans charted at this conterence will be used o detenmine strategies
tor the 1980's

Specialized small workshops will be held increasingly within developing
countries A workshop on Striga was held in Upper Volta n 1981 and a further
workshop 1s likely to be held on Socioeconomic Constraints to Developmentin
West Afnca.in 1933
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Figure 4. ICRISAT's Research Organization.
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Figure 5. Research organization by programs under Director of Research.

DIRECTOR RESEARCH

(Core Research Program)

. GENETIC RESOURCES UNIT

8. BIOCHEMISTRY
& GRAIN QUALITY
9. QUARANTINE

10.

LIBRARY
& DOCUMENTATION

11.

STATISTICS

1 GDOI!?“‘!”II"
T. i [ RV 1
1. SORGHUM T
Subprograms
Subprograms 1. Breeding
1. Breeding 2. Cytogenetics
2. Patnholegy 3. Pathology/Viroloagy
2. Physiology 2. Physiclogy
<. Entomology {also serves 5. Entemology
Millet)
2. MILLETS 5. FARMILG SYSTEMS
Subprograms Subprearams
1. Breeding 1. Agrcclimatology
2. Pathology 2. Land and Water Management
3. Physiology 3. Farm Power & Equipment
4. Microbiology (also serves 4. Cropping Systems
Sorghum) 5. Environmental Physics
6. Soil Chemistry
5. PULSES
A F MOMT
Subprograms 0. _CO'.Ot.lCS
Pigeonpea Breeding 1. Production Economics
Chickpea Breeding 2. Marketing Economics

Pathology/Virology
Physiology
Entomology
Microbiology

G U s Go B -

12.

COMPUTER SERVICES

13.

FARM DEVELOPMENT
OPERATIONS




0S

Figure 6. Staff organization under Director for International Cooperation.
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Quarantine Programs mainly support the crop improvement programs; the first
two also conduct some research.

The Training Program operates under a principal training officer who reporls
to the Director for International Cooperation. This Director is also responsible
for a Visitors™ Services unit and for the organization of workshops and confer-
ences. A major responsibility of the Director for International Cooperalion is
the management of special projects and cooperative programs with other
institutes and agencies in countries outside India.

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

Administralive service divisions --Fiscal. Purchase and Supplies, Person-
nel, Physical Plant Services, Housing and Food Services, Transportation and
Security--report to the Principal Administrator and provide support to all the
programs.

5.2 Research Projects

The fundamental unit of rescarch in ICRISAT is the research project. A project
has objectives, specified mathodology. and a specitied duration and resource
requirernent (staff and material resources). One or more scientists often from
different programs may be involved in cach project, and they cooperate in an
interdisciplinary effort. Projects are formulated at the subprogram level by the
concerned scientists, keeping in view the goals of the program and the
Institute. Program leaders integrate projects into the main themes and philo-
sophy of the program. New projects are critically roviewed at the institute level
at an In-House Review. After incorporation of the suggestions and guidelines
given by the scientific faculty of the Institute. the revised projects are submitted
to the Director of Research for scruting and approval The mechanism of the
In-House Review ensures proper assignment of prionties and helps indefining
objectives, selecting methods and encouraging coordination.

The overall priority, goals, and achievements of different research programs
are reviewed and discussed by the Program Committe : of the Governing
Board This Committee is the Institute’s highest technical commitiee for
research. The recommendations of the Program Comimittee along with the
obscrvations of the Board help ac'~rmine priorities, strategies, and resource
allocation in the research programs.

5.3 Network for Core Program Research in India

For ICRISAT's core research program, the Governiment of India provided 1394
hectares at Patancheru nec: Hyderabad, Andhre Pradesh. but it was realized
thal a few stations in different environments would be essential to cffectively
select for wider adaptation, 1o screen for specific disease and pests, and to
conduct uvif-scason nurseries. With the support of the Indian Council of
Agricultural Research (ICAR). agreements were made with several universi-
ties for research facilities. We are improving physical facilities at these loca-
tions to facilitate our waork there.
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The station at Bhavanisagar {Tamil Nadu Agricultural Universily) isat!1°N
latitude and is proving extremely useful for research on sorghum and millets
hecause of its direct latitudinal correspondence with some areas in Africa. The
Groundnut Program is also using its facilities to screen for resistance to pests
and diseases

At the College of Agriculture, Dharwar (University of Agricultural Sciences,
Bangalore) at 16 N latitude we are hreeding and screening for resistance 10
downy mildew and charcoal rot of sorghum and carrying out disease tesearch
on groundnuat

At the College of Agneulture, Gwalion (INKVY, Jabalpur) at 26-°Nlatitude, the
prograin 1s mainly concentrating on breeding of fong- duration pigeonpeas
Facditios for mited mechantzation of farming have also been provided (iwal-
ot s also proving 1o be a usetul site for peart milet and cnickpea research

Hissar (Haryana Agacultural University) at 29 N D atitude s representative
of the large arcas in nonthern india growing peart nillctin kharif (ramy scason)
and chickpea i winter For millet, long days and Righ temperatures allow
offective selection for yicld and eahness. This station s also sunted for
short -duration pigeonpeas and for seieenng sorghum: against borer and
shoot fly. but strengtheming of faciltics 1s necessary 1o tak e full advantage of
this environment

For rasing an off -season nuisery of chichpea a small plece of land tabout 2
ha) has been arranged at Taparvanpura farm, 35 ki from Snnagan (33 Ny with
the assistance of the State Government of Jarmm and Kashm

In addiion 1o these iive cooperative research stations, wier have land-use
faciities avarlable at a few other university research farms for special pur-
poses such as drought stress or disease ot spots For groundnul research,
we have made aranaements with the new National Rescarch Center for

Sroundnut at Junagadh (Gujaral), which represents the black soil, groundnut-
growng arei - indie HCRISAT hopes to use this envitonmaent to evaluate
germplasm and cuttivars and to breed for disease resistance

5.4 1ORISAT Matwork in Afiica
The distinctive and vaned agrochmatic and socioeconomic environments in
Africa make t difficult to ntroduce agricultural technologies from elsewhere.
This apples particutarly to the biological and chemicalinnovations requiredto
increase crop yields Innovations developed i one atea may not be broadly
transferable due to the marked differences i ramfall, solls, and ather ecologi-
cal factors, not 1o mention the cultural diversities and local food preferences
that have produced wide vanations in the dommant and secondary food crops
of different areas

Accordmgly. ICRISAT developed a cooperative network of mterrelated pro
grams in st Aftcan corntnes (Nigena, Niger, Mali Upper Volta, Senegambia,
Sudan) and nrovides research matenal and training of staff 1o other countries

The imtial project i our Atncan program was doeveloped in West Africa
under a 3-year UNDP project that was subsequently oxtended into a second
and third phase The prime objective was strengthening existing rescarch
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pest-management program in Africa. Liscussions have also been held con-
cerning formal cooperative linkages with field projects of FAO, but nothing has
as yet developed along these lines. We do provide plant materials upon
request lo several FAO field projeclts.

6. Resouices
6.1 Staffing Guidelines at ICRISAT Center

Staifing at ICRISAT Center recognizes the globalrelevance of itsresearch and
training activitics.

Each program al ICRISAT Center is headed by a program leader with a
principal scientist in charge of cach subprogram. The sorghum and millet
breeding programs with their global reach cach have an additional principal
plant breeder to strengthen the research efforts.

Every principal scientist works with one to three scientists trained in different
aspectu of the scientific discipline covered by the subprogram and recruited
nationally. These are well-trained scientists who generally have PhD.
degrees. After a fow years at ICRISAT many of them find international level
positions within the IARCs or other international agencies. Every scientist is
nrovided one to three scientific support staff members (Research Technician,
Technical Assistants, Field Asistants, or Laboralory Assistants) and each
subprogram has the services of clerical staff.

The crop improvement programs and the farming systems program each
have about 10 to 50 reqular 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 traning program follows the same general pattern asis found
in the rescarch programs. The Principal Training Officer is supported by three
training othicers and ten support staff, with a higher proportion of clerical and
secretarial stalf and lewer proportion of technical staff than the research
programs

Research and administrative support programs and divisions are headed by
principal staft or senior nationally-recruited professionals. They are provided
with the requisite supervisory and non-supervisory staff.

6.2 Staffing Guidelines in the Cooperative Program

The staffing patterns for ICRISAT Center are neither possible nor necessary
for ICRISAT's Cooperative Programs In each regional crop improvement
team there s a principal breeder and, if funds permit. a pathologist ai <
agronomist/ physiologist. A smaher number of entomologists, generally con-
centrating where possible on a single crop. serve several regional teams
Other principal scientists are added according to specific needs

In the farming systems team at the ICRISAT Sahelian Cenler we will have a
soil and water engincer, soil scientist, agronomist, economist, and an
agroclimatologist.



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

The stalfing requirements for 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 nurnber of
principal support staff providing technical, administralive, and field assistance.

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

6.3 Non-Salary Costs
Over the last few years the ratio of salary (total emoluments) to non-salary
costs has increased and 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
inflatior in salaries and wages. leaving less money for other operational costs.
Also expanding operations in Africa has introduced a much larger emolument
bill for post allowances, housing costs, etc., and higher costs for technical,
administrative, and field staff.

Our ability to conduct the work of ICRISAT well, to take advantage of
opportunities, 1o explore new ideas, to respond to our clients' needs ire
critically dependent upon our retaining adequate non-salary funds.

We must. therefore. maintain a favorable ratio of salary to non-salary cosis,
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 lo 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.

L Dopial Boanirements

Major capital construction at ICRISAT Center will cease with the completion of
our Phase Il building program in 1982. Future capital requirements will be
concentrated on greenhouses and screenhouses or equipment replacement.
In accordance with CG requirements equipment replacement will appear in
the operational pudget A substantial capita: investment will be required to
develop the ICRISAT Sahelian Center. The land allocated by the Government
of Niger 1s 45 km from Niamey. on an unpaved road, withoul power, lele-
phones, developed water resources, or other utilities. Although the buildings
planned are modest, construction costs will be much higher than in India.
ICRISAT will seck construction funds from donors other than the CGIAR.
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Table 9.Cantinued

Proposed
Actual Curr, Est. Budget Projections
1981 1982 1983 1984 1985 1986
2. INTERNATIONAL COOPERATION
ACTIVITIES
Office of Dis. (Intl. Coop) 173 186 202 3056 313 327
Training & Fellowships 508 330 414 430 431 433
Conferences & Symposio 150 104 195 195 195 195
Total 831 620 811 9.0 939 955
3. ADMINISTRATIVE SUPPORT
A, General Adnimistotion 1,169 1,123 1,190 1,287 1,347 1,399
b, General Operations,
including contingency 2,009 3,217 3,009 3,222 3,601 3,741
Total 4,168 4,340 4,199 4,509 4,848 5,140
Grand Total - Cose Budge! 12,014 12,062 12,873 14,795 16,084 16,884

Teble 10, Principal research positions for core tosearch and cooperative
programs 10 19871 and projects for 1984,

_JCRISAT Centen

CooperativePrograms

Program 1981 984 1981 1982
Farmimg Systems Y 8 5 8
Sorghum 5 b 8 10
Millest 5 5 7 10
Pulses 6 6 2 2
Groundnut 5 6 . 4
Economics 3 2 3 3
Genetic Resources 2 2 . .
Biochenmistry 1 1 - .
Total 34 36 25 37

Nate: Cooperative Programs include some positions funded by special

projects.
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Table 11, Requitements for capital funds 1981-86 {In US $7000)

Actual  Curr, Yr Budget Projections

1981 1982 7 1983 1984 1985 1986

1, Land & Improvements 52 16 29 260 116 125
2. Bldgs & Site tneprovements 863 1,145 K02 271 326 179
3. Equipent 106 325 220 316 681 860
4, Consulting Services &
Others 143 101 H0 - - -

5. West Afrirca Capatal 232 250 580 660 960 720
6. Contingenaies - 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.

Conclusion

Ten years after the founding of ICRISAT, we feel that we are weli onthe
way toward carrying out the mandate given to us by the Consultative
Group in 1972 Our research programs are well established—in the
Indian subcontinert, where we started and have made substantial pro-
gress; in Africa, whera we are developing improved cereals that will grow
under the harsh environmental conditions of the drought-prone Sahel
and where we will increasingly focus attention on problems in castern
and southern Africa aswell;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 incerporated the positive trails into new
crop lines that are now beginningtoreach farmers fields. The gene bank
that we have established at ICRISAT Center serves breeders throughout
the world.

We realize that this is only the start toward meeting the chalienge. 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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lhe conventional sense in the semi-arid tropics--primarily 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 if itis
impiemented and supported by national yovernments. We can only
catalyze technological change through the national scientists and
organizalions that must bring about whatever transformation is to take
place in SAT agricutture.

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