RP 02743
Revised Draft

ICRISAT in the Eighties
A 10-Year Plan

July 1981

J

ICRISAT

Internstional Crops Research Institute for the Semi-Arid Tropies
ICRISAT Patancheru P.O..
Andhrs Pradesh 502 324, India



Contents

BACKGROUND, !

1.1 The Mandate of ICRISAT, |
1.2 The Basis for the Mandate, 2

ICRISAT's 10-YEAR PRIORITIES AND GOALS, 5

2.1 The Target Groups, 5

2.2 The Client Groups, 5

2.3 Geographic Areas of Concentration, 7
2.4 Priorities among Programs, 9

RESEARCH PRIORITIES FOR THE EICHTIES, 9

3.1 Crop Improvement Strategies, 9
3.2 Crop Improvement Priorities, 10

Sorghum. 10

Pear]l Millet, 16
Pulses, 23
Groundnut, 29
Genetic Resources, 35

3.3 Resource Management Research, 37

Farming Systems, 37
Economics, 42

TRANSFER OF INFORMATION AND TECHNOLOGY, 47

4.1 Training, 48
4.2 Workshops, Seminars, and Conferences, 50
4.3 Information and Library Services, 51

ORGANIZATION AND COOPERATION, 51

5.1 Organization at [CRISAT Center, 51

5.2 Research Projects, 52

5.3 Network for Core Program Research in India, 53
5.4 ICRISAT Network in Africa, 54

5.5 Cooperative Linkages, 56

RESOURCES, 58

6.1 Staffing Guidelines at ICRISAT Center, 58

6.2 Staffing Guidelines in the Cooperative Program, 59

6.3 Non-Salary Costs, 59

6.4 Capital Requirements, 60

6.5 Resource Requirements over the First 5-Year Period. 60

CONCTUSION, 61



ICRISAT IN THE EIGHTIES: A 10-Year Plan

1. Background

The Insernational Crops Research Institute for the Semi-Arid Tropics (ICRISAT) was created by the Consultative
Group on International Agricultural Rescarch (CGIAR) 1n 1972 0n the r dation of its Tachnical Advisory

Committes. [t was the first new research center established by this informal istion of gover and
foundations brought together in 1971 by the World Bank. FAQ. and UNDP to increase food supplies in developing

oountries.

1.1 The Mandate

ICRISAT was given an initis! mandate to improve four crops vital to life in the semi-arid iropics (SAT): sorghum,

willet, chickpes, and pigeonpea. A fifth crop, groundnut, was added 10 the mandate in 1974,

The mandate of ICRISAT is to:
1. Serveasa world center for the improvement of gran yreld and quality of sorghum, millets, chickpea, pigeonpea,

and groundnut and to act as a world repository for the genetic resources of these crops.

2. Develop improved farming systems that will help to incresse snd stabilize agricultural production through more

offoctive use of natural and human resources in the seasonally dry semi-arid tropics.

3. Identify constraints to agricultural development in the semi~-arid tropics and evaluate means of alleviating them

through technological and institutional changes.

4. Assist in the development snd transfer of technology to the farmer through cooperation with national and
regional rosearch progr and by p ing workshops and conferences, operating training programs, and

I |

assleling extension activities with the object of ensuring that proven beneficial new technology and P
by ICRISAT are adopted at the farm level as quickly as possible.

1.2 The Basis for the Mandate

a  The Semi-Arid Tropics (SAT})
Based on Troll's classification, the semi-arid tropics are areas where monthly ruinfall exceeds potential
evapotranspiration for 2 1o 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 414 to 7 wet months are called wet—dry semi-arid tropics.
The semi-arid tropics comprise all or part of 49 countries on five continents (Fig. 1). The total sarea is around 19.6
million km?, supporting & population of more than 700 million pecple. Of the 49 countries, all but Australia are
classified o less developed.

The Indian subcontinent has the largest sem:i-arid tropical area of any of these developing countries—shout
10% of the total SAT. But on s regional basis, the largeat geographical arsas lie in West Africa (24%), East Africa
(22%). Southern Africa (20%), and Latin America (19%). India haa by far the largest total population in the SAT,
more than 400 million people or 55% of the total. Next are the countries of West Africa (13%), Latin America
(11%), Southern Africa (5%), other Asian countries (8%), and East Africa (8%).

b. The Mandate Crops

Sorghum and pear] millet are the fourth and fifth most important cereals of the world. Together they rank second to

d area in devel

rice in ping countries. Generally, they are the ceresls of the poorest countries and the
poorest peaple in those countries. In assessing priorities in 1975 the Techmical Advisory Committes of the CGIAR
(TAC) drew attention to the fact that cereals contribute some 70% of overall energy supplies in human diets in
developing countries. Sorghum and millets, among cereals, rank first in calorie intake in Africa, and third in Asia
and the Middle Esst. Among the millets, pearl millet 1s the mest important in the SAT and thus requires msjor
sttention. The minor millets such as foxtail millet (Setaria walica) and finger millet (Eleusine coracana) are important

regionally in some SAT situations.

Recent reports predict substuntisl deficits in cereals in the developing world by 1990. The International Food
Policy Research Institute(IFPRI) estimates India will then have a 20 million tonne shortage of cereals if present
trends of production, population growth, and demand for food continue. The African SAT countries, where food
production per capits is declining, will have per capita deficits nearly ten times as great as India. The annual rateof
growth of sorghum and millet production in developing countries has been only 1.8% and 1.2% per year.
respectively, whereas the demand has increased by more than 2.5% annually. .

The demand for these cereals is slso increasing in the developed countries where they are used for animal feed.

1

Serghum, particularly, is becoming an important export item snd sarner of foreign exchange for the developing

countrios and source of cash for producers.

These factors make it imperative 10 greatly increase present production.



Figure 1. The semi-arid tropics (shown in black).




Chickpea and pigeonpea are the most important pulse crops of the developing world and of the sems-and
tropics. mainly becsuse thes are first and second in smportance sn India, which produces 95% of the pigeonpeas and

80% of the chickpeas.

Pigeonpeas are grown throughout the SAT. particularhy in Esat Africa, m Central America, and wherever
people of Indian origin have settled around the world Fortv-mne countrios carrently exchange pigeonpea
germplasm with ICRISAT. Chickpea 1 an important crop throughout West Ama, around the Mediterranean Sea, and
in parts of East Africa and Latin America. A growing market i the United States for chickpea 1 supphied principaily

from the semi-arid regicns of Mexico.

Groundnut 15 the most important oilseed crop of the semi-anid tropics. Areas in excess of 100,000 ha are
planted to groundnuts in 24 countries, 95% of which are less developed countries. As a combined oilseed and food
crop, groundnut ranks second only 10 soybeans, and i w the most important oilseed 1n the developing world. In

1979/80 India alone spent approximately U'S $800 million an the import of vegetable oils.

c. Technological and Socioeconomic Constraints in Rainfed Agriculture

Traditional agricultural systems in rainfed SAT areas have evolved ever a long period 10 provide an adsquate and
secure harvest for farming families, gaiven the environment The technology s based on the use of traditional tools
and both human and animsl labor, as available. Present syatems are not designed to give mgh economie returna snd

are subject to technological and socioeconomsc constraints that hmit food production potential.

Our research shows that because of the largely undependable distribution of rainfall, diversified cropping is the
rule, the ecological balance is precarious, livestock/cropping interactions are significant and complex, and
infrastructural facilities have a considersble influence on decisions made by farming families. The vast majority of
farmers in the SAT are of limited means and can ill affdord the cost of technological mistakes. Any technology optiona

that involve greater-than-average risks must have large economic rewards to make them attractive to farmers. Our

1 t
-

mandate requires research on the tech and soci ic aspects of the farming «vsteme within whi .

fsrmers must operate, and only within which crop praduction can be increased through the transfer of technology .

Agricultural research in the developing countries of the SAT has generally been aimed at increasing production
in irrigated and/or dependable rainfall areas. In recent years, there has been increasing concern about ranfed
agriculture in less dependable ranfall areas. The gap between the income of people in irrigated areas and rainfed
regions has been growing. Moreover. governments have realized that the potential of the semi-arid tropics to

produce food far exceeds present production levele The potential for modern agriculture does exist.



d. The Transfer of Technology

A limiting factor in the process of the

ion of research findings to client groups iy the lack of scaentifically

trained manpower in many SAT national ressarch and development programs. The relatively few acientists and
skilled agricultural stafl slrasdy at work are restricted in their uceess to new technology. literature, and germplasm.
There is & need to reduce their isolation and increase their perspactives and their knawledge of methodologres.
including the selection of cultivars for adoption on-farm. This can be done through training and conferences and by

sxpanding our outreach programs.

2. ICRISAT’s 10-Year Priorities and Goals

2.1 The Target Groups

Qver thenext 10 years ICRISAT s priority target group will continue to be the small farmer of limited means farming
his land with few inputs and without the benefit of regular irrigation, but with the help of his family and some

landless labor. We include all these dependents, plus other villagers who supply the farmer with gouds and services

and receive food and payment from him in return, within the primary target group.

In the rainfed semi-arid tropics virtually all farmers are small farmers in the sense described above. ICRISAT
serves the small farmer best by devising means to increase the productivity and stability of his major food staples and
improve the efficiency of his use of water, capital, and other scarce resources. His staple foad crops must be of good
quality, be reaistant to major diseases snd pests, tolerant to the common stresses of the SAT, responsive to inputs

snd good menagement but capable also of pving fair yields under low inputs and poor management,

While the small fsrmer and his dependents are our primary targst, they are not ouy sole target group. The
CGIAR has endorsed TAC's first priority ;bjoctin.of ensuring adequate food supplies iy the developing worla
ICRISAT thus must be sbls to provide bresding materials and suitable cultivars of its mandate craps for ali who
ondegvar 1o fulfl)] this basic objective. Similarly, whils our crop improvement mandsje is focused upon the
sowi-orid troplos, it is not restricted to the SAT. Producers of our mandate crops may benefit from our research.
wharever (hese crops are grown.

83 The Client Groups

ICRISAT s immediste clionts, the direct users of our cutputs, are mainly the national scieptists in SAT countries
snd, (0 o losser extont, their extension and sction sgency counterparts.



a.  National Scientists

National scientists are responsible for producing improved cultivars and new technologies for the farmers of ther
countries: ICRISAT undertakes research that contributes and complements their efforts. Our workshops and
conferences are designed to abtain their inputs to our research planning. Research scientists and thewe techmeins,
particularly from Africa. comprise most of our trianees. e cooperative programs are aimed at strengthening thewr

research imstitutions,

We emphasize what they caunot or do not do. We introduce genetie diveraty by bringang together at one place s
substantial germplasm collection, including most of thr natural landraces that are available, and incorporating this
genenic diversity into the breeding materials we make freelv availahle to national srientits We test advanced
materials over our mternational network of multilocanenal tralx. The internationsl networks for mullet und

sarghum are particularly well-developed.

As an international mstitution, we are able 10 sxplore more thoroughly new techniques of plant breeding, or old

techniques 1n new contexts.

Because of our focus on the small farmer we emphasize in our research resistance to diseases and pests and
major stress factors such as low {ertility and drought. We ure able 1o pursue difficult problems with great
concentration and with sufficient resources. For example, ICRISAT 18 trysng to introdure reaistance to shoot flyin
sorghum, ergot in pearl millet, Heliothis in pigeonpea, Ascachyta bhght  chackpea, and Cercaspora teaf spots in
groundnut. Tolerance 1o drought is & priority ebjective in our research on sorghum, miflet, and groundnut, We give

highest priority to problems common throughout the SAT, leaving more apecific problems to the national scientists.

We utilize a multidisciplinary team approach and extend it to econnmir and anthropological as well as biological

and physical research. It helps us maintain focus an the problems of small farmers.

b.  National Research Programs and Institutions
In India, the scientists in our client group work mamnly in the state agricultural uniser-itres . nat nds

coordinated programs. We will continue to assist in strengthening these nstitutions.

We have established coaperative sgreements in crop improvement research with universitses in Tamil Nadu,
Karnataka, Madhya Pradesh, and Haryans. Our on-farm research is being conducted in cooperation with two

agriculturs! universities in the state of Maharashtra and one esch in Andhra Pradesh, Gujarat, and Madhya Pradesh.

In Nigeria ICRISAT cooperates with the well-equipped Institute of Agricultural Ressarch at Ahmadu Bello

University. [n other African countries where we have cooperstive programs. *he national scientists work in



government research agencies. Where these agencies are short of facilities or land suitable for research, ICRISAT
has built factlities and developed research farms Some ICRISAT scientists have been stationed in those sgencies
largely 10 serve the national research effurts. These aspects of aur work are likely to diminish over the next 10 vears

as others assume the role of institution building and national scientiats are truined and appoimted.

c. Extension and Action Agencier

In Africa, much more than in India, we will produce finiched varieties of surghum and mitlet. Most countries south
of the Sahara do not vet have sufficient numbers of trained personnel ta develop extensive networks of research. and
for a few more years, ICRISAT scienuists emploved through caoperative programs must function partly es national
scientists in these countries. The varieties and improved practices they require are taken by extension agencies and

tested on farmers’ fields. We assist in establishing and evaluating the trials.

Our farming systems research has substantial demunstration value improved technology for desp Vertisols in
the wet-dry semi-arid tropics of [ndia has reached the stage where it must be tested on-farm and in pilot projects.
ICRISAT will advise extension and action agencies which wish 10 use this technology. For example, the State
Department of Agriculture of Andhra Pradesh has undertaken a cooperaive project with ICRISAT to implement
this technology 1o one viliage :n Medak District, in which ICRISAT Center 1s also located. Training s being given to
the state agricultural officers through this project sa that thev may then implement the technology more widely

through the state.

The ICRISAT Governing Board has established a Transfer of Technology Commtter to determine which

research results are appropriately transferred through extension and action agencies.

2.3 Geographic Areas of Concentration

Of the two major divinio;n 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 444 wet months in the year. However, some work on sorghum and
the leguminous crops will be done to directly benefit the wet-dry region. We hope also 10 improve our cooperative

relations with other research agencies working particularly for this region.

ICRISAT Center is within the dry semi~arid tropics. The research work at the Center. however. is designed to
serve the entire geographic region of ICRISAT s mandate. To ensure that ICRISAT materials and concepts can be
developed simultaneously to the benefit of the entire region. without the necessity of mesting intercountrs
quarantine restrictions, the Government of Indis agreed to asuist JCRISAT in establishing cooperative agreements
with four agricultural universities to provide us with experimental locations on a north-south axis throughout

[/ "a The loe tis o are in the st tes of Haryana Madhva Pradesh, Karn t ka, 1d Tamil Nadu



Over the next 10 vears ICRISAT will devedop a larger regional program. The more mature IARCx have already
reached this stage as 1 well-documentad in the TAC Stripe Review of Off-Campus Aetivities (1980), Regional
groumings of participant counines have been developed for each crop, and prionities of and for earh region have bern
established by consultation with national scientists and by statistical and program analvaes wathin [CRISAT. All
regional programs will be developed with the gurdance and cooperation of relevant national istitutions and
programs. South Asia will be the first priority repon fur sorghum. pugeonpea, chickpea., and grounidnut. Subregions
within this region have also been identified. The rogion will be served by JCRISAT Center and the cooperative

research stations within India (particularly at Hissar and Gwalior).

ICRISAT is concerned about declining foed production in W est Africa and intends to make a serious attempt to
introduce new plant materials and technologies that can be used to arrest this trend. West Africa will be the first
prionty region for pear| millet and a high prionty region alvo tor sorghum, groundnuts, and associated {arming
systems and economics programs. It will be served from ICRISAT s Sahelian Center in Niger and other regional

locations i Upper Volia and Nigeria

Eastern and southern Africs will have next clam upon our attention. [CRISAT crops are, or have been
important food crops in these regions, and there is clear recognition that maize production has been extended
bevond the crop's agrochmatic limits. Sorghum and millets can offer safer and culturally scceptable alternatives if
modern input-responsive cultivars can be made available. The Heads of State of nine Southern African countries
have asked ICRISAT to estabhish a regional center and we hope 10 reapond sperifically i relation to sorghum, pear!
millet, groundnut. and dryland farming systems. Eastern Africa will be & prionity region also for pigeonpen and to a

lesser extent chickpea.

West Asia and the Medsterranean are important chickpea-producing areas. ICRISAT is serving this region

directly by stationing its scientists at [CARDA in a cooperative research program.

ICRISAT crops are important also in Latin America. Sorghum has potential as a fund crop for small farmers in
Mexico and Central America, where pigeonpea is also important. Sorghum and millet have considerable
potential  for feedgrains and forages throughout the regon. ICRISAT will <erve areas mainiv through
cooperative agreements with LS. universities, but sume direct input from [CRISAT Center willbn necessary Pulee
vields in particular must be substantially impraved 1o reach production technology levels relevant to South

American economic conditions.

The region of Southeast Asia and the Pacific 11 important for sorghum. groundnut. and pigeonpea. 1t wiil be

served mainly from ICRISAT Center and through cooperative agreements with such other agencies as the



ESCAP/FAQ Center for Coarse Grains, Pulses, Root Crops, and Tubers in Indonesia, and the University of

Queensland. Australu.

2.4 Priorities among Programs

After 10 vears of growth the priorities among programe arc well established and can be judged from current budget
presentations. The global sorghum improvement program s and will continue to be the largest in tunds and numbery
of principal stafl. Pear! miliet and groundnut have programs of about equal uze, and the progeams in pigeenpes and

chickpea. which are combined into & mingle Pulse Improvement Program, are somewhat smaller

The Farming Systems Research Program s larger than the sorghum program, hut this relation mav change over
the next 10 vears. The program 1n Economics ix about the same size as the program fur each pulse crap Tt xa large
program in social sciences by IARC standards made necessary by the manv econamic and soctal ronstrmnts uffecting

small {armers in rainfed agriculture.

Traiming at ICRISAT 18 aven substantial impartanee, particularly because of the dearth in teained people sn the
semi-arid tropics outside of India, and because the trans(er of farming aystems technalogy, which has high site

{actor and complexity constraints, requires intimate knowledge of all aspeeta of all the practices involved

Genetic Resources requires substantial input because of the several crops for which [CRISAT acts ax the

primary coilector and repostory.

The order of priorities are in general agreement with priorities arcepted by the CGIAR in it review of the TAL
Paper on Prionities (1980) and will be maintained over the next 10 years. Forward projections {or all programs
assume hmited growth mainly through increases in core program resources. A separate <ection 1o esch program

narrative discusses changesn priorities under other growth assumptions,

3. Research Priorities for the Eighties

3.1 Crop mmprovement Strategies

Our crops are often subsistence crops and are frequently grown by small farmer< with few inputs under ranfed

conditions. The risks involved in making monetary inputs for fertlizer and pesticide will be high under these

diti

In these cir the small farmer needs stable, resistant or tolerant cultivars with vields
consistently higher than traditional varieties and responsive to whatever improvs | levels of managem«1t he can

provide.
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One of the serious limitations to increasing yield potential under the harsh environments of the SAT has been
the narrow germplasm base. Varubility will be increased by introducing additional germplasm resources and

breeding stocks from other areas.

[CRISAT. at least until 1980 when funds became limiting, was able 10 operate on a large scale 1o explore the
germplasm (n depth, 10 screen the large number of linex necessary 1o Jocate useful chararteristics and superior
varisties, and to develop simple sereening techmgues. W e are able to run multilocationat 171805 an annternational

basis to test both resistarices and more finished cultivars,

We reahize that outputs of breeding material must be selrcted a0 as to be eamly ncorporated mto national

breeding programs and vet contain sufficient variability to allow adaptation to local sttuations

We will emphasize disease and pest resistance and stress tolerance, and ensure that these factors are durable
and that yield potential is retained. This involves developing screening techniques for their identification, locating
broadiy-based genetic resistance and tolerances, incorporating them o elite breeding matenal, and screening

such material in many situations, including contrasting levels of farming.

Improving quahity of the mandate crops 1 a major goal of ICRISAT. Emphasis in earher years has been on
nutritional quahty. This work will continue but emphusis will include consumer preferences particularly of eating
and cooking quality. It will be undertaken jointly by the Crop Improvement Programs and the Biochemstry

Duvision.

Many of the materials and techniques developed at ICRISAT will be useful to national research nystems but will
require local adaptation if they are to become locally effective. ICRISAT will have to respond increasingly to this
need through training and cooperative research programs. ICRISAT scientists at regional stations can make a direct
inpul into nationsl research programs by way of providing varietal material, participating 1n evaluation. and
providing some service activities such as regional crossing programs. Likewise, we may have to cooperate with tne
agronomic research programs to exploit the potential of currently available and new cultivars, and cropping system

and crop management technologies.

3.2 Crop Improvement Priorities

Sorghum
The average vields of sorghum (Sorghum bicolor {L.] Moench) in the SAT are only 800 kg/ha: they are around 3400
kg/ha in non-SAT market economies.



ICRISAT s Sorghum Improvement Program began in 1973 with a strong input into papulation improvement,
lerived lines now contribute 10 national breeding programs around the world. as do varieties developed in the grain

mold resistance /food quality program. which was started a hitle later.

Instiatly a major effort was made to develop resistance 10 shoot flv. Much has been learned ahout the insect and
is ecology: a useful sereening procedure has been developed, and several traits contributing to resistance have been
wentified. Varieties are now available in reasonable agronomic background with increased levels of resistance. Stem
borer 18 of major importance: rearing and infesting techniques are now available, and sources of resistance are being

identified. An effort s being made to improve our gapahihity 10 screen for midge and headbugs.

A useful consistent procedure to screan {or grain mold has bean developed, and virtually all of our breeding
projects have material in this program Procedures 1o screen fur remstance 10 downy mildew and charcoal rot are

being developed, and & screening program for remstance 1o anthracnose and other leaf diseases has begun.

It has been difficult to develop reliable srreenir;li techniques for Striga remstance. The main effort has been
shifted to West Africa where this is & major limiting pest. Progreda has bren made, both in developing screening

procedures and in learning more about pest-management techniques.

Progress has been made recently to screen for aspecis of drought and heat tolerance and stand establishment.
Senerally breeders have developed carly drought-escaping varicties: we can now evaluate other mechanisms leading

to resistance.

In breeding for hgh lysine and better food quality grain, we used two sources of high lysme: one, &
shrunken-aeeded type from Ethiopia and another, an opaque from Purdue Uriversity. There hax heen a problem
developing high lysine varicties with acceptable normal grsin. It is now clear, as with opaque-2 maize, that the
solution to this problem will require a substantial investment in research. A team of scientists has been involved
with this and related probiems at Purdue University for many years: we are lisising closely with the [ miveraits Tor
maintain focus on yield and stability with good quality of grain, ICRISAT has shifted emphasis to determine food
quality preferred by consumers in Asia. Africa, and Latin America. We have made considerable progress in this

direction.

riority Regions

With substantial input from sorghum breeders throughout the world, and particularly from within the semi-arid

tropics. we have identified functional hic regions, zones of ation, and priority problems for sorghum
geographic reg

mprovement. Geograpbic functional regions are dreas of such a size that coordination of research is recommended.



Thev are listed in Table 1. with overall importance being placed on the Indian subcontinent, western Africa ., sastern
Africa, southern Alrica, Ceniral Amenica, and Mexico. This is also the approximate demarcation between SAT and
non-SAT zones and food and feed zones While the SAT zone produces sorghum primaraly for human consumption,
the non-SAT zone {except China) produces it mosthy for amimal feed. There are noticeable irends of increase in
demand from some areas (Latin America, East Africal for sorghum ax direct human {ood, particularly in areas that

are margnal for the production of maize.

Zones of adaptation have heen identified within geographic lunctional regrons. They are defined roughls by
rmnfall and length of rainy season (low. intermediate, hight, latitude (temperate, tropical). and elevation (low,
intermediate, high). Movement of sorghum within similar zones of adaptation, within ar arrass geographic
functional regions 15 expected ta result in umilar crop performance, 1. good correnpondence. However,
correspandence wouid not be expected 1o be as good between different zones of adaptation. The core program rannot
respond to the probiems of all these areas but will address itself to the major problems of the Priority 1 reprons and
will interact with the other regions. Some agencies with which coaperative activities are already taking place or
could vecur are listed in Table 1. Correspondence of matersal develuped at ICRISAT haw been best 1 the
intermediate elevation areas of East Afnica, in lower elevation areas of Uentral America, and the low and
intermediate rainfafl areas of West Africa. It has not been so good m high rainfall areas of West Africa or high
elevatiun areas of East Africa (Ethiopia) and Central America. [CRISAT materials bave begun to contribute in the

Far East (China). but selection for adaptatien 1 needed

Research Priorities, Sirategies, and Goals

Research priorities have beeri identified for the various zones of adaptanion for each geographie functional region
and are shown in Table 2. The following problems will be addressed:

1. Breeding varieties and hybrids with good levels of yield and stability. The majur thrust of our research i to assist
poor farmers in areas of limited rainfall, but & significant effort will also be made for situations of adequate moisture

where high yields justifying inputs is possible.

4.
q

2. Improving g systems for te and limited moisture situations and evaluation of phenotypes in

intercropping.

3. Developing techniques for identifying source materisl and incorporating resistance traits into agronomically
elite lines for moisture, temperature and nutrient stress, grain molds, charcoal rot, downy mildew , laaf diseases,

stem borers, midge. shoot fly, head bugs, and Striga.



13

region and

Briprat, !

Geographtc Functional Region

e e e

e

rone of sdeptstion

Tabie 2 D

M-I TR TE T 71
st . . i
54 fin i H
[ r i
-+
_ -1 iRl
T ‘V‘ta, Ty \bl.il.wu ‘k‘muﬂ_
By sl R
e e ey £ e -
R (=TS &G
§ TSN T sy
O3y usagsEy %
~
o a3 meF
- [
b4
&
. - e = AL = -
EIAARE PR LY ) 1 BsULFY o
- R
- TSR Y TR, iy aaisg
fae o sy asen TiFuieg w7
- USSR O
} H
SRS NSUISIRE | - -
n R B Y T I T
uppul §litiuiy w5
SESPOUEUR

i
i o
i £
' "
a
i <
! - s
. . H ; g
» N - a
-4 2 ¢ vy ! - 2 ®
ol -2 1 = & H . - & -
T < E- H EIR - osmmel -
[ -2 =i 328 % ~E% e . T228%s5 3 &
T t 8 Tin_ a~2T xi " 3 fFszazce? 3 2
a L ow.tEoe_a.o g gaix PRI -
a2 s 52 H 2 8'3 2 v = 2 s - « - =
2 g Erl2 % s 2 ® e 2T eld@ e O » n b 8w 2w 3
- -~ & 0V V[0 3 E W O tES2grgizsm Loy £ % o @ 3 ulw v
IR R S RN R R I B R R AN 1
mw.Sln.HA.M.DSCP_MSHMSAGQI.GCG nLMZV.m.MSBM
&g £ “E & 8 P

4

The height of the black box i3 proportionsa) to the priority placed on & trial in a oarticular



14

Table 1. Geographical regions including area under sorghum and yield.

Area
{Millions
ha)

Functional region

PRIORITY 1

Indian subcontinent 16.6

West Africa, low to 13.4
intermediate rainfall areas
(Nigeria, Senegal, Sudan,

Mali, Upper Volta)

West Africa, high rainfall 22.9

areas

Eastern Africa and Yemen 6.2
(Ethiopia, Kenya, Tanzania,

Yemen, etc.)

Southern Africe
(Zimbabwe, Mozambigue,
Malawi, Botswana, etc.)

Central America and Mexico 1.9

(Mexico, El Salvador,

Gautemala, Honduras, etc.)
PRIORITY 2

Tropical South America

Far East

South East Asia

Mediterranean - USSR

Contributing Regions

Temperate America

7.9
Oceania (Primarily Australia) 0.4

Average
yield
(kg/ha)

956

758

1655

2171

1043
1183

2508
1812

Relevant
major
ceollaborators

ICAR and agricultural
universitics.

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

Developing research programs
by SAFGRAD, CILSS, Institut
du Sahel.

INTSORMIL and national
programs

INTSORMIL and national
programs

National
programs

Source: Adapted from FAO Production Year Book, vol.32, 1178,




4 Perfecung techniques to evaluate basic food preparations, and learning more about factors contributing to

quality. Breeding <tocks will be evaluated for food traits.

3. The program will be dvnamic and interdisciplinary. It will draw upon and coniribute to the advances being made
under the L SA Titde X11 project., the All India Coardinated Serghum Improvement Project, and natinnal programs

ot other countries.

Likely Achievements

l. improvement and stabilization of sereening procedures for priory traits of economie concern Sereeming for
wome grain molds 1 now satisfactory and procedures are being developed for others. sereeriing tor shoot 1y has wiso
been developed but new traits, contributing to resstance, will be svailable soon Proceduses for sereening for
resistance to stem borer, midge, charcoal rot, and leal diseases should becume sable and satisfactary. The situation
with Straga, and with birds 1n rastern and southern Africa. 1s mote questionable, We sxpect to xee an increamng

nput to evaluate sorghum for food in different parts of 1he warld.

2 Identification of source material and incorporation of priority traits into elite varietal material. This process has
begun, particularly with reference to resistance 10 gramn mold and improving fnod qualiny. W e expect that we will
develop during this period agronomically good linex carreing resistanee to variaus diseases and pests bur will atitl

need further input to develop lines with combinations of these trats,

3. Udentification of useful hvbrids, synthetics. and varirties {or selected areas and benter knowledge of crop
management. We think that, as in India, the hybrids would start becoming prominent in Senegal, Mali, Sudan,
Ethiopia, Nigeria, and Tanzania by 1985 and synthetics and improved vaneties in many rountries in the latter part of

the decade. -

Funding Implications

If funding smproves, as seems likely, we will develop an international network of activity including «ientiste in
several geographic functional regions. We will also increase input into cytoplasmic factors related particularly to
male sterility and the question of genetic vulnerability and into apomixis as 1t relates 1o vegetative prodl;mon
through seed of F1 hybrids. We will try to capitalize on nitrogen fixanion activity in sorghum and, of the situation

Justifies. we will increase our input into breeding for high nutritional qualuty of the grain.

If funds decline we will reduce input on Strige in [ndia as well as Center activity for some leal diseases. A
decreased input in breeding at ICRISAT Center is possible if this activity 1n strengthened in ofher geographical
regions through core or special project funds.



16

Linkages with Other Institutions
There 1s growing cooperation between the sorghum improvement programs of [CRISAT and INTSORMIL. During
the 1980s this cooperatian should considerably strengthen, particularly in Central and South Amerwes and parts of

Mrica. There 1s & cooperative program for entomology with the Commanwealth Oversess Prst Research

Orgamization. and the Max Planck Institute  Additianal hinkages are indicated in Table 1 covperation with

SAFGRAD. particular!y. 1« developing t this hme

Pearl Millet

Of the several millets, Pear) millet (Penmsetum americanum [L.] Lecke) 1n the staple cereal best suited to the harsh
climate of the hot, drought-prone, dry semi-arid regions of Africa and the Indian subcontinent [t i the anly millet
that [CRISAT will include in 1ts crop improvement program to any significant extent in the next 10 vears, Though
the farmers’ average yields are 500 to 600 kg/ha over the 26 million ha grown, our researches have shown that these

vields can be increased three to five times with moderate inputs.

In the last 8 years ICRISAT scientists have developed a deeper understanding of the problems of substantially

mmproving pearl millet yield and have developed techniques of managing same important yield-reducing fattors.
The most significant achievements have been-

o Generating a broad base of diverse breeding material that combines high yield potential and remstance to

downy mildew and ergot. and distributing it extensively to the national programs. particularly in indw.

# Producing open-polhinated varieties that are less susceptible to downy mildew and ergot: these have
been produced by using recurrent selection from populations that have given over %0% of the yield of

commerical hybrids.

o Developing and transferring to national programs large-scale field screening techmques for relrabh

selecting resistances to downy milew and ergot and distributing remstant material

o Showing that at low to medium yield levels, grain protein content can be smproved without impairing

selection for increased yield,
& Showing that rhizosphere nitrogen fixation can be important in pearl millet,

o Developing and utilizing international cooperative networks to test the stability of disease resistance and

the adaptability of breeding products.



o Developing some understanding of tolgrance to environmental stresses, such as drought, and testing

methods for breeding for such situations.
Priority Regions

All four geographic areas of pear| millet production (Table 3) are in develuping countries and therefure of conerrn,
Two areas compriming Zones [ and [1] may be identified as high prionty (Fige.2, 3). Indeed. within Zone |, several
sanehan countries—Senegal, Mauritamis, Mali, and Niger—with 2 total millet area of 4 miluon na, nave been
identified as most dependant on pearl millet. These counteies face the probabihity of a chronw fuod shortage in the

next decade.

Table 3. Geographic areas/functional zonas of pearl millet production (1978

data base).
Area - )
Zone Priority (Million  Average Major
ha) Yield (kg/ha)collaborators
I. WEST AFRICA b 11.64 620 N
Cameroon, Ghana, Mali,
Mauritania, Niger,
Nigeria, Senegal, Togo, UNDPf USAID,
Upper Volta, Sahelian SAFGRAD, CILSS,
part of Sudan IRAT, Inst. du
Sahel, IDRC
I1. N/CENTRAL, SOUTHERN & 2 3.27 490 and national
EASTERN AFRICA programs

Chad, Egypt, Sudan,
Tanzania, Zimbabwe

IIT. N. INDIA & PAKISTAN 1 8.39 428 ~
Gujarat, Haryana,
Madhya Pradesh,
Punjab, Rajasthan,
Uttar Pradesh &

Pakistan { ICAR
IV. CENTRAL & SOUTH INDIA 2 3.31 423 and o
universities

Andhra Pradesh,
Karnataka, Maharashtra,
Tamil Nadu

Source: FAO Production Year Book, 1978; Indian Agriculture in Brief, 17th
ed., 1978; World Agricultural Atlas, Vol.IV (Africa), 1976: Bajra
production Plan 1976, Pakistan Aaricultural Research Council.
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iFigure 2. Reported area planted to pearl millet in Africa (1978),
priority 1 zones in yellow.

One dot equals 20,000 hactares
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Figure 3. Reported area planted to pearl millet in South Asia {1978),
priority 1 zones in yellow.
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Million ha Million |

Pakistan 0.67 India 11,03
Baluchistan 0.01 Andhra Pradesh 0.57
NWFP 0.04 Bihar 0,02
Punjab 0.43 Gujarat 1.61
Sind 0.19 Haryana 0.95
Jammu & Kashmir 0.01

tal South Asia 11.7 million ha Karnataka 0.49
Madhya Pradesh 0.19

Maharashtra ’ 1,82

Punjab 0,15

Rajasthan 3.80

Tamil Nadu 0.41

Union Territory 0.02

Uttar Pradesh 0.99
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Research Priorities, Strategies, and Gonls
The major thrusts in research will be problem-ariented, and products will be developed through interdisciplinary

work

1. Environmental stress
In studies on environmental stress, the hiest thrust will be 1n developing sereeming techmiques for detecting
resistance to moisture stress, Some progress has been made, and thin work should be completed by 1985, The

techniques will be routinels used in breeding hvbrids and vanieties to withstand mosture stress satuations

The second thrust will be 1n understanding the {actors responsible for poor crup extablishment that can be

amehorated by genetic improvement and/or by soill management; thix may take 3 10 5 vears

The third thrust will be 1 investigating the imphications for hreeding strategies of performance under low
fertilty because of its relevance to conditions under which pearl millet 10 grown and will continue to be grown by
resource-poor farmers. We will studv the role of myvearrhizae (fungus invamon of roots) in enhancing nutrient

uptake in low fertitity conditions

2. Nitrogen fixation

To explowt the finding that pear] muilet roots support nitrogen fixation, we need 1y refine assay techniques to
satisfactorily screen varieties/lines (or this capacity. We hope that by 1985 1echmques will be available to select for
nitrogen-fixing raparity and incorporate st nio advanced hreeding material. Studies will also be made on how
environmental canditions affert the performance of the mitrogen-fixing association and the nature of the

crop/organism interaction.

3. Disease stress
Downy mildew and ergot have proved major hazards 10 using higher - yrelding genot ypes, particularts hybrids. Gran

smut and rust also have the potential to become epidemic 1n pear] millet. To ensure that the correct strategies are

at

developed for the utilization of genetic resi d other methods of control—the biology and

epidemiology of all four diseases. particularly downy mildew and ergot, will recerve attention over the next 710 10
vears. Special attention will be given to development of resistances effective against different races of downy mildew
and to different levels of disease pressure as observed in West Africa.

The ergot resistance that has been developed is primarily needed in hybrids. but as it seems likely that

resistance factors must be bred into both parents of a hybrid, resistant hybrids may take some time to obtain.



Screening for resistance to smut and rust will continue, and effoctive levels of resistance are expacted to be

incarporated i advanced breeding material by 1985.

4. Insect pest sirees

On the Indian subcontinent, pests have thus far been relatively mmor hazards 1o production, therefore, sctiviiesin
entomology will be hmited 1o surveillance. In Afnica, however, stam borers and eathead pests can be seriounly
damaging and need attention. entomologists will determine theiwr extent and seveeity and attempt 1o develop

lerhmquen 1o screen for geneuc resistance.

5. Breeding for high yield and resistance 1o stresses

The pearl millet breeders will intensily their efforts 10 increase vield potential while incorporating resistance to
those traits that reduce vield and contribute to iatability of praduction. Major obyjectives are to incorporate wto
advanced breeding material sources of remstance ta drought and dieerse, tolerance of low fertility, and posathly
capacity to stimulate nitrogen fixation. Utthzation of germplasm s fundamental to most of these setivities, [CRISAT
has an extensive and stil] expanding germplasm collection that i 8 mapor source of unesploited varisbility. The
systematic mobilization and dissernination of germplasm variabahity through erosming and progeny selection will bea

prionty objertive in the next 10 vears.

The production of new seed parents will also receive cantinuing emphasis, this beinig a support function 1n
terms of providing other breeders with the means of discovering new hybrid combinations. The first new aeed

parents are hkely 1o be available by 1983,

In India the national coordinated program of research in pearl millet i« strong, parucularly in developing
hybrids. We will complem;mt the work of this program by supplying techniques and breeding materials and sharing
knowledge. We will maintain the population breeding approach so as to develop hugh-yielding varienes relevant 1.

the national program in India and abroad.

Work 10 date in West Africa has shown the existence of extremely high but variable pest and disease lovels and
has revealed the extent of the adaptation possessed by landrace varicties. These pest and disease levels have caused
difficulty in evaluating the potential of exotic material, or even growing 11 to make crosses. However, at several
locations relatively unadapted early~maturing exotic genotypes have equaled the graim yields of the local varieties.
The landrace varieties have in general a poor harvest index, but unless this character is absolutely related to stability

of grain yield such genotypes must be judged inefficient at converting existing growth potential into grain.



The high disease pressures and disease variabibity in West Africa, paeticularly for downy mildew, have heen
utihized i identifving resistance trats that are not location specific for relisble breeding use both in Africa and

India.

The total [CRISAT program is designed to provide the technology necessary for nanonal scientists ta
substantially improve millet gramn production. This include soroeconomic ntormatian snd an understanding of
the phyvsival and biotic constraints to vield and wavs 10 smeliorate them The Farmung Svatems Research Program
will condurt research un the soil-related constrants and the explostation of intececopping. while the Pearl Millet

Program will work on combimng genetie reastance 10 stress with mereased gran vield potennial

In addition ta our heted objectives, which are applicable 1o all zones, turther research privriies are needed in

Africa to:

o Determine effective adaptation zones. the tvpe of cultivar suited 1o each zone, and where best to locate

breeding and testing sites We hupe this will be done by [983

o Determine the effects ol interaction ol photoperiod response. planting time, und e vycle duration on vield

potential, effects of mowsture stress, and avordance of head peste and diseawes,

o Begen a small amount of explorstory work an hvbrids: wereen for resistance 1o Strga and ineorporate
resistance min new genots pes: and adentify, i collaboration with the Farming Svalems scientists, varisties

suited 1o smpraved intercropping patterns

Funding Implications
If funds increase, work would be commenced m Zone I] and increased in Zone 1. particularly on adaptation and crop
estabhshment factors and utilization of mitrogen fixation. We would slso mvestigate the possthiity of acquiring for

grain production in pearl millet the exceptional traits available in Napier grass (P. purpureum) —high growth rate,

high nitrogen fixation, disease i ities and r

In the event of a small decline in availability of funds we would effect economies by adjusting the volume of
material handled, lsbor, and program travel. If funds decline further. priority would be given 10 maintaining
research relevant to Zone 1. Stress research would be reduced before research on yield potential. It must be noted,

however, that pear! millet does not benefit from research in developed countries to the same extent an other rereals.

Linkages with Other Institutions

Excellent cooperation has already been established with national programs in India and the Sahelian countries.
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Lanks with other institutions will be strengthaned and increased as appropriate to achisving program objectives.
These alreadv exist with L SDA at Tifton, Georga, and Kansas State Universits in the 1S4 and with Reading
Unaversity. the Plant Breeding Institute at Cambridge, and Uneversity of Nottingham. LK. on varous axpects of

plant breeding, agronomy. and phvsiologpy

The pratoplast regeneration work on pearl muliet currentls being explored at the Universits of Florids has
possible practical apphicanons Collsboration un mitrogen fixation research existx with the Univeraity of Marburg,
West Germanv: Rothamstead. UK: and the University of Florida, USA Several arean of callalmration are expected

with US Land Grant univeesities w the Tute X INTSORMI Project

Pulses

Chickpea (Cicer anetinum L) and Pigronpea (Cajanus cajan 1. Millsp ) are the principal pulses of subsistence
farming systems of the Indian subcontinent and important camponents of smilar ayatems 1 other tegions of the
semi-and tropics. More than 95% of pigronpea and 807 of chickpea i produced in the Indian subcuntinent. The
vields of both these craps are low, and they continue to be grown on marginal soils with low or no input However.in

recent years interest in their cultivation has increased tn nontraditional arean and with moderate inputs.

Research in hoth these crops started almost from acratch and. except for India where a coordinated,
well-supported program of research on pulses exinted, there was Little significant renearch effort. But even in the
Indian program both these crops were part of an overall research effort on a large number of pulse craps; thus
specific attention to chickpes and pigeonpes was rather imited The ICRISAT program had to give highest priority

to collection and evaluation of germplasm resources and the development of strategy lor crop improvement.

In pigeonpea, our research has resulted in the identification of extra-early maturing lines that are useful for
many nonconventional areas in northern India in rotation with wheat, and 1n Australia for mechamized cultination

under rainfed situations.

Selection and development of vegetable types of pigeonpeas, which are 1n demand in the Caribbean and East
Africa, has resulted in the production of promising material for usein these areas, ldentification of male stérile lines
and the possibility of producing hybrids has opened up new avenues fur produetion. Identification of lines rewstant
to wilt, sterility mosaic. and Phytophthora blight and less susceptible to Heliothis offers potentialities of
ncorporating some of these traits 1n the elite material. Our scientists have found that of the three ICRISAT mandate

legumes pigeanpea is the anly one in which ureide concentration can be used as sn index of nitrogen fixation

capacity.



Chickpea serentists have developed |echni'quu for sereening againat important diseases such as wilt, 4scochvta
blight. and stunt. identified Lines resistant to these disease, and distributed them 1o the nationa! breeders for use i
thewr breeding programs. Lunes tolerant 1o Heliothis have been selected. The breeders have identified a male sterile
hine that could <et the stage for the development of hybrids The breeders have made crasses between tall and dwarf
and kabuli and desi chickpeas and develuped new possitniities of tagher vield potential. Effurts are being made now to
incorporate disease and pest resistance e continue to emphawite the studs of methodologies for breading,
wdentification of chickpea rhizobial strains, and development of suitable sgronomic practiees for increasing

production

In recognition of the importance of the kabult type chickpea for the Middle Eaai regran, we have started o
cooperative research program with ICARDA on improvement of that tvpe The program s very useful for sereening
for 4scochyta bhight remstance 11 has also established that winter planting of chickpes increases production

sigmfrcantly over the present svatema of planting i spring provided {scockvia blight~resistant varieties are used.

Priority Regions
In hoth pigeonpes and chickpea, overall objectives are the identification or development of genotypes and

characteristics countries 1o higher and stable vields of acceptable grain type under different crapping situations.

In the case of chickpea., the needs are for development of short-duration dest tvpex suited to conditions
represented by peninsular India and kabuli types suited to southwest Assa and North Africa; long-duration dest and
kabuli types suited to northern India; and des: types for Pakistan, Iran, and Ethiopia. In pigeonpes, the needs are for
short-duration types responsive to higher inputs and suited for sole cropping systems that fit into rotation with
wheat; materials suitable for the postrainy season 1n South and Central India: long-duration tvpes for intercropping

i central and northern India and eastern Africa; and medium-duration types for South India and West Africa.

The Pulses Program at ICRISAT has been making an effort 1o identily priorities vis-a-vis geographical zones 1n
which coordination of research should he recommended. The geographical functional zones for pigeonpes are

indicated in Table 4 and for chickpea 1n Table 5.

In pigeonpea, we are piacing hghest priority on the needs of Indsa and rountries in eastern Africa. and in
chickpea on the Indian subcontinent, West Asia, southern Europe. and North Africa. We will have 1o depend on
special funding for pigeonpea research in East Africa, West Africa, and Central America and for chickpea research in
South America (Priority 2).



Table 4. Geographical functional zones along with area and yield of pigeonpea.

o Axea Aver‘ge Relevant cooperative
Priority/Zone {million ha) yield research
e e (Xg/ha) organizations
PRIORITY 1
Zone I
a,c
A. Northern India 1.1 960 N
(U.P., M.P., Bihar, 5
and north Indian All India
states) Coordinated Pulse
B. Central and a.c 1.5 530 Improvement Project
peninsular India '
(Maharashtra,

Karnataka, A.P.,
Gujarat, Tamil Nadu,
Orissa, and other

states)

Zone II
b
Xenya, Uganda, 0.3 520 IDRC-gupported legume
Tanzania, Malawi program in Kenya
PRIORITY 2

Zone IIX

(s b d .
Dominican Republic 0.4 1150 Little organized
and countries in research on pigeonpea
Central America in the regicr
Zone IV
West Africa Figures not available,

but area has good potential
for pigeonpeas, which are
mostly grown as a backyard
crop at present.

Sources: a. Directorate of Economics and Statistics, GOI, 1978.
b. FapO, 1975.
c. States with less than 60,000 ha under pigeonpeas are not
mentioned individually but are included under others.
d. Figure includes yields of green pods and repeated harvests.



Table 5. Geographical functional zones along with area, production,
and yield of chickpea®.

Area Average Relevant
Priority/Zone (million vield cooperative
ha} (kg ha? proaram
PRICRITY 1
Zone 1
Indian subcontinent, 9.8 650 National proarams
Afghanistan, and in India, Pakistan,
East Africa Banaladesh, and
Ethiopia, breeding
mainly for desi types
Zone II
West Agia, Middle 0.56 B40 ICRISAT/1CARDA
East, Europe, regearch program
North Africa for kabuli types
PRIORITY 2
Zone III
South America 0.1 1020 National proaram

in Mexico; breeding
large-seeded kabuli
types for exports

2source: FAO, 1978.

The Indian Subcontinent is the highest priorey regeon tor ot prgeonpess and chickpeas, Both Lrops are

unpaortant sources of protein n the diet of the people. In India the present propducnion of all pulses 15 12 million
tonnes, but the requirement to meet dietary needs is 17 million tonnes. Thus there 1s already a defict of aver 30%.
ICRISAT will do everything possible to asaist the countries in the Indian subcontinent to incrrase pule production

i the 1980s.

Available statistics and our own surveys in eastern Africe have reveated the importance of pigeonpeas in that

region. Large areas of pigeonpea probably do not figure in the statistics because it is grown as a backyard crop by a



X

large number of poor people. The yield of pigeonpes per hectare 1s lower than in Inda. and we feel we must serve that

area on a high prionity bass.

Many countries in western Africa are very suitable for growing pigeonpeas. If funds become available we will

address curselves to the needs of that region and of Central America

Research Priorities, Sirategies. and Goals

Our high prionity research targets for the next decade are

1. Environmental stresses
¢ Development of screening tachniques for stresses such as momture, salimity high temperature, and froat 1n
rhickpea, and moisture, waterlogging. and salimity m pigeonpea We hope that 1 the next 3 tn 5 years

these objectives will he achieved.

o Studv of factors wfluencing growth, developments, and phenologs i ditferent environments 1o
characterize enviranments and understand phymiological basex of adaptation and stabihty of vield. These
stucies will he i collaboration with mstitutiona such as the [ niversity of Reading, UK:  Umiversity of

Queensland, Austraha: and DSIR, New Zealand.

# ldentification of chickpea and mgennpea genotypes adapted to nontraditional svatems and analysis to

determine the major fartors limiting vields on farms compared with research sations (vieid-gap analyast.

2. Disease stress {

.

» Development of elite d resistant materials.

o Screening of germplasm for additional sources of resistance Lo wilt, root rots, stunt. and Ascochvia blight in
chickpea; to wilt, Phytophthora blight. end sterility mosaic in pigeanpea: and distribution of sources of

resistant material through internationsal nursery programs.

» Study of the influence of cropping systems on the incidence of roilborne diseases.

o Development of projects on emerging disease problems such as Alternana blight on postrainy-veason
pigeonpeas.

o Epidemiological investigations of chickpea and pigeonp and survey of potential disease prablems.

3. Pest stress management

o Screening of germplasm and breeding material for resistance to Heliothis.
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o Intensification of research on ecology of émportant pests, including the study of potential peat problems and

pest management practices.

¢ Development of & packaye of practices for pest manageinent, the target sprcies being Hediothis and padfly for
pigeonpes and Heliothis for chickpess.

4. Nitrogen fixation
o Study of quanity and qualty of Rhuzobwm stemins in farmers' fields and their relationship to inoculation
requirements; development of methods of study of Rhizobm strains and irgume hosts for improving

mitrogen-fixing abhty,

o Assessment of the contribution of chickpes and pigranpes 10 the mtrogen nuintion of sxsocwsted crops in

intercropping and sequential erop rotation.

¢ Development of methods for production and utilization of inoculants.

5. Breeding for higher yield, stability, and resistances 1o dissase siras.

a. Chickpea
¢ Improvement of potential and stability (remistance to diseases, pests, and physilogical sreases) of vield of

short-duration desi and long-duration des: and kabuli suited 1o peminsular and nosthern India.
o Improvement of vield potential and stability of kabuli types for West Ania.
® Development of medium-tall chickpes plants with high yield potential
o International distribution to national programs of segregating and pure lines
o Assessment of effectiveness of breeding methods and study of male sterlity to explore produrtion of hvbrids.
o Inheritance studies to evolve more effective breeding strategies

b. Pigeonpea
o Improving the potential and stability of yield for long-. medwim-. and short-season pigeaupes suited to

intercropping and sole cropping systema in semi-arid tropical areas of the Indian subcontinent and East Afeica.

¢ Development of hybrids and exploitation of heterosis for & range of environments.

o Development of dwarf pigeonpea with high-vield potential for berter ¥ conditions,
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o Incorporation of resistance to the major diseases and the major pests, 1olerance 1o sahinity and waterlogging,

and increased ability to fix nitrogen.

Likely Achievements

Most of the survey work will be completed in the first 3 years and de t of methodology in the firsi 5 vears
Elite material with high-yield potential and yield stahility with resistance to the major pests and diseases would be
available for creating an impact in the national programa in the latter part of the decade. We belteve that some the

new plant types will be emerging for national use before the end of the period.

Funding Implications

If resources increase, the program will expand its activities to include East Aftica. West Alrica, the Caribbean
1slands and other areas where demand for pigeonpeas is high. in the case of chickpeas, we will strengthen cooperative
research in the North Africa-Mediterraneen region and South America while continuing to emphasize that presently

going on in India. Pakistan. Bangladesh. and Middle East countries.

If the available fundiné has 1o be reduced, then we will have to prune our activities—prohably across all

subprograms—without affecting teamwork—and redefine our priorities.

Linkages with Other Institutions

India has a weii-orgamzed national pulses improvement project, and pigeonpea is one of the several rrops in the
project. In order to strengthen the already existing cooperation between ICRISAT and the Indian Council of
Agnicultural Research (ICAR). we propose to study the feasibility of integrating our pigeonpea breeding work with
that of ICAR. This will further strengthen our capability to serve the program of the host rountry as well as those of

nontraditional areas.

We already have effective links with the University of Reading (chickpea physiology). Lniversity of
Rothamsted (microbiology), Max-Planck 'Institute (entomology), University of Queenslan (pigeonpea

cytogenetics). We will strengthen these links and develop others as and when the need arises.

Groundnut

Seventy percent of the world’s production of groundnut (Arachis hypogaea L.) 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,
and the fluctuations in yields are very high. Yields can be substantially increased by management of yield reducers of

which the most important are pests, diseases, and the unreliable rainfall patterns of the SAT.



The Groundnut Program at ICRISAT started in 1976 but significant research commenced only in 1977 with
the appointment of staff in some of the disciplines. Physiological and entomological research will Lecome
increasingly important in the next decade as full staffings of these subprograms i vet to be completed. The man

achievements of the program in the last few years are:

o Initistion of large-scale hybridization programs and improving the success rate int crossing from less than 15%

to 60% in the field and in excess of 70% in the glasshouse/acreenhouse.

o Development of field and laboratory techniques to screen for rust and leafspot resi e; und devel tof
. q p L

laboratary facilities to test the dspergallus flavus remstance and aflatoxin production: identification of new

sources of rust resistance for large-scale hybridization programs.

s Identification of the thrips vectors of Tomato Spotted Wilt Virus (TSWYV) and characterization of several
groundnut virus diseases (including TSWV, Peanut Mottle Virus, and Clump Virus): developing agronomec

techniques for controlling TSWV and identifying sources of germplasm resistant to others.

o Crossing of leafspot-resistant wild diploid Arachis species with the tetraploid cultivated groundnut and

restoring fertility to the sterile triploids by treating them with colchicine.

o Initistion of research on the use of tissue and embryo culture to overcome bartiers 1o hybridization

between different species of Arachs.

» Development of high-yielding and early-maturing lines and making them available 10 the national programsin

India and abroad.

» Identification of nonnodulating lines 8 well as lines with superior nitrogen-fixing sbility.

Priority Regions

India and Africa emerge as the areas of greatest concern based on hectarage, production, consumption. and the
contribution of the crop to the available fat in the human diet (Table 6). In the Indian subcontinent. 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 vegetable oil mporting countries. This causes hardship to

underprivileged people and a financial strain on national governments,

Southern Africa and Southeast Asis each have a compound growth rate for groundnut production of less than

1%. In eastern Africa the growth rate is 3% and groundnut oil countributes only 8% of the available fat in the diet.
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Table 6. Geographical and priority aroundnut regions, with area, vield,
and research capabilitises.

Area hverage Relevant coo) ti

Functional region (million yield € anh COQperating

ha) (kq/ha) research program

PRIORITY 1

1. Indian subcontinent 7.20 86l All India Coordinated
Oilseeds Research Proqram
exigts; Naticnal Research
Centre for Groundnut
(being developed).

2. Western Africa 3.08 880 Strong national programs in
Nigeria, Senegal, others
need strengthening; IHRO in
francophone countries; GT2
prooram in Ghana (new).

3. Southern Africa 1.16 690 Strong national programs in
Malawl and Zimbabwe; other
national programs need
strengthening; IDRC oilseeds
project in Mozambiqgue (new).

PRIORITY 2

1. Eastern Africa 2.24 782 Strong national program in
Sudan; others need strengthen-
ing; ODA oilseeds project in
Tanzania; new IDRC projects in
Ethiopia and Tanzania.

2. Southeast Asian 1.47 1102 Strong national proaram ir
countries (exclud- Thailand, others need strenath-
ing India and ening; possibilities cf IDRC
China) proiects.

3. China 2.45 1174 National proaram (beinc devel-

oped - potentially strono)

PRICRITY 3

1. South America 0.77 1023 Good maticral proarams in

Argentina and Brazil
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The lowest priority area is South America, whose population has a satisfactory fat intake although only a low
proportion of this comes from groundnut. ICRISAT consders it can adequately serve South America through the

supply of breeding materis] and advice.

Thus the ICRISAT core research program will continue to focus attention on the Indian subcontinent and will
shortly initiate a program 1n Africa. The present plans are to post a breeder and pathologist in Malaw1, and this team

will cover both eastern and southern Africa as part of their regional activities.

Eastern Africa has been given a second priority rating berause over 75% of the groundnuts produced in this
tegion come from one country, Sudan, which now has an adequate national research infrastructure because of the
high export value of the crop. Sudan, however, should benefit from the supply of breeding material emanating from

both ICRISAT Center and the ICRISAT African programs.

A similar core-funded team of breeder and pathologist is proposed for West Africa in 1982, In this regon the
major producers are Senegal and Nigeria, which still have strong research organizations. Other important producing
countries are Cameroon, Gambia, Mali, Niger, and Ghana but they need ta strengthen their capabilities in plant
breeding, pathology, and microbiology. The organization IRHO, based in Paris, has had a strong influence an
groundnut research in the francophone countries of West Africa. The German aid agency GTZ, has recently funded
8 crop improvement program tn Ghana with groundnut included as one of the crops. ICRISAT 18 cooperating with

both these organizations.

The regions listed as second priority areas in Table 6 are other Asian countries including China. ICRISAT is
already cooperating with most of the countries in this area by supplying breeding material and germplasm. With the
present limitation of funds it is not intended, or planned, to set up core-funded ICRISAT programs in this region.
However, UNDP and IDRé and possibly other agencies have an interest in funding oilseeds projects. and we will. for
the present, cooperate with regional, bilateral, and national programs.

In South America production is dominated by two countries, Brazil and Argentina. Production i trazil is
declining due to competition from soybeans; in Argentina the production system 13 highly mechanized and 1n the
hands of large farmers. We intend only to continue the supply of genetic material to this region and cooptréte with
the Genetic Res;)urces Program and IBPGR in the collection of indigenous material. particularly primitive landraces

and wild species.
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Research Priorities, Sirategies, and Goals
The high priority research targets for the next decade are:

Environmental atress
¢ Development of methodology within the next 5 vears for screening for resistance to moisture stress,

temperature stress, nutrient stress, and to studv the interrelationship of these stresses.

& Examination of basic physiological responses to environmental factors ta determine if laboratory tests can be

used to improve selection procedures.
o Development of large-scale screening programs when the techniques are standardized

Disease and pest constraints
o Improvement of currently used screening techniques and development of suitable screening techniques for

diseases such as Phoma, Leptosphaeruline, and Fusanum 1n Africa.
o Intensification of research on Aspergillus flavus and other soilbarne diseases.
o ldentification of sources of resistance to important virus diseases and development of control strategies.

¢ Development of overall disease management strategies combiming muitiple disease resstance, minimum

fungicide use, and cultural control methods.

¢ ldentification of sources of resistance to insect pests, particularly those that are vectors of virus diseases, and

development of integrated pest control management.

o Development of studies in pest dynamics in various cropping systems and estimation of vield losses due to

insect pests.

Nitrogen fixation

o Development of superior inoculants and determination of conditions necessary for their effieient utilization.
o Development of simple Rhizobium culture production methods for use hy national programs.

© ldentification of cultivars with superior nitrogen~fixing capabilities and use o1 them in bresding programe.

Breeding and cytogenet
o Development and release of high-vielding rust-resistant lines, cominned with areasonable degree of resistance

to leafapots.



o Development and release of early maturing, disease-resistant, high-yielding hines for an interuational testing

program in sole crop and for intercropping and relay cropping svstems.
o Development of pest- and virus-resistant lines.
o Development of lines adapted to both high and low input conditions,

o Development of high-yielding lines specifically for irrigated conditions in the Indian subcontinent, Southeast

Asia, and Africa.
o Evaluation of all available wild species for the improvement of the cultivated groundnut.

o elimination of crossing barriers between useful wild specie« and the cultivated species through tissue culture
and cytogenetic manipulation, and study of basic cytvgenetic probiems that mav be hindering the progress

of breeding programs,

Likely Achievements

Within the next decade, we should have available for national and regional programs material superior in terms of
vield and yield stability. With the current rate of progress, and providing that the disease and pest spectrum remains
constant, we should be able to provide advanced brerding matenial with high yield and resistance to rust, leafapots,
and some of the insect pests and viruses. Where resistance is not available, or where such resistances may take

longer than a decade to achieve integrated management practices will be developed.

Funding Implications
The Groundnut Improvement Program at present has two subprograms still in the development state—physiology
and entomology. The other subprograms are complete and operational with integrated reaearch projects designed to

overcome the major constraints that presently limit groundnut production.

If extra funds become available, we will strengthen groundnut research in Southeast Acta. concentrating on the
rice-based cropping programs, and initiate work on bacterial blight and “witches-broom™ disease which is raused
by & mycoplasma. Likewise. the strengthening of the African teams by the weluann of phyvaolugists and

microbiologists'would be justified.

If funding becomes limiting then savings could be made by an averall seduction 10 tuture research effort.
Specific reductions in expenditure can also be made an the screening of germplasm Jor new sources of rust resistance
providing there is no change in the present hiology of the pathogen. Resistant material o far identified appears Lo be

stable over environments and can be profitablv used in breeding programs. Similarly. the pre<ent volume of work on
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the routine screening of cultivars for resistance to bud necrosis disense {caused by Tomato Spatted Wikt Virush i
being reduced as it appears that we have no resistance in {. hvpagaea. Our work will now concentrate on the wild
species, which appear to be much more promising sources of remstance.and this will reduce the smount and cost of

the work.

Linkages with Other Institutions

Presently we have strong hinks with North Carolina State Univer«ity and other U8, institutions and with Reading
University (LK) n breeding. cvtogenetics. discase rewstance, and nitrogen fixanon studies. W e are cooperating
with virus research institute in Japan, UK. USA, the [vary Coast. and Nigeria and hope ta develop strong links with
the Virus Research Insititute 1n West Germany, the International eladagvne Project in Narth Carolina, and with
Imperial College, UK, for research on races of rust and other fungal diseases We intend to develop very close links
with the proposed USA Title XII Peanut Program. We are trengthening our hinks with the National Research

Center for Groundnut m India, and we already have close links with the Indinn Directorate of Oilseeds Research,

Genetic Resources -

The key to success in’crop improvement research lies in the variability and potentiality of the world's genetic
resources. The international centers thus are in a unique position, nat only to enrich their own programs but also to
make invaluable genetic material available to scientists all over the world. To meet this objective, ICRISAT
established the Genetic Resources Program in January 1979. We are embarked on a long-range program of
collection, evaluation, maintenance, conservation, documentation. utilization and exchange of germplasm of (he
Institute’s five mandate crops and six minor millets' as requested by the International Board fur Plant Genetie

Resources (IBPGR).

blad

Presently there are over 65,000 ions of ger and conserved in the medium-term gene

I
r

bank of ICRISAT. The number of accessions by crops is given in Table 7.

The collection is considered smail compared to the worldwide genetic diversity that 1s not vet assembled and

conserved.

In the next decade, we will intensify our global activities in collection, our regional artivities i mamienance,

conservation, dc ation, and evatuation, and our SAT responsibilties for unhzation and distribution The

most important areas of future collection are in Africa, Asia, and South and Central America. 4 concerted effort will

Pros millet {Pansrum midiareum . finger millet (Eleusine coracanay., foxtar millet (setasia stnfical etle maliet (Punicum mebare), harrs ard meltel

(Echinnchion crusgallt. and kodo millet (Prwpalum serobiculatum)



Table 7. Accessions of germplasm in the medium-term gene bank at ICRISAT.

Crop No. of Areas fairly well Priority areas to be
accessions represented explored
Sorghum 21,264 Eastern & South Western, Northern and
Central Africa, Southern Africa, parts
India of Asia and near East
Pearl 14,074 India, South, Western, North Eastern,
Millet Central Africa, parts of Eastern and
parts of Eastern southern Africa, Asia
Africa
Pigeonpea 8,815 South Central Asia, Lastern & Western
Philippines Africa, Caribbean
Trinidad, Puerto Islands and surrounding
Rico, Australia, countries in the Gulf of
Xenya Mexico and South America
Chickpea 12,332 India, Iran, East Africa, Ethiopia,
Afganistan, Turkey, Egypt, North West Africa,
Israel, Spain and Western Asia, Algeria,
Mexico Tunisia, USSR, Portugal,
Argentina
Groundnut 8,363 India, U.S5.A., Brazil, Peru, Argentina,
Senegal Ecuador, Bolivia and other
South American & Caribbean
countries, Burma, Indonesia,
Eastern and Western Africa,
China
Minor 4,039 India, Pakistan, Eastern, Northern and Sout-
millets - East & South Central Africa, China, USSR
Central Africa and South Central Asia
Total 68,887

be made 10 salvage the important vanishing landraces and to capture new and desirable genetie trants including those

in wild species, for use in present and {uture crop unprovement programs. Survey of cytogenetic variation,

population studies, introgression and conversion, morphogenetic and taxenomic monographs will form part of

ongoing activities.



The specialized collection and evaluation program, as well as the refinement of the applied research activities,
will continue. The behavior and viability of seeds under medium- and long-term starage 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.

ICRISAT will cooperate with national and international organizations to establish regional germplasm
conservation and evaluation centers in West and eastern Africa. The new Sshelian center of ICRISAT could serveas
a suitable center for the development and operation of the regional genetic resources program for millets and
groundnut in West Africa. At least one crop-specific genetic resources staff could be stationed there for 1 or 2 years
to be followed hy other crop-specific staff on rotational basis. Such an arrangement will assure a more thorough

germplasm collection, evaluation, utilization, and conservation in the region.

Funding Implications
Financial constraints may limit some of the major efforts in collection and related aspects of the Genetic Resources
Program. With improved funding possibilities, we would establish a smali regional center in East Africa in

collaboration with national programs, possibly near or at a future ICRISAT regional center. The genetic resources

ph concerted germplasm collection and their evaluation at or near their natural

p

regional activity would

habitat. Much importance 1s placed on this effort in view of the present drawback in aitempting to evaluate all
germplasm at Patancheru, away from its area of collection and natural habitat. The implication of this prablem 11 s0
great that certain superior landraces may not be utilized properly because of their baing evaluatad in an area where

they are not adapted.

The regional center we are envisaging would require limited transportation facilities for collection missions.

land for evaluation, and laboratory for handling and conserving the germplasm.

Declining resources would prevent a major effort in collection, evaluation, and utilization research on minor
millets but we would at Jeast continue & holding operation and exchange facility. If we are compelled ta reduce our

collection effort because of declining funds, it will be a great setback 1o the program of ICRISAT.

3.3 Resource Management Research

Farming Systems

Research to improve resource management commenced at [CRISAT Center at Patancheru, India in 1972, The site

p two repr ive benchmark soils, Alfisols and Vertisols, in an agraclimate representative of the SAT.

While recognizing the location specificity in farming systems research. it was considered that the work at the Center



would provide the basis for development 4?[ concepts that could be applicable to other socioeconomic-agroclimatic

situations.

It was decided that initially the main thrusts should center around devel of technology for the

P

underutilized back soils (Vertisols) and incressing our understanding of the other important group of soile
{Alfisols). Interdisciplinary research has made considerable progress in understanding the problems of these soils

and in working out solutions on an operationai scale in a few well-defined environments in SAT India. Some of the

important achievements are:

¢ The climatological dats of seversl semi-arid tropical locations in Indis snd West Africa have been analyzed and
concepts for utilization of different agroclimatic regions have been developed. Analyses of the probabil-
ities of rainfall coupled with soils information enabled the delineation of the areas for likely success of rainy-

season cropping.

1t was established that crop production in the semi-arid tropics is not only limited by low and unreliable 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 environ-
ments, to estimate the runoff and drainage 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 gemen! was developed to

conserve soil and water and to facilitate cropping of the deep Vertisols during the rainy sesson, It
facilitates harvesting of excess runofl water for supplemental irrigation. Collaborative research with the All
India Coordinated Research Project for Dryland Agriculture (AICRPDA) has been undertaken to evaluate

this technology under different environments.

Improved cropping systems also have been developed on the deep Vertisols to utilize the rainy season period

when they have been traditionally left fallow. In assured rainfall areas, rainy-scason cereal crops have been
grown without reducing the vields of postrainy-season crops: s cereal intercropped with a long.duration

pigeonpea 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 crop productivity. Cereal/ nigeonpea

intercropping has given full yields of cereal and a “"bonus™ of 50 to 90% pigeanpea yield depending on the
residual soil moisture supply. Pear! millet /groundnut intereropping has consistently given yield advantages of

25 to 30% on Alfisols, with e-en greater benefits under conditions of moisture and nutrient stress.
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¢ The development of multipurpose agimal-drawn wheeled tool carriers was given emphasis in the tnitial vears.

The Tropicultor with various attachments has proved to be a promiing machine.

Research Sirategies

Farming systems research includes four broad areas: base-line studies, component 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 grestest attention in the

1970s from the Farming Systems Rescarch Program. Base-line studies were emphasized in the Ecc ics Program.
In the 1980s greater emphasis will be given to on-farm research, although in Africa considerable center-hased
research will still be necessarv. The proportionate allocation of time and resources to hase data analysis. on-center
research, and on-farm research will depend on the stage of development of such research and the semi-arid tropical

region in which it is being conducted. The individual disciplines will devote much effort to integrated ressarch while

maintaining appropriate emphasis on f{actor-oriented research.

Development of research methodology will remain an important activity. One of the strategies in farming
systems research at ICRISAT will be to incorporate a problem-oriented approach involving muhtidisciplinary teams
drawn from all programs to focus en well-defined subject matter areas of high priority in the attainment of
ICRISAT s objectives. During the 1980s particular emphasic will be direrted to conducting farming systems

research in collaboration with national and regional institutions responsible for both traming and extension.

1t is recognized that on-farm research plays a key role in providing information 1o shape priorities. ICRISAT
will endeavor to have a strong program of on-farm research 1n which national progrems are involved, particularly st

the stage of on-farm testing of prospective technologies.

Widely different management systems will be required for the diverse SAT soils. Four major soil orders—
Alfisols, Entisols, Oxisols, and Vertisols—encompass approximately 85% of the SAT. Alfisols and Entisols
predominate in West Africa, and Alfisols and Vertisols in Asia; thus our research will concentrate on these soils. The
Farming Systems Program will collaborate with other agencies and national programs on research in other regions to

evolve improved farming systems.

Research Priority Areas

Characterisation of resources and identification of benchmark sites

Compilation of information on the agroclimatic and soil resources of the SAT will receive high priority in the
selection of representative benchmark sites for developing and evaluating new technologies for a wide range of

environments encompassing the major sorl orders of the SAT. Agraclimatic surveys will be rontinued for the next 4



to 5 vears to permit evaluation of the nesds for farming systema research. Soil maps of varniaus levels of accuracy

exist. but there is a need to coordinate and summarize existing data with planned agroclimatic work.

Double crapping of Vertisols and refinement of technology for shallow and medium Vertisola
For deep Vertisols. the major objective will be on-farm studies to evaluate and modify the technology that was
developed in the 1970s at ICRISAT Center. For shallow and medium -deey black soils, the technology will be further

refined. We hope by 1985 to have appropriate technology for evaluation 1n on-farm studies.

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

In research on Alfisols. the aim is 1o study alternative land configurations and management techniques for
ncreasing wnfiltration, minimizing erosion, and enhancing the potential for life-saving wrnigation. A substantial
research effort will be made for development of land-and-water-management systems for the light textured
Entisols and Alfisols of West Africa with particularly low water-holding capacity. susceptibity 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 hecome available.
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Rainwater management and use will receive more critical evaluation in on-farm as well on-station researches. We

will continue to seek better methods for runoff water management in typical soils of the SAT.

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

1t, and supplemental life-saving irngation.

B

On-farm research for evaluation and transfer of technology in three villages has shown that the new
technology increased farmers’ production severalfold. These involved Alfisols receiving low rainfall. deep Vertisols

receiving low rainfall, and medium-deep Vertisols receiving medium ranfall.

Cropping for diverse environments

Our cropping systems research will emphasize the develop of systems that make more efficient use of limited

resources, especially moisture and nutrients. The soil physicists. climatologsts, and <1l 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.
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Machinery and tool development
We will emphasize improving the efficieney of farm inputs and operations ax effected by the use of the maclinery

appropriate ta the farmers canditions and resources. Development and refinement of imple and reliable equipment

to accomplish these will be carried out

Nutrient management for improved productivity

Special attention will be given to improving nutrient efficiency in dfferent cropping svstems involving ICRISAT
crops. In the first 5 years. major emphasis will be on studies of mtrogen. Improving the efficieney of nitrogenous
fertihzer will be studied by soil scientists, soil physicists, and agronomists Nitrogen losses and development of
techniques for reducing these under u range of sml and mosture condinions wiil receive more attention initially.
Long-term studies ol resdue management, hiological mitrogen fixation, and green manunng will be conducted.

Other nutrients such as phosphorus. zinc, sulfur. and potassium will receive greater attention at a latet stage.

Weed, pest, and disease management
New and improved cropping systems frequently generate new weed, pest, and disease problems. In collaborative
studies with scientists m the crop improvement programs, increased attention will be given to the development of

svstems that allow satisfactorv integrated management

Expected Achievements
¢ Adoption of watershed-hased impraved farming svstems by farmers on deep Vertisols in the assured rainfall

areas of SAT India.
o Better delineation of the SAT regions and characterization of agrochmatic zones,
o Further development of models to describe the soil-plant-atmosphere continuum.

Improved capability for predicting the most appropriate eropping systems far a given environment.

o Clear understanding and further advances in research methodology. .

& Design of efficient farm implements and equipment for satisfactory crop establish and 2 .

» Quantification of the nutrient dynamics under improved resource management and cropping systems.

o Better understanding of the pest, weeds, and diseases and better management of problems in improved

farming systems.
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o Development of water-harvesting methods suitable for different environments and strategies to optimize

the utilization of limited water.

Funding Implications

The plan presented in the preceding pages 13 based on the assumption that the flow of funds shall remain conatant in
real terme over the next few years. If fundimg improves, we plan to expand our geographical coverage snd
collaborative work with national programs. If funds decline we will redue our input on deep Vertisols at ICRISAT
Center. The designing and development of wheeled tou) cacriers will receive decreassd emphasic. The machines
already designed and developed will be tested in the on-farm phase. Basic research in soil fertihtv and chemistry will
be done in collaboration with centers of excellence 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 offort both within the [nstitute and nutside it. Linkages with other
institutes, universities, and develepment orgamzations m India and elsewhere are essential to provide theoretical

back-up of the résearch findings, the testing of trchnology developed, and its transfer.

Linkages have been established with 16 experimental stations of the Indian Council of Agricultural Research
(ICAR) for further development and testing of research results from ICRISAT. Similarly, in Upper Volta and Niger,
all farming systems work 1s conducted in close collaboration with the national institutions so that the research

findings can be transferred quickly.

International linkages are also heng developed with Texas A & M University, USA, for sorghum modeling:
ORSTOM, France, for study of climatology of West Africa; Nottingham Uruversity, UK, for modeling of water and
crop growth; Weed -Research Organization. UK, for weed research: Tillage Laboratory. State Agricultursl
Univeraity, Netherlands, for uilage work in.West Africa; Internationa) Fertslizer Development Center, U'SA. for

nitrogen studies; National Institute of Agricultural Engineering, UK. for development of low-rost tool carriers.

Economics
Economies research has facused attention on problems of technology and of economic and institutional policy. First

priority has been given to identification of constrants, evaluation of options. and making recommendations to

overcome these constraints.

In the last 7 years, the program has developed a number of methodologies that are being utilized by other

sec 0 it in the SAT and elsewhere. These include methodologies to:
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¢ Conduct multidisciplinary village studies to understand constramts to food production and develop-

ment and to evaluate prospective technologies.
¢ Determine and meaure the extent and importance of sgricultural risk and risk attituden.

o Study wsues of efficiency and equity in research resources allocation including guestions relating to

human and nutritional priorities and technalogs suited to small and large farmers.

¢ Conduct economic analysis of on-station and on-larm sxperiments.

o Derive consumer preference indices for SAT fond grains—particularly surghum—uning their cryptic and

evident characteristics.

o Evaluate social. organizational, and mstitutional requirements for successful adoption of new techno-

logies and improvement of productivity of resources

Research Strategy

in iormweting research programs and giving them appropriate priority in the next [0 vears we will keep the

following five points in view:

1. Based on the experience of the 1970s, we fee] that there is a general lack of sustahle terhnologies especialiv

designed to improve productivity of SAT agriculture; and we have to continually search for such technologies.

2. We must strengthen our efforts to identify and evaluate insttutional policy options that would improve access

to technology. particularly for small farmers of limited mean=

3. Institutional issues that determine the availapiiity of limited environmental resources having common property

characteristics such as runoff and groundwater. pastures and forests, should receive incraased attention.

4. Regarding the geagraphical direction of our research, we will muntain our present leve of research in the Asian
SAT throughout the 1980s. intensify our research relevant to West Africa in the next 5 years, and extend such

efforts 1o East Africa.

5. The number of our core staff is anticipated to remain unchanged, so further work will be carried out within the
capacity of present strength and within given budget constraints. Suitable collaborative arrangements with other

institutions for specific research projects will be given appropriate priority.



Research Priorities

The major research priorities, assuming normal growth of funds, are depicted in Table 8. 4 brief suthne isgaven

below:

Analysis of traditional farming systems
In addinon to the three <authern Indian villages unider intenave study since 1975, there will be four new villages
under study in groundnut. chickpea, and pearl millet growing arens of Guyarat und Madhva Pradesh i central and

northern India. Similarly in West Africa, site<in Upper Volta and Niger are heing welected fur mtensive studies, Al

of these studies will continue until 1985,

4asessment of proapective technologien
This will continue throughout the decade in both India and % est Africa in collahoration with national programs.

Modeling and sumulation will form an increasing component of <uch studies,

Environmental use and social organization
Studies of the use of commaon property resources will be imtiated from 1981, Conclusions from ndian studies on

social orgamzation, particularly those related to watershed development. will be further evaluated,

Studies of traditional tanks
Poliey implications from studwe« conducted in India will be hrought 1o the attention of poliev makers. and

investigations into the possitality of tank irrigation in West Africa will be initiated,

Mechanization studies

Studies on animal-drawn implements and tractors in West Africa will be imtiated. Differences in mun/land ratios
and wage/price relationships may imply different conclusions than those arrived at for the Indian and South A-1r:
situation. It is expected that these studies W‘I” be completed by 1985. Problems of availabulity of aliernative energs

sources for SAT agriculture will also be studied.

Risk studies
Studies on the nature and extent of ricks and SAT farmers’ perceptions of risks will be conducted in India and West

Africa m the earlv 1980s. Results from hoth regions will be compared and policy mplications derived by 1983,

Market studies
The past and present work un supply and demand elasticities of sorghum, pear) millet, groundnut, and pulses wili be

utili =d 1o rerrv out ~nalvees smulating the effects that varions technology and poliey scenarios coutd have on
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prices. production. resnurce use, and haman welfare. These studies will be updated 1n 1985 and again w1990 ty

dertve impheations for WWRISAT s recearch strateges

(ansumer preference analvais
Studies on consumer preterenve n songhuim and peast maflet will be extended 16 % ea Aricaand the unpleations for

research strategies brought to the attention of bresders, This study hould be completed by 1085,

Adoption studies and constraini analyeis

Studes of the adophion of improved technologies and theie eftects will vommense i JOR1 0 Tudiaand West Afriea.
To understand the gaps between the perlormance ot new technologies on research statons, i on - farm experuments,
andan farmers” frelds, studies will be undertaken m eollaboraton wath national pragratis and pohes implications

drawn,

Collaboration and Training

Collaborative research has alwavs beena sigmificant part of our strategy For example. we recently vompleted a studv
with the Indian Agricultural Statishes Researcl Fnetitate on tertilzer use on <orghum and millets Research on
adaptabihty, stabliy, and rick in corghum breeding was undertaken with the Al Indis Coordinated Sarghum
Improvement Project (AICSIPY Guparat Agricultural Umveraty and Jawaharlal Nehru Krishi Vishwa Vidvalavain
Madhya Pradesh are collaboratingin our village studie<in those ctates, Professor T D Wallace of the Department of
Economics at Duke Univeran, USA| s enllaborating with us i a study of rural labor supply response and
technological change. We are negotiating with the International Food Policy Research [nshiute {(IFPRD) for

cooperative research mn India and West Africa an demand, supply, and marketng poliies for sorghum and millets.

Collaboration with national, regionai, and international orgamzation in conducting «iudies of mutual interest

and of relevance to the SAT will recerve greater attention in the 1980s.

Traiming of economists fram national programs for collaborative studies will be given a high prioniy.

Funding Implications
The above priorities assume a normal growth rate of program funda. [f funds remain eonstant, pri()nile« 10and9in
Table T probably will be drapped in both India and Weat Arsca If funds decrease then projects will be deleted in

descending order of prionits . commencing with B, The precise curtaiiment would depend on the size of the reduction

i finds
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4. Transfer of Information and Technology

The fourth objective of ICRISAT is to aesist in the development and tranafer of technology through cooperation
with national and regional research programs by sponsoring conferences, operating international training programs.
and assisting extension activities. Clearly this implies a commitment 1o applying the product of ICRISAT s research
programs—both knowledge and technology that is fully proven—to regions of the SAT whers it is relevant. The
Governing Board of ICRISAT accepted this challenge by setting up s Technology Transfer Committec whose specific

aims are to facilitate and assist this effort. The committee 1w empowered to:

1. Decide what products of ICRISAT research programs are ready for transfer to national agricultural action
programs. These products range from new methodology and crop breeding lines and culttvars 10 more complex

technology from Farming Systems Programs (packages of technology) and follaw-up action from studies in villages.

2. Plan and advise on action programs to transfer technology, ensuring feedback from such programs to research

workers to indicate the need for further research.

Although ICRISAT is relatively young, transfer of technology has already begun and certain channels have
been established both in India and in African countries. They can be broadly categorized as follows:

a. Scientist-to-scientist interaction. Very real contributions are being made to national and regional programs by
exchanges of ideas, early general plant breeding lines and technblogy, particularly in the ares of screening for stress.
This will grow in the next 10 years. The process is facilitated in Africa by the fact that ICRISAT scientists work at

national research stations and attend national research meetings on crops in ICRISAT's mandate.

b. Seed materials from germplasm collections snd from ICRISAT breeding programs, and int some instances tested
materials from other national breeding programs in Asia and Africa, are made readily available through ICRISAT's
Detwork. As far as possible, this is done through natipnal testing programs end seed multiplication or variety release
schemes. ICRISAT is able to readily mobilize and distribute materials in mandate crops.

¢. Application of improved technology or technological practices in Itation with national agencies snd
in pre-extension projects. This technique will be increasingly used in the future,building on the dats

base accumulated from our village-level studies in India and now beginning in Upper Volta and Niger and from our
experience gained from introduction of the improved technology for utilization of double cropping systems on the
deep Vertisols in India. ICRISAT will not become involved in direct extension work but, correctly, should become
involved in identifying constraints and problems associated with the transfer of research results from the closely
supervised research sistion situation to the farmers’ fields and the evaluation of constraints at that level.



ICRISAT has a role 10 play in informing policy makers and senior govarnment officiale of advances in research
methodology and potential payoffs from research. The exact mechanisms of ensuring such transfer vary. I can be by

direct contacts at high levels, visits to ICRISAT Center, and sometimes in more formal sessions on specialised tapios.

By virtue of links with developed and developing countries, ICRISAT is increasingly able to host workshops,
symposia and conferences, at which the mast recent research findings can be made known. These gatherings range
from small specialist consultant workshops, such as on crop modeling or yield assssament, to large conferences
involving broader representation from developed and developing countries which give a broad input into future

planning strategies for a whole area of research.

e. Training assumes special importance, given the expertise and facilities available both at ICRISAT Center andin
Cooperative Programs. A range of disciplines are covered and an increasing body of research information is being
accumulated with specific relevance to SAT areas. Good progress has been made but constant reviews of strategy are
necessary to maximize effectiveness. The capacity to train technical and scientific personnel is limited. More accent

will be placed in the future on the training of trainers and an expansion of training in cooperating countries.

4.1 Training

A major constraint to agricultural research and development in SAT countries will continue to be the shortage of
skilled manpower to carry forward dynamic programe of crop improvement, farming systems, and production
technology. Our training program therefore has & significant responsibility to assist in providing trained
agriculturalists who can work more effectively in research, extension, and training sctivities. One of ICRISAT's
major contributions will be through training nationals of SAT countries 1o develop and plan rational and relevant
research programs for their countries. It is vital that strong indigenous research programe be developed to capitalize

on research results and material coming forward from ICRISAT programs.

The strategy is to provide educational oppartunities and practical expetiences for personnel from national
programs and donor countries who are working or intend to work in national, regionsl, or international agricultural
research or development programs in the rainfed SAT. These training programs will continue 10 utilize the
Institute’s unique access to genetic resources. SAT environments, scientific expertise, research experience with
selected tropical crops, access to scientific literature, snd scientific equipment and facilities for providing
multidisciplinary training opportunities. Trainees are clamsified as International Interns. Research

Fellows,Research Scholars, Inservice Trainees, and Apprentices.

The largest number 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, soil
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fertility, socioeconomics, and ressarch management will significantly increase with the increase in the academic

qualifications of applicants. Requests for more training in ground hick

pea, pigeonpes, and farming systems

research areas are expected to continue 1o increase.

In the future a larger number of trainees will be asnygned for practical training and applied research to
individual scientists in research programs as research scholars, research fellows, and international interns. They
will also require courses in their areas of specialization and these will be developed using both traditional methods
and modern technologies, such as video. The number of students and postgraduates for such training has heen
small, but the SAT country educational programs are beginning to abtain increasing number of graduates
in agricultural sciences. This increased number of agricultural graduates will snable the [nstitute to provide more
training programs and activities at an advanced level of skill development and practical application. Periods of
attachment may be as short s a few weeks to pick up specific techniques, or longer to develop experience and skills

in the range of techniques within a discipline.

We hope increasingly to assist scientists in the cooperative programs to conduct training programs in crop
improvement, crop production, and farming systems. These training activities would be organized in association
with national training facilities in the regional areas and would enable training of persons in their regions of work
and the language of their scientific activines. Such training would be conducted in English, Franch, or Spanish. As
an adjunct to these programs, the development of ludiolutomll teaching units in various languages is anticipated.
Training in locations away from ICRISAT Center will require more time from individual scientists and added
expense for facilities and maintenance of each trainee. However, such programs would potentially increase the
number of trainees who cannot be trained in an English~language program or would be unavailable for training

outside their home countries.

As more information becomes available from research programs such as useful technology for management of
water and soils, short training courses will be mounted to make national program staff in both research and
extension aware of the range of options open o farmers for better mansgement of their land. lncreasingly research
workers from national programs will be brought in for special courses of the type slreadv mounted on pulse

entomology in 1981 which seek to concentrate on specific problem areas.

Training opportunities at the Institute are currently limited by space, wall, and facilities and by the level of
training requested and accepted. It is anticipated that up to 60 persons can be accommodated each year in 6-month
inservice training and up to 30 scientists and students in I-year or 2-year programs. Short, specific training

programs will be mounted as and when desirable and will accommodate from six to about 30 persons.



It is estimated thar 40 10 60% of the inservice training will be financed by national and development projects.
while the student scholarships. research. fellowships. and internstional internships will be more dependent on
Institute funds. A reduction in traning funds would require us to reduce the more costly high level tramng—
international interships, research fellowships. and scholarships away from ICRISAT Center —and opportunity for
ingervice training. and possiblv curtail the number of all appheants accepted for sponsorship by ICRISAT at all

levels of trainming.

4.2 Workshops, Seminars, and Conferences

Since 1ts inception. ICRISAT has sponsored and cospansored a wide range of workshops, seminars, and conferences.
These have been of several tvpes and all have coniributed sygruficantly 1o dissemination of existing research
information and to planning of ICRISAT's programs of assistance to international, regional, or national programs of
research, Conferences on sorghum and mullet in 1977 and groundnut and pigeonpea in [980 contributed significantly
to formulating ICRISAT's strategy for crop improvement programs and, at the ssme time, enabled vital
cross—program links to be forged with national programs and research scientists throughout the SAT and in
developed countries. Detailed workshops of the type held in 1975 on ergot and downy mildew of pearl millet and in

1979 on soilborne diseases of chickpea.adentified priority problems with these diseases.

One of the important objectives of the [CRISAT workshap and symposium program is 10 enshle adequate state
of the art summaries to be prepared, wuch a« was done in the publications “"Socioeronomie Constraints to
Development of Semi-Arid Tropical Agriculture™ and “Development and Transfer of Technology.” Smaller
workshops, such as those on agroclimatology, have enabled strategies and techniques to be evaluated by small

groups of concerned scientists and resulted in concerted integrated action on assembling data in the SAT

It is proposed to continue this strategy 1n the next 10 years using a spectrum of conferences and workshops—
some catering to small specific groups and some to much larger groups of research workers, administrators, and
policy makers, aud- representatives of donor agencies. Emphass alwavs will be placed on ensuring good
representation from [CRISAT'« main client group: the scientists of the S41 An important large workshop.
Sorghum in the Eighties, 1s planned for late 1981. This will examine the res.ijta of 3 imilar broad spectrum workshop
held in the early 1980s. when a broad strategy was planned. The successes and failures of plans charted at this
conference will be used to determime strategies for the 1980s. The conference will rover all aspecis of sorghum
1mproven:xem and will ensure wide representation from developed and developing countries. Cosponsors have been

obtained to ensure such wide representation.

ICRISAT will also host a smaller and specific workshop to highlight the importance of Heliothis, probably the
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tropical world's worst insect pest in sgriculture. This pest is very catholic in 1ts (ood preference tastes and has

proved to be an intractable problem in spite of many vears of concentrated research on the insect on individual
crops. We believe a systems approach may asaist in solving the problems with Heliothis. Other specialist workshops
are already planned including one on aygrometeorology of sorghum and millet, as requested by participants at

recent World Meteorological Organization Workshop.

Specialized small workshops will be heid increasingly within developing countries. A workshop on Striga is
planned in Upper Volta in 1981 and a further workshop i likelv 10 be held on Sociorconomic Constraints to
Development in West Africa, possibly in 1982. The former will be funded by IDRC and the latter 18 likely to be
supported by both IDRC and IRAT.

4.3 Information and Library Services

Dissemination of information will play an increasingly important role in transferring the technology developed
through our research. This function is handied by our Information Services Division and our Library, which not
only serve the interest of scientiats at ICRISAT Center but also operate a Sorghum and Millets Information Center
funded by IDRC that pravides information on these two crops to scientists throughout the SAT. Information s
relayed to our client groups as 1t is developed. This takes the form of detailed publications such as information
bulletins and research reports, workshop proceedings, speciahized newsletters, the 1echnical annual report. and a
well-illustrated, non-technical compilation of research highlights published annually for nenscientific audiences.
The Library is developing into a center for world hterature on major and related subjects of concern 1o the Institute,
Its documentation activity 1s ronfined to the five mandate crops. and it hopes 10 soon extend to scientists of SAT
countries the selective dissemination of information (SDT) <ervires it 1 nuw praviding to ICRISAT scientists on

matters of special interest to them.

5. Organization and Coeperation

5.1 Organization at ICRISAT Center

[CRISAT, like most of the other IARCs, 15 organized masmly by function The ecsential organizational units are six
multidisciplinary research programs and the training program.Four of the research programs—in sorghum, millets.
pulses and groundnuts—are crop improvement programs. The othes two—farming systems and ern‘nominn {more
properlyy socioeconomics)—are mawnly nvolved in resource management research, Fach research program is
headed by a program leader who 15 also the subprogram leader in the area of his specialization. Within each research
program there are several discaplinary subprograms, each headed by a principal scientist. In addition 1o six research

programs, there are seven resesrch support programs—Genetic Resources, Farm Operations, Biochemistry, Plant



Quarantine, Library, Statistics and Commu Services. These research and support programs are all guided and
supervised by the Director of Research. iSee organizational charts, Figs. 4-6).

The crop improvement programs generally have subprograms on breeding, physiology, pathology, and
entomology, except for Millet, which has no separate entomulogy unit. The Groundnut Program has virology and
cytogenetics, and Millets and Pulses have N-fixation as additional subprograms. The sntomology subprogram in

Sorghum serves the Millet Program, and the N-fixation unit of Millet serves the Sorghum Program. The Farming

Systems Program has subprograms on agronomy, cropping systems, land and water management, farm power and

equipment, soil fertility. environmental physics. and agroclimatology. The Farming Systems Program also interacts

with Economics and the crop improvement programs.

The research support programs provide common and necessary services to the research programs. The Genetic
Resources. Biochemistry and Plant Quarantine Programs mainly «upport the crop inprovement programa; the first

two also conduct some research.

The Treining Program operates under a principal training officer who reports to the Diractor for International
Cooperation. This Director is also responsible for a Visitors' Services unit and for the organization of workshops and
conferences. A major responsibility of the Director for International Cooperation is the management of special

projects and cooperative programs with ather institutes and agencies in countries outside India.

Information Services, because of its wider responsibilities throughout the Institute, s supervised by the

Director General. It provides support 1o all the programs and offices.

Administrative service divisions—F1scal, Purchase and Supplies, Personnel, Physical Plant Services. Housing
and Food Services, Transportation and Securtty—report to the Principal Administrator and provide support to all

the programs. N

5.2 Research Projects

The fundamental unit of research in ICRISAT i the research project. A project has objectives. specified
methodology, and l' specified duration and resource requirement (staf{ and material resources). One or more
scientists may be invoived in esch project, and they cooperate n an interdisciplinary effort. Projects are formulated
at the subprogram level by the concerned scientist and the principal scientist, keeping in view the gosls of the
program and the Institute. Program leaders attempt to integrate various projects into the main themes and
philosaphy of the program. All new projects ate eritically reviewed st 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



Figure 4. ICRISAT's Research Organization.
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Figure 5. Research organization by programs under Director of Research (as of March 1981).
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projects are submitted to the Diractor of Research for scrutiny and approval. The mechanism of the [n-House

Review proper assig of priorities and helps in defining objectives and encouraging coordination.

The overall priority, goals, and achisvements of different research programs sre reviewed and discussed by the
Program Committee of the Governing Board. This Committee is the Inshitute's highest technical committee for
research. The recommendations of the Program Commtiee along with the observations of the Board help determine

priorities, strategies, and resource allocation in the research programs.

Research projects generally have durations of 3 1o 5 years, towards the end of which they are critically
reviewed. They are concluded when the objectives have been achieved. Cooperating scientists representing different
disciplines are involved in each project. Funds are sllocated by programs and sub-allocsted to subprograms by the
program leader. We have not budgeted funds by projects and we are not aure there would be any advantage in making
such allocations. We have the apprehension that a project budget could encourage separatist lendencies and lead to

demand for duplication of facilities, thus resulting 1n ineflicient use of resources.

5.3 Network for Core Program Research in India

For ICRISAT s core research program, the Government of India provided 1394 hectares st Patancheru near
Hyderabad, Andhra Pradesh, but it was realized that a few stations in different environments would be essential to
effectively select for wider adaptation, to sereen for specific disease and pests, and to conduct of(-season nurseries.
With the support of the Indian Council of Agricultural Research (ICAR, . agreemenis were made with the University
of Agricultural Sciences, Bangalore; Tam.) Nadu Agricultural Umiversity, Coumbatore; jawsharlal Nehru Krishi
Vishwa Vidyalaya, Jabalpur; and Haryane Agricultural Universiry, Hissar. for providing facilities for research at
Dharwar, Bhavanisagar, Gwalior, and Hissar. respectively. These conperative research stations provide a range of
environments and hot spots for screening disease and pest remstance to enable ICRISAT to fulfill its international
mission without facing the problem of quarantine which wea. ! restrict the flow of material and also make the

program much more expensive. We are improving nhysical facilities st ciese locations to facilitate our work there.

The center at Bhavanisagar (Tamil Nadu Agiscultural Un.versity) is at 11°N latitude and is proving extremely
useful for research on sorghum and millets because of its direct latitudinal correspondence with séme areas in

Africa. The Groundnut Program is also using its tacilities 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
breeding and screening for resistance to downy mildew and charcoal rot of sorghum and carrying out disease

research on groundnut.



At the College of Agriculture, Gwalior (JNKVV, Jabalpur} at 26°N latitude, the program is mainly
concentrating on breeding of long-duration pigeonpeas. Facilities for limited mechaniwation of farming have aho

been provided. Gwalior 18 also proving 1o be a useful wite for pear| millet and chickpes research.

Hissar (Haryana Agnicultural University) at 29°N Latitude. 1s representative of the large apeas m northern
India growing pearl millet in kharif (rany season) and chickpea in winter. For millet, long days and high
temperatures allow effective selection for vield and earhiness. This station is also suited for short-durstion
pigeonpeas and for screening sorghum against borer and shoot fly, but strengthening of facilities is naconsary to take

full advantage of this environment.

For raising an off-season nursery of chickpea a small piece of land (about 2 ha) has been arranged at
Taparwaripura farm, 35 km from Srinager (33°N) with the assistance of the State Government of Jammu and

Kashmir.

In addition to these five cooperative research stations where ICRISAT scienusts carry out their core program
under the supervision of their own stafl, we have land-use facilities available at a few other stations for special

purposes such as drought stress or disease hot spots.

For groundnut research, we will develop arrangements with the new National Research Center for Groundnut
at Junagadh (Gujarat), which represents the typical black soil, groundnut-growing area in India. ICRISAT hopes to

use this environment to evaluale germplasm and cultivars and to breed for disease remstance.

5.4 ICRISAT Network in Africa

The distinctive and varied agroclimatic and socioeconomic environments in Africa make it difficult 10 introduce
agricultural technologies from elsewhere. This applies particularly to the biological and chemical innovations
required to increase crop yields. Innovations developed in one area may not be broadly transferable due to the
marked differences in rainfall, soils, and other ecological factors, not to mention the cultural diversities and Jocal

food preferences that have produced wide vaniations in the dominant and secondary iced crops of different areas.

Accordingly, ICRISAT developed a cooperative network of interrelated programs in six African countties
(Nigeria; Niger, Mali, Upper Valta, Senegal. Sudan) snd provides research material and training of staff to other

countries.

The initial project in our African program was developed in West Africa under a 3-year UNDP project that was

subsequently extended into 8 second and third phase. The prime objective was strengthening existing research
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programs in development of higher-yielging cultivars of sorghum and millet that incorporated reliable and stable

vield characteristics. Reliable vields presuppose inclusion of resistances to the prineipal insect pests. plant parasites,

#d diseases, and this continues 1o be an important thrust in this research. A further am was 10 develop improved
farming systems to fully capitalize on the crop improvement programs and ensure maximum utilization of maisture.

Since intercropping is a festure of agricultural svatemsin Africa, this was a particular ares included for research and

economic study.

The ICRISAT Governing Board, recognizing the cluar need for s iong-term commitment to Africa, has adopted
a broad plan for developing ICRISAT programs there (A Long-Term Plan for Developing ICRISAT Programs in
Africa, 1979). This plan envisages centering core-funded ICRISAT rexearch teams in Africs 1o support and extend

the work of the cooperative network

The ICRISAT Sahelian Center

ICRISAT's major location in Africa has been chosen in a tvpical millet-growing ares near Niamey, Niger. [t will
strengthen our capability 1o study the unique features of the Sahelian area, which han a relatively low sverage
rainfall (600 mm) with low dependability, where the sonls are sandy with low natural fertility, evapotranspiration
rates are high, l;ld growing seasons are short (75 to 120 days). It provides an important benchmark site in West
Africa, particularly for research on pearl millet and groundnut improvement and on farming aystems and
economics. The work will focus on technology that s transferable to the farmer. The program will slso include
cooperative research with national programs and serve as a training ground for scientists. The siation became

operational in 1981 and is the only lnration in Africa at which ICRISAT has its own facilities.

The crop improvement program at the Sahelian Center will have twa plant breeders far mullet and groundnut,

two pathologists, an entomologist and an agr ist. The farming systems program will have a soil and water

L B o}

engineer, soil scientist, economist, agr ist, and an agrocl logist. Supervision will be provided by the
ICRISAT Coordinator for West Africa under the guidance of the Director for International Cooperation,

Supporting services include farm operations and administration and possbly genetic resources.

Kamboinse, Upper Volta

To meet the needs of cereal improvement and farming systems in the Sudanian ecological zone of Africa (about 800
mm annual rainfall) & team for sorghum improvement and fasming systems research is stationed at Kamboinse,
Upper Volta at the research station of the Voltaic Minustry for Higher Education and Research. The research team
consists of a sorghum breeder. pathologist, agronomist, Striga physiologist, production agronomist, soil

t agr ist, and an A millet breeder works with the team as part of » UNDP special project.

A social anthropologist is currently also part of the farming systems team through the assistance of IDRC.
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Samaru, Nigeria

The need for sorghum improvement in the southern Sudani logical 2one (1200 mm annual rainfall) in Africa is

catered to by the establishment under SAFGRAD of » sorghum team at Samaru, Nigeria through an agreement with

the Institute of Agricultural Rescarch st Ahmadu Bello U nivermty. The team consists of a sarghum breeder.

gist, and agr ist. A millet breeder 1s alao located at Samaru in & UNDP specisl project.

Southern Africa

We plan to post two staff members to southern Africa to initiate a groundnut research program, which will capitalize
on the germplasm base and resistance lines identified st ICRISAT Center, Patancheru. This program will serve as the
focus for increased input into neighboring countries of both the castern and southern regions of the continent on
this important crop. It is expected that the team will be strengthened by the addition of a principal scientist 10 study
the microbiological aspect of the groundnut crap. There is increasing interest i southern Africa for an ICRISAT
program on other crops within [CRISAT's mandate, notably sorghum and millet. Work on these crops will be

initiated in the first few years of the 10-vear plan.

5.5 Cooperative Linkages
ICRISAT does not expect to conduct all the research needed to attain the stated scientific objectives. Some strong
national programs already exist and others are gaining strength. We serve national and regional programs in the

developing world and seek to cooperate with programs in all parts of the world to mutual advantage,

Developing cooperative research ties with our client institutions and their acientists 1s a most effective way of
ensuring the use of our research output. Linkages with the Ali India research networks have already been described.

In addition, ICRISAT scientists cooperate with their colleagues in several Indian universities.

In Africa we are working closely with national scientists af research facilities of their government and we are
cooperating on special projects with SAFGRAD, USAID, IRAT, CILSS, GTZ, the EEC and other bilateral and

regional programs in SAT countries.

The cooperation we receive from national plant quarantine services is essential to the operation of
multilocational trials and nurseries and the coliection and distribution of germplasm. We have been particularly
fortunate in the cooperation we have received from the Plant Protection Training Institute which has been given the

authority by the Government of India to handle the movement of plant materials to and from ICRISAT.

Mentor Institutions

ICRISAT has developed a substantial network of counsellors among the universities of the developed and



developing world. With financial assistance from several governments we have developed couperative programs
with universities in the UK, USA, West Germany, Canada, and the Netherlands, and with national research
institutes in the UK, Japan. and New Zasland. For several vears IRAT has financed the direct costs of our Weat

African Coordinator and this 15 leading to increased possibalities for future cooperation between ICRISAT and
IRAT.

Numerous research institutes are working independently on problems of importance to thewr own researchers
that are also important to ICRISAT. One of the responsibiliien of nur principal scientists is to keep in touch with

these activities and to catalyze more work of this type.

Intercenter Linkages

ICRISAT has developed intercenter hnkages with the international agricultural research centera with which we
have common interests. The most effective of these has been with ICARDA in Syria. Because ICARDA and
ICRISAT have common interests in chickpea. we have worked out a cooperative arrangement for reasarch on this
crop. ICRISAT has posted a chickpea breeder and pathologist at Aleppo who work with and are supported by
ICARDA pathologists, microbiologists. and entamolomsts with responsmbilities not only for chickpea but also for
other leguminou; cropa. We have agreed that ICARDA will work an the kabuli type of chickpea, which is grown
threughout most of the world, and ICRISAT will worl an the desi type, which grows in India and Pakistan. The

program has made excellent progress since it was implemented in May 1978.

CIMMYT is providing facilities to ICRISAT's sorghum breeder who is carrying out the program of research for

high altitude sorghums and for sorghums in Central and South America generally,

In Upper Volta an 1ITA cowpea breeder works side by sde with ICRISAT and national scientists at the
Kamboinse Research Center. In Upper Volta and Nigeria ICRISAT and [ITA have separate contracis with the
SAFGRAD program‘but work together under, the AID/OAU-STRC coordinating mechanism.

ICRISAT and ILCA must develop cooperative arrangements for research in the Sahelian zone of Africa where
the farmer and the pastoralists come together. The probable places for cooperative wurk will be the ICRISAT
Sshelian Center and the ILCA station at Niono, Mah.

CIAT is interested in INTSORMIL developing, with ICRISAT participation, research in sorghum for the acsd
soils with aluminium toxicity in tropical South and Central America. If funds hecome available, we could develop
joint interest in a cooperative program. Brological mtrogen fixation 1s a matter of common interest to ICRISAT,

[ITA_ CIAT. IRRL. and ICARDA and we have good linkages for exchange of information and joint planning,
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The UN Family of Agencies

The international agricultural research centers are not members of the IN family of agencies, but they have many

attributes in coramon with those agencies. FAQ, UNDP, and the World Bank are the three sponsors of ICRISAT,

and UNDP 1s one of its major donors.

Apart from donor-chent relationships with 1 NDP the main cooperstive linkages developed so {ar have been
with FAQ. These relate particularlv to the IBPGR and TAC. for which the Secretariats are provided by FAQ: the
‘Land and Water Development Division. to which ICRISAT is providing agrochmatolomeal input 10 a global crop
Lo!ential study; and the Plant Production and Protection Divinon. which pravides advice and comment on a
&velopmg pest-management program in Africa. Discussions have also been held concrrning formal cooperstive
linkages with field projects of FAO. but nothing has as vet developed along these lines. W do provide plant materials

upen request 1o several FAO field prosects.

6. Resources

A.1 Suaffing Guidelines at ICRISAT Center

Staffing at ICRISAT Center recognizen the global reievance ot its research and traiming activitios.

Each program at ICRISAT Center 1s headed by a program leader with a principal scientist in charge of each
subprogram. The sorghum and millet breeding programs each have an additional principal plant breeder 1o

strengthen the research efforts.

Every principal scientist works with one 1o three scientists trained in different aspects of the scientific

discipline covered by the subprogram and recrusted nationally. These are well-trained scientists who generally have

Ph.D. degrees. Every scientist 1s provided one to three scientific support staff bers (Research Technici
Technical Assistants, Field Asistants, or Laboratory Assistants) and each subprogram has the services of clerical

staff.

In addition, the crop smprovement programs and the farming systems program each have about 4010 50 regular
daily-rated workers ta help 1n the manusl operations in the field or laboratory and help in collecting plant data,
selfing, p(;”inating‘ sampling. harvesting and threshing of gramn, and preparation of seed samples. Temporary
daily-rated workers also are employed for a few days 1o a few weeks as dictated by the needs of the program. Owing to
the constraint of funds and rise in wages and prices. the number of daily -rated laborers that a program can employ is

decreasing, The major emphasis is shifting 1o quality of Jabor rather than numbers.
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Staffing in the training program follows the same general pattern as s found in the reseasch programa. The
Principal Training Officer 1s supported by three training officers and ten support stafl, with a higher proportion of

clerical and secretarial staff and lower proportien of technical wafl than the ressarch programs.

Research and adimimistrative support programs and divisions are headed by principal staff or senior

nationally-recruited professionals. They are provided with the resquistte supervisory and non-supervisory staff.

ICRISAT Center is now adequately stafted to fulfill s responsihilities. The normad real growth allowed an estnblished

center will be sfficient to take care of changing needs and increasing workloads.

6.2 Staffing Guidelines in the Cooperative Program

The ataffing patterns for ICRISAT Center are nerther possibie nor necessarv for ICRISAT s Cooperative Programs
which concentrate on regional and—ta some extent—national priorities. In each regional crop improvement team
there is a principal breeder and. if funds permit. a pathologist and agronomist/physiclogist. A smaller number of
entomologists, generally concentrating where posmbie on a wingle crap, serve several regional teams. Other principal

scientists are added according to sperific needs

In the farming systems team at the [CRISAT Sahelian Center we will have a soil and water mansgement

agronomist. a suil physicist or physical chemut, and an engineer

Each principal scientist 1s supported by one techniesan plustwa or three field heipars and daily -rated labor. The
team also has clerical and secretarial support In Weat Africa we have recently been able to post 2 Principal
Administrative Officer 1o assist the several feams there i setting up and matntaiming the necessary adminisirative

services.

The staffing requirements for the regional programs proposed by the various research programs are substantial. Each
regional crop or farming systems team would contain 1w ta four principal seientists plus a small number of principal

support staff providing technical, adminitrative, and freld aswistaner,

Regional programs in West 4frtca have been commenced using special proyect funds. Care program funding has been

requested only after two or more project ihases huve adequatelv revenled the requirements for lung -term rom.nulment:. This

paitern of funding will be conunued over the next 10 vears,

6.3 Non-Salary Costs
Over the last few vears the ratio of salary (tetal emaluments; 1o sun-salary costs has increased snd now exceeds 1.0,

This has occurred in spite of decreased numbers of man vears at ICRISAT Center. The reasons are twofold. Total



donor contributions have not provided adequate adjustments lor inflation in salaries and wages, leaving less money

for other operational costs. Also expanding apsrations an Africa has introduced a much larger emolument bill for

post allowances, housing costs etc., and higher costs for technical, admmnistrative, and field staff.

Our ability to conduct the work of ICRISAT well, to take advantage of opportunities, to explore new ideas. to

respond to our clients’ needs are critically dependent upon our retaining adequate non-salary funds.
We must, therefore, maintain a favorable ratio of salary to non- salary costs, preferably below 1.5.

Travel costs as & proportion of non-salary costs is rising slowly uver the years (from 6.9%in 197910 7.5% in
1982). It is expected that this rise will need to continue as we expand the regional programs, some of which will be

based at ICRISAT Center. Travel is not likely 1o exceed 10% of non-salary costs at any time.

6.4 Capital Requirements

Major capital construction at ICRISAT Center will cease with the rompletion of our Phase H building program in

1982. Future major capital requirements will be concentrated on greenh and acreenh or aquip
replacement. In accordsnce with CG requirements equipment replacement will appear in the operational budget. A
substantial capital investment will be required to develop the ICRISAT Sahelian Center. The land aliocated by the
Government of Niger is 25 km from Niamey, on an unpaved roud, without power, telephones, developed water

resources, or other utilities. Although the buildings planned are modest, construction costs will be much higher

than in India.

In all other locations JCRISAT will conduct its operations from national or state experiment stations. Most of

the costs appear in the operational budget, but some captial funds for buildings, equipment, vehicles, and station

¥

devel t will be Y.

6.5 Resource Requirements Over the First 5-Year Period

Operational requirements from 1980 to 1984 taken from ICRISAT's nud-term budget report for 1981/1982 are
given in Table Y. The requirements for principal staff positions for Lore-operational and regional activities over the
same perod are shown in Table 10. Four of the positions (at Samru, Nigeria, and at CIMMYT) in this table are
currently funded from special project funds. Requirements for capital funds for the period 1980 to 1984 are shown

in Table 11.
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The tables show that allowances for inflationary costs are increasing, as is true for all the IARC's. It does not
appear that the CGIAR system, which has achievod so much 1o date, will be able to respond effectively to future

needs and requests from potential beneficiaries until worldwide inflation in reduced.

Positions and operational budgetary requirements appear o reach something of a plateau in the last 2 years of the
period, but it is likely that regional programs commenced with special funds in eastem and southern Africa will cause some
increase in positions above the projections shown in Table 0.

Capital funds decreased in 1981 due to the severe shortfall of funds in that year, but increase again towarda the

end of the period. Requirements are likely to continue af about the $2 million level Jor several more years.

Conclusion

Nine years after the founding of ICRISAT, we feel that we are well on the way toward carrying out the mandate given
to us by the Consultative Group in 1972. Our research programs are well established—in the Indian subcontinent,
where we started and hlve made substantial progress; in Africa, where 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 as well; and in Central America, the Middle East, and other
semi-arid areas where rainfed agriculture produces the food necessary for life. We have found in our research some
things that will work, and some that will not. and we have incorporated the positive traits into new crop lines that are
now beginning to reach 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 our challenge. We know that, no matter how effectiveand
productive the crop lines and farming systems we develop, there may not be a “Green Revolution™ in the
conventional sense in the semi-arid tropic;——prima}ily because of the lack of water and fertilizer. But we are

confident that the technology we are developing can avert di and eliminate food shortages if it is implemented

and supported by national governments. We can only catalyze technological change through the national scientists

and organizations that must bring about whatever transformation is 10 take place in SAT sgriculture.

We have made good progress toward enabling millions of small farmers of the SAT to increase their present
production of our five mandate crops with high-yielding varieties that will be resistant to pest and discases, and
capable of withstanding moisture stress and other environmental factors that limit crop yields. And if we can sustain

that progress through the 1980s and beyond, [CBIS4T will achieve its goals and justify the faith of its founders.
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Table 8. Operational requirements 1980-84,

Projections
1580 1981 1982 1983 1884
MY  Cost| MY Comt [ MY Cost | MY Cost | MY Com
1. MAJOR ACTIVITIES
a, Research Programs
Farming Systems 8 9801 TS L,MO | N 1,458 | 12 1,884 | 12 1,780
Sorghum ns 979 | 975 1,192 | 10,5 1,413 | 11 1,558 | 1L6 1,782
Millets 4.5 601 | 6,75 1,044 9 1,00 % 1,138 9.5 1,287
Pulses - Chickpea
& Pigeonpes 6.75 1,086 1,238 8 1,248 B 1,324 8 1,402
Groundnut L5 528 | 5.5 872 7 937 10 1,078 10 1,139
Economics 4,7 521 589 5 549 [ 592 5 832
Subtotal 35 4,675 | 42,75 6,242 | 50.5 6,660 | 55 7,387 | 56 8,002
b. Besearch Support
Service Actlvities
Office of the Director
(Research) 1 101 ] 1 100 1 133 1 145 1 155
Plant Quarantine - 50 | -~ 66 - [:k] - 66 - 69
Genetic Resources Unit 2 264 1 2 294 2.5 360 3 40K 3 432
Biochemistry 1 141 1 183 1 147 1 178 1 188
Farm Development
Operations 1 527 1 676 1 1 1.5 B4 2 841
Library & Documentation - 08| - 197 - 196 - - 228
Information Services 3.5 8| 4 98 | 4 364 | 4 38T | 4 i
Computer Services
& Statistics 2 1811 2 23 2 227 2 245 2 260
Subtotal 10,5 1,666 [ 11 2,145 | 1.5 2,227 | 12.52,511 | 13 2,885
RGN R
Total Research Activitles |[45.5 6,341 | 53.75 8,427 | 62 8,887 | 67.59,878 | 68 10,887
2. INTERNATIONAL COOPERA-
TION ACTIVITIES
Office of the Director
(Intl, Coop) L5 207 | 2 224 2,58 2158 3 251 3.5 369
Tratning & Fellowships 15 456 1 1 636 1 680 2 758 2 793
Conferences & Symposia - 195 | - 213 - 184 - 18 - 198
Total 3 858 1 3 1,073 3.5 1,079 5 1,200 5.6 1,360

(continued on paze 63)



Table 8. Continued.. ..

Projections
1980 1581 1982 1983 1984
MY  Cost | MY Cost | MY Cost { MY Cost | MY  Cost
3. GENERAL ADMINIS-
| TRATION
I
: Board of Governors - ni- 102 - 1] - 102 - 108
' Admin{stration 2 44 861 4 B48 4 1,108 4 1,897
. Quinquennial Review - -t - - - - - 0| - .
I o
| Total 2 806 | 4 963 4 1,046 4 1,308 4 1,343
|
| 4. GENERAL OPERATIONS
Transportation
Motor Pool - 268 | - 138 - 3zt - M2 - 362
Physical Plant Services 1 W2l B61 1 805 1 63 1 915
Housing & Food Services 1 214 | 1 385 1 3688 1 413 1 438
General Expenses - 1,163 | - 880 - 1,173 - 1,289 - 1,267
Total 2 2,47 | 2 2,452 2 2,084 2 2,R87 2 2,872
5. ALL OTHERS
Contingency - - - - - 134 - 305 | - 327
Provision for Future
Price Changes - - - - -~ 2,352 - 5,187 - 8,161
Total - - - - - V ‘2.436 . 5,482 - 8,488
GRAND TOTAL-CORE
BUDGET 52,5 10,352 62,75 12,915 | 71.5 18,182 |78.5 20,735 |80,5 24,850
CATEGORIES OF EXPENSES
Personnel Bervices 5,228 6,481 7,134 7,807 8,482
Supplies and Services 4,315 5,260 5,334 5,085 8,486
Equipment Replqcement Travel 795 958 1,023 1,084 1,135
Others: Contingency/ Puture
Price Changes - - 2,486 5,462 8,488
TOTAL 10,352 12,915 16,182 20,738 24,850




Table 10. Principal Staff positions fof core research and regional activities in
1980 and projected for 1984,

Farming Systems
Sorghum

Millet

Pulses

Groundnut

Economics

Genetic Resources
Biochemistry

Farm Development Operations
Computer Services
Statistics

Administration

Training and Fellowships

Note : {a) These totals exclude the position of the Director General,

Total:

ICRISAT Center

Cooperative Program

1980 1984 1980 1984
8 8 2 4
5 6 8 7
5 5 2 5
6 8 2 2
5 6 1 4
3 3 2 2
2 3 - -
1 1 - -
1 1 -

1 1 - -
1 1 - -
4 6 2 4
2 2 - -
44 49 19 29

{b) Regional projects in Cooperative Programs Include some positions funded by

special projects.

Table 11, Requirements for Capital funds 1980-84.

1

2.

5.
6.
7.

Site development, ICRISAT
Center
Campus external work

. Building construction, Phase Il
. Other construction

Equipment
Others: including architect fees
West Africa: Capital

. Contingencies (3%)

Total

1980 1081 1982 1083 1984
$'000 $'000 $'000 $'000 $'000
18,4 35 41 28 40
61.0 126 65 191 50
272.5 900 1,015 90 -
- 66 72 853 + 200
921.5 268 525 845 750
210.0 120 113 75 -
352.0 - 250 573 1,000
62.0 - 82 74 61
1,897.4 1,515 2,143 2,529 2,101
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